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Introduction
The 16m EMD does not currently specify a methodology for evaluating proposals on relay. It is anticipated that the call for contributions for one of the upcoming meetings will include a call for proposals on relay. In order to be able to compare relay proposals it is important that the TG agree on the basic relay configurations and simulation parameters in order to allow simulation results to be compared on an equal basis.

The remainder of this document captures the changes and extensions to the 16m EMD that we believe are required to evaluate and compare relay proposals. The relay evaluation methodology is written as a delta to the existing 16m EMD. The relay evaluation methodology is proposed as a section within the 16m EMD. It is assumed that the recommendations made in the baseline 16m EMD apply to the evaluation of relay except in those cases where it is explicitly stated in the section on relay. The relay evaluation methodology draws to the maximum extent possible on the baseline 16m EMD as well as on the 16j EVM document. We believe that the 16j EVM is not sufficient for the purposes of TGm because the 16m EMD specifies detailed simulation configuration parameters and procedures which were not captured in the 16j EVM.
Text Proposal
[Insert the following text as section 14 of the 16m EMD document:]
14 Relay Evaluation Methodology

14.1 Introduction

This section captures the changes and extensions to the 16m EMD that are required to evaluate and compare relay proposals. The relay evaluation methodology is written as a delta to the existing 16m EMD.  It is assumed that the recommendations made in the baseline 16m EMD apply to the evaluation of relay except in those cases where it is explicitly stated in this section.
14.2 Test Scenarios

Three basic scenarios with RSs are defined for the purpose of system level simulations: 
· Above Rooftop (ART) RS scenario (Mandatory)
· One relay per sector

· Two relays per sector 
· Below Rooftop (BRT) RS scenario (Mandatory)
· Six relays per sector

· Mixed ART and BRT RS scenario (Optional)
· 1 ART relay and 5 BRT relays

· 2 ART relays and 4 BRT relays
Detailed descriptions of these scenarios are given in Sections 14.2.1-14.2.3.
In all of the scenarios, cells are partitioned into three sectors, as is specified in the 16m EMD. Many of the parameters and procedures specified in the 16m EMD are used. In this section we specify the modifications and additions to these procedures required to support relay simulation studies.
14.2.1 Above Rooftop RS Scenario (Mandatory)
The ART RS scenario assumes that BS and RS are located above rooftop (ART) while the MSs are located below rooftop (BRT) (Figure 1).
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Figure 1: ART RS scenario
The basic system level parameters describing characteristics (equipment models) of the BS, RS and MS are provided in Section 14.3. The channel models for system level simulations of all possible links (BS-RS, BS-MS, RS-MS and RS-RS) are defined in Section 14.4 of this document. Note that the parameters proposed in Sections 14.3 and 14.4 do not depend on the number of RSs per sector. Meanwhile it is obvious that the SLS performance metrics may significantly depend on the positions of RSs inside the cell sector. The default positions of the RSs inside the cell and their antenna configurations have to be specified for calibration of simulation results. Sections 14.2.1.1 and 14.2.1.2 provide nominal positions for RSs which are suggested to be used for system level simulation.

In both ART RS scenarios a directional narrow-beam donor antenna is used at the RSs for the BS-RS link. These antennas are pointed directly to the BS. For RS-MS communication the RSs uses omni-directional antennas. For more details on BS and RS antenna parameters see Section 14.3 of this document. 
14.2.1.1 One relay per sector scenario
In this scenario one RS is deployed in each sector. The position of the RS inside the sector is specified in polar coordinates using distance (r) from the BS to RS and angle (( ) between the boresight direction of the BS sector antenna and the line-of-sight (LOS) to the considered RS, see Figure 2. The default values for distance r is one half of the site-to-site distance and the default value for angle (  is 100 in this scenario. An angle of 00 can optionally be used as well. Note that the defined values of r and (  are not obligatory and may be changed depending on the antenna configurations used at the BS and RS. For instance, r and (  can be chosen so that possible problems with interference from neighboring cells appearing due to symmetrical RS positions are avoided. In this case the position of the RS needs to be specified along with the simulation results in order to allow independent verification of the results.
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Figure 2: Сell structure for one ART RS per sector

Figure 3 illustrates the deployment scenario with one ART RS per sector for the mandatory and optional RS placement angles in a 19 cell topology.
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Figure 3: ART deployment scenario with one RS per sector for mandatory (left) RS placement angle (100) and optional (right) angle (00)
14.2.1.2 Two relays per sector scenario

In this scenario two RSs are deployed in each sector. The positions of the relays are determined by the BS-RS distance r and the angle (  between the boresight direction of the BS sector antenna and the LOS to the RS, see Figure 4. By default the distance r is equal to 3/8 of the site-to-site distance and the angle (  is 260. A value of 300 may optionally be used. Note that specified mandatory values of r and (  are currently aligned for DL spatial multiplexing of relay links assuming that the BS is equipped with 4 antenna elements and antenna spacing equals 4 wavelengths. The optional parameters are aligned with the case when no beamforming and spatial multiplexing techniques are applied. The defined values for r and (  are not obligatory and may be changed for other simulation scenarios, but in this case their values must be specified by the proponents. The particular choice may be justified by specific BS antenna system parameters (i.e., antenna spacing and number of antenna elements) and used signal processing techniques. For instance, the angles may be selected to reduce the amount of interference from neighboring cells or to increase the performance of spatially multiplexed relay links for a given BS antenna configuration.

[image: image5.emf]r

BS

ART RSs

Angle between RS location and 

BS antenna boresight direction

BS antenna boresight direction

φ

BS – RS distance

BS sector edge

r

φ


Figure 4: Сell structure for two ART RSs per sector

Figure 5 illustrates the deployment scenario with two ART RSs per sector for the mandatory RS placement angle of 260 in a 19 cell topology.
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Figure 5: ART deployment scenario with two RSs per sector and mandatory RS placement angle (260)
14.2.2 Below Rooftop RS Scenario (Mandatory)
In this scenario the BS is located above rooftop (ART) while the RS and MS are located below rooftop (BRT), see Figure 6. 

[image: image7.emf]BS

RS

MS

N

L

O

S

 

t

r

a

n

s

m

i

s

s

i

o

n

L

O

S

/

 

N

L

O

S

 

t

r

a

n

s

m

i

s

s

i

o

n

N

L

O

S

 

t

r

a

n

s

m

i

s

s

i

o

n


Figure 6 BRT RS scenario

In the BRT scenario the number of RSs deployed in each sector is increased to six. The reason for increasing the number of RSs is the more severe propagation characteristics of the BS-RS links and the reduced coverage area of the BRT RS in comparison to the ART RS scenarios of Section 14.2.1. The other difference from the ART scenario is in the type of the RS antenna configuration used for the BS-RS link. Since the BRT RSs are deployed below the rooftop, the probability of having LOS between the BS and RS is reduced. Therefore, there is no reason to use directional antennas at the RS. For this reason the BRT RS scenario assumes omni-directional antennas for both relay (BS-RS) and access links (RS-MS). The RS antenna array broadside is assumed to be aligned with the LOS direction to the BS. The basic RS parameters for the BRT RS scenario are provided in Section 14.3.

Figure 7 shows the deployment of BRT RSs with six relays per sector for a 19 cell topology. The deployment resembles the hexagonal RS grid with smaller cell sizes (mini-cells) overlayed by the hexagonal BS grid. As it can be seen from Figure 7 one of the RSs in each BS sector is geographically located in the neighboring cell.
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Figure 7 BRT RS deployment scenario
14.2.3 Mixed ART and BRT RS Scenario (Optional)
The mixed ART and BRT RS scenario assumes that both kinds of RSs are located in a sector. The mixed RS scenario may be used for performance investigation of two or multi-hop cases. Note that the basic parameters of the different (ART and BRT) RSs are the same as the parameters described in the corresponding sections of this document. The channel model characteristics between ART and BRT RSs are proposed to be the same as the ones used to describe the link between the BS and BRT RSs.
The two basic variants of the mixed scenario are suggested for system level simulations and described in Sections 14.2.3.1 and 14.2.3.2.
14.2.3.1 Mixed ART and BRT RS Scenario with one ART RS per sector
The locations of RSs in this scenario are similar to the BRT RS Scenario, see Section 14.2.2. The only difference is that one ART RS replaces the central BRT RS in the sector and is surrounded by 5 BRT RSs, see Figure 8.
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Figure 8: Mixed ART and BRT RS scenario with one ART RS per sector

The orientation of the ART RS antenna configuration for the Access link is TBD. The positions of the ART RS in this scenario may be modified as described in Section 14.2.1.1.
14.2.3.2 Mixed ART and BRT RS Scenario with two ART RSs per sector
The locations of the RSs in this scenario are similar to the BRT RS scenario, see Section 14.2.2. Figure 9 illustrates the scenario with two ART RSs. 
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Figure 9: Mixed ART and BRT RS scenario with two ART RSs per sector

The orientation of the ART RS antenna configuration for the Access link is TBD. The positions of the two ART RSs in this scenario may be modified as described in Section 14.2.1.2.
14.3 Basic Parameters
Table 1 Test scenarios
	Scenario/ parameters
	ART RS scenario 
	BRT RS scenario 

	Carrier Frequency
	2.5 GHz
	2.5 GHz

	Operating Bandwidth
	10 MHz for TDD / 

5 MHz per UL and DL for FDD
	10 MHz for TDD / 

5 MHz per UL and DL for FDD

	Frequency Reuse
	1x3x1 (required) 

	1x3x1 (required)

	BS Site-to-site distance
	1.5km (mandatory)

3.0km (optional)
	1.5km (mandatory)

3.0km (optional)

	RS placement distance (r)
	1 RS per sector -  1/2 of site-to-site distance 

2 RSs per sector - 3/8 of site-to-site distance 
	6 RSs per sector – symmetrical positioning (hexagonal) 

	RS placement angle (( ) 
	1 RS per sector - 10° (Mandatory); 0° (Optional) 
2 RSs per sector - 26° (Mandatory); 30° (Optional) 
	6 RSs per sector – symmetrical positioning (hexagonal) 

	MS mobility
	3-120km/hr (as in .16m EMD)
	3-120km/hr (as in .16m EMD)


Table 2 BS equipment model

	Parameter 
	Value

	
	ART RS scenario and BRT RS scenario 

	BS Tx Power per sector
	46 dBm

	Base station antenna height
	32 m

	Number of transmit antennas per sector
	2 (Mandatory)

4 (Optional)

	Number of receive antennas per sector
	2 (Mandatory)

4 (Optional)

	Number of sectors
	3

	Antenna type
	Directional

	Antenna gain (boresight)
	17 dBi

	Antenna 3-dB beamwidth
	700

	Antenna front-to-back power ratio
	30 dB (Mandatory)

20 dB (Optional)

	Antenna spacing
	4λ (Mandatory)

0.5λ (Optional)

	Noise figure
	5 dB

	Cable loss
	2 dB


Table 3 RS equipment model

	Parameter 
	Value

	
	ART RS scenario 
	BRT RS scenario 

	                                                          Relay link

	RS Tx Power
	36 dBm per antenna

	Relay station antenna height
	32m
	10m

	Number of transmit antennas
	1
	2

	Number of receive antennas
	1
	2

	Antenna type
	Directional
	Omni in horizontal plane

	Antenna gain (boresight)
	20 dBi
	3 dBi

	Antenna 3-dB beamwidth
	350
	N/A

	Antenna front-to-back power ratio
	23 dB
	N/A

	Antenna spacing
	N/A
	4λ

	Antenna orientation
	Pointed to BS direction
	Broadside pointed to BS direction

	Noise figure
	5 dB

	Cable loss
	2 dB

	                                                           Access link

	RS Tx Power
	36 dBm per antenna

	Relay station antenna height
	32m
	10m

	Number of transmit antennas
	2

	Number of receive antennas
	2

	Number of sectors
	1

	Antenna type
	Omni in horizontal plane

	Antenna gain (boresight)
	7 dBi

	Antenna spacing
	4λ

	Antenna orientation
	Pointed to BS direction
	Broadside pointed to BS direction

	Noise figure
	5 dB

	Cable loss
	2 dB


Table 4 MS equipment model

	Parameter 
	Value

	
	ART RS scenario and BRT RS scenario 

	MS Tx Power
	23 dBm

	MS antenna height
	1.5 m

	Number of transmit antennas
	1

	Number of receive antennas
	2

	Antenna type
	Omnidirectional

	Antenna gain (boresight)
	0 dBi

	Antenna spacing
	0.5λ

	Noise figure
	7 dB

	Cable loss
	0 dB


14.4 Channel Models

This section describes the channel models used to model propagation conditions between BS, RS, and MS for two the different RS deployment scenarios – ART RS and BRT RS.

The same channel models are used to model both inter-cell and intra-cell propagation conditions.
14.4.1 Pathloss models
The following notation is used in this section: hBS is the BS antenna height, hRS is the RS antenna height and hMS is the MS antenna height.
14.4.1.1 ART RS scenario

Pathloss models for the ART RS scenario are defined in the Table 5.

Table 5 Pathloss models for the ART Relay Scenario
	Link
	Pathloss model

	BS-MS and RS-MS
	Baseline test scenario (Mandatory) (section 3.2.3.8)

	
	Urban Macrocell test scenario (Optional) (section 3.2.3.1).

	
	Suburban Macrocell test scenario (Optional) (section 3.2.3.2)

	BS-RS and RS-RS
	802.16j EVM Type D (Mandatory) [83]

	
	WINNER B5a (Optional) [84, 85]


14.4.1.1.1 BS-MS and RS-MS links

The BS-MS and RS-MS links for the ART RS scenario are typical ART to BRT links. The mandatory pathloss models for the baseline and the optional Urban Macrocell and Suburban Macrocell test scenarios are described in section 3.2.3 and used for BS-MS and RS-MS link simulations without any modifications.

14.4.1.1.2 BS-RS and RS-RS links

BS-RS and RS-RS links are assumed to be LOS ART to ART links and propagation conditions will significantly differ from the BS-MS and RS-MS links. Since there are no suitable channel model scenarios defined in the baseline 802.16m EMD, the pathloss models described in the 802.16j EVM [83] and defined as part of the WINNER II project [84, 85] are proposed to be used.

· IEEE 802.16j EVM Type D pathloss model

This model [83] is a modified IEEE 802.16 pathloss model. It is equal to the free space pathloss up to a breakpoint distance, which is determined by the transmission frequency and the RS antenna height. Beyond the breakpoint, the pathloss exponent increases. This increase is to account for the fact that LOS probability will decrease with distance from the BS. This factor is also important for multi-cell simulations for interference calculations. The pathloss is defined by:
	
[image: image11.wmf]ï

ï

î

ï

ï

í

ì

>

D

+

D

+

÷

÷

ø

ö

ç

ç

è

æ

+

£

÷

÷

ø

ö

ç

ç

è

æ

=

'

 

 

for 

 

]

[

]

[

log

10

'

 

 

for 

 

          

]

[

]

[

4

log

20

]

[

0

0

10

0

10

d

d

PL

PL

m

d

m

d

A

d

d

m

m

d

dB

PL

h

f

g

l

p


	(1)


where 
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This model applicability range is from 100 m to 8 km.

· WINNER B5a pathloss model

This model is used in the WINNER project to describe LOS ART to ART propagation conditions [84, 85]. In this model the signal is assumed to consist of a strong LOS signal and a single bounce reflection. Also far away reflections can occur. The connection is almost like in free space, so the pathloss does not depend noticeably on the antenna heights. The model is applicable for omni-directional antennas for up to 300 meters in distance. By using directive antennas the range can be extended approximately to 8 km.

The pathloss is defined as
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where d is the distance between the two stations and fc is the carrier frequency.

This model applicability range is from 30 m to 8 km. The model can be applied in the frequency range 2 – 6 GHz.

14.4.1.1.3 Summary

A comparison of the pathloss models for the ART RS scenario is shown in Figure 10 for the case of fc= 2.5 GHz for BS-RS, RS-RS 802.16j EVM Type D pathloss model and WINNER B5a pathloss model and BS-MS, RS-MS 802.16m EMD Baseline test scenario pathloss model. Free space pathloss is also shown in Figure 10 for reference.
[image: image19.png]Path loss, dB

200 —————— T T T

— Free space model (LOS)

& —e—BS-RS WINNER B5a model (LOS)

—&—BS-MS 802.16m EVM Baseline model (NLOS)

160

&

120

100

80

60

—o—BS-RS 802.16] EVM Type D model (LOS)

Distance, meters




Figure 10 ART RS pathloss models
14.4.1.2 BRT RS scenario

The pathloss models for the BRT RS scenario are defined in the Table 6.

Table 6 Pathloss models for the BRT RS scenario
	Link
	Pathloss model

	BS-MS
	Baseline test scenario (Mandatory) (section 3.2.3.8)

	
	Urban Macrocell test scenario (Optional) (section 3.2.3.1)

	
	Suburban Macrocell test scenario (Optional) (section 3.2.3.2)

	BS-RS
	Modified Baseline test scenario (Mandatory) [85]

	
	Modified Urban Macrocell test scenario (Optional) [85]

	
	Modified Suburban Macrocell test scenario (Optional) [85]

	RS-MS
	COST-Walfish-Ikegami (Mandatory) [5, 18]

	
	Urban Microcell test scenario (Optional) (section 3.2.3.3) 

	RS-RS
	COST -Walfish-Ikegami [5, 18]


14.4.1.2.1 BS-MS link

The BS-MS link in the BRT RS scenario is a typical ART to BRT link. The mandatory pathloss models for the baseline and optional Urban Macrocell and Suburban Macrocell test scenarios are described in section 3.2.3 and used for the BS-MS link simulations without any modifications.
14.4.1.2.2 BS-RS link

The BS-RS link in the BRT RS scenario is an ART to BRT link. The pathloss models for the mandatory Baseline and optional Urban Macrocell and Suburban Macrocell test scenarios (section 3.2.3) are almost suitable for BS-RS link simulations, but it is obvious that the propagation conditions for the BS-RS link should be less severe than the ones for the BS-MS links. The following approach for the pathloss propagation calculation is proposed. First, the pathloss is calculated for the BS-RS link using one of the specified models using the assumption that hRS = hMS. Second, the pathloss is adjusted based on the hRS value according to the formula 
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An example of such an adjustment is defined in the WINNER B5d channel model [85]. The WINNER B5d channel model is defined for the NLOS stationary feeder and above rooftop to street-level propagation. This model is almost identical to the WINNER C2 Urban Macrocell NLOS model. The only difference is that in the B5d model a small adjustment to the pathloss model is made considering that the RS is located higher than the MS:
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14.4.1.2.3 RS-MS link

The RS-MS link propagation conditions in the BRT RS scenario may be described by a typical Urban Microcell scenario when both RS and MS antennas are located BRT [84]. In the RS-MS link both LOS and NLOS propagation conditions may occur and LOS/NLOS transition conditions need to be introduced for this link.

Two Urban Microcell pathloss models for the RS-MS link are defined for the RS-MS link.

The first is the pathloss model for the Urban Microcell test scenario described in section 3.2.3.3. This model is quite complicated, topology dependent, and designed for fixed values of antenna heights. Therefore, it is reasonable to use a simplified model with generalized topology impact on the performance and more suitable for implementation is SLS tools.

The second model is the COST-Walfish-Ikegami pathloss model [85, 5]. It is recommended to be used for RS-MS link simulations as the mandatory model.

· 802.16m EMD Urban Microcell pathloss model (Optional)

For a detailed description of this model see section 8.3.2.3. The main disadvantage of this model is that it is intended for simulations specifically for Manhattan-grid topologies. This model was designed for fixed values of hRS = 12.5m and hMS = 1.5m and the final pathloss equation does not consider changing those values. Because of these restrictions, this model cannot be used for different values of antenna heights. The LOS model might be applied for frequencies from ultra-high-frequency to microwave bands and distances up to 5 km [18]. No model assumptions for the NLOS case are provided in section 8.2.3.

· Walfish-Ikegami pathloss model (Mandatory)

The proposed pathloss model is based on the COST-Walfish-Ikegami LOS and NLOS models [5, 18] which are defined for cases of TX antennas located ART and BRT. The following set of Walfish-Ikegami model parameters is proposed to be used: Building height 15m, building to building distance 50m, street width 25m, orientation 30˚ for all paths, and selection of metropolitan center. This model is designed for the following assumptions: Carrier frequency is 800 – 2000 MHz, hBS/RS is 4 – 50 m, hMS is 1 – 3 m and distance between nodes is 0.02 – 5 km. For a more detailed description of the COST-Walfish-Ikegami pathloss modebl the reader is referred to [18].

Both LOS and NLOS propagation transmissions might occur in the RS-MS link. Therefore, the LOS probability needs to be defined. We set the LOS probability according to the 3GPP SCM Urban Microcell model [5] where the probability of LOS is defined to be unity at zero distance, and decreases linearly until a cutoff point at d=300m, where the LOS probability is zero:
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14.4.1.2.4 RS-RS link

The RS-RS link is a BRT to BRT link with both antennas located at the same level above ground which is supposed to be high enough relative to the MS location. In the RS-RS link both LOS and NLOS propagation conditions might occur and LOS/NLOS transition conditions need to be introduced for this link.

Although it is obvious that the RS-RS link propagation conditions will be less severe than in the RS-MS links, current investigations have not discovered any proper models for describing the RS-RS link propagation conditions in the Urban Microcell environment.

The urban Microcell pathloss model based on the COST-Walfish-Ikegami LOS and NLOS models [5, 18] is proposed to be temporarily used. This model is valid for receiver station height less than 3 m but it is currently used assuming 10 m receiver height. 
Both LOS and NLOS propagation transmissions might occur over the RS-RS link. Therefore, the LOS probability needs to be defined. The LOS probability model is proposed to be similar to the RS-MS link with cutoff point at d = 700m due to the increased RS height relative to the MS location.

14.4.1.2.5 Summary

The pathloss for default antenna heights, fc = 2.5 GHz, and the BS-MS 802.16m EMD Baseline, BS-RS modified 802.16m EMD Baseline, RS-MS with Walfish-Ikegami Urban Microcell LOS and NLOS, and RS-RS LOS WINNER B5b models is shown in Figure 11. Free space pathloss is also shown in Figure 11 for reference.
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Figure 11 BRT RS pathloss models

14.4.2 Spatial channel models

14.4.2.1 ART RS scenario

The spatial channel models for the ART RS scenario are defined in Table 7
Table 7 Spatial channel models for the ART RS scenario
	Link
	Spatial channel model

	BS-MS and RS-MS
	Baseline test scenario (Mandatory) 

	
	Urban Macrocell test scenario (Optional) 

	
	Suburban Macrocell test scenario (Optional) 

	BS-RS and RS-RS
	WINNER B5a [84, 85]


14.4.2.1.1 BS-MS and RS-MS links

The mandatory baseline and optional Urban Macrocell and Suburban Macrocell test scenario spatial channel models described in section 3 are used for BS-MS and RS-MS link simulations without any modifications.

14.4.2.1.2 BS-RS and RS-RS links

The WINNER B5a clustered delay-line (CDL) model [84] is used as the spatial channel model for BS-RS and RS-RS links. Table 8 and Table 9 provide a short summary of the parameters associated with this channel model.

Table 8 WINNER B5a CDL channel model parameters
	Parameter
	Value

	Power-delay profile
	Exponential (non-direct paths).

	Delay-spread
	40 ns

	K-factor
	10 dB

	XPR
	30 dB

	Doppler
	A peak centered around zero Hz with most energy within

0.1 Hz.

	Angle-spread of non-direct components
	Gaussian distributed clusters with 0.5 degrees intra angle spread.

Composite angle-spread 2 degrees. Same in both

ends.


Table 9 WINNER B5a CDL channel model parameters for clusters
	Cluster #
	Delay [ns]
	Power [dB]
	AoD [°]
	AoA [º]
	K-factor [dB]
	Cluster ASBS= 0.5
	Cluster ASRS= 0.5

	1
	0
	-0.39
	0.0
	0.0
	21.8
	
	

	2
	10
	-20.6
	0.9
	0.2
	- Inf
	
	

	3
	20
	-26.8
	0.3
	1.5
	
	
	

	4
	50
	-24.2
	-0.3
	2.0
	
	
	

	5
	90
	-15.3
	3.9
	0.0
	
	
	

	6
	95
	-20.5
	-0.8
	3.6
	
	
	

	7
	100
	-28.0
	4.2
	-0.7
	
	
	

	8
	180
	-18.8
	-1.0
	4.0
	
	
	

	9
	205
	-21.6
	5.5
	-2.0
	
	
	

	10
	260
	-19.9
	7.6
	-4.1
	
	
	


Some typical channel realizations for the WINNER B5a spatial channel model are shown in Figure 12.
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Figure 12 WINNER B5a channel realizations
14.4.2.2 BRT RS scenario

The spatial channel models for the BRT RS scenario are defined in Table 10.
Table 10 Spatial channel models for the BRT RS scenario
	Link
	Spatial channel model

	BS-MS and BS-RS
	Baseline test scenario (Mandatory) 

	
	Urban Macrocell test scenario (Optional) 

	
	Suburban Macrocell test scenario (Optional) 

	RS-MS
	Urban Microcell test scenario 

	RS-RS
	Modified Urban Microcell test scenario 


14.4.2.2.1 BS-MS and BS-RS links

In this scenario, the propagation conditions of the BS-MS and BS-RS links are assumed to be the same. The mandatory baseline and optional Urban Macrocell and Suburban Macrocell test scenario spatial channel models described in section 3 are used for BS-MS and BS-RS link simulations without any modifications.

14.4.2.2.2 RS-MS link

The Urban Microcell spatial channel model is used in this case without any modifications. 

14.4.2.3 RS-RS link

The Urban Microcell spatial channel model is used in this case. The model parameters are modified in order to ensure symmetry in characteristics of received and transmitted signals: 1) modified per-tap mean angles of arrival are set equal to per-tap mean angles of departure of the initial model; 2) the modified arrival angular spread is set be equal to the departure angular spread of the initial model.
14.4.3 Shadowing models

The shadowing factor (SF) has a log-normal distribution with a standard deviation that is different for different scenarios as shown in Table 11. The values specified in Table 11 have been derived based on the baseline 802.16m EMD, 802.16j EVM, SCM, and WINNER models.

In the ART RS scenario for BS-MS and RS-MS links, the shadowing standard deviation is 8 dB according to the 802.16m EMD Baseline scenario. For BS-RS and RS-RS links, the shadowing standard deviation is 3.4 dB according to the 802.16j EVM Type D [83] and WINNER B5a channel models [84].

In the BRT RS scenario for the BS-MS link the shadowing standard deviation is 8 dB according to the 802.16m EMD Baseline scenario. For the BS-RS link the shadowing standard deviation is 4 dB because “pre-planned” RS placement by operators is assumed. This ensures better propagation conditions than for typical BS-MS links in which MSs are assumed to be randomly located. For the RS-MS and RS-RS links, the shadowing standard deviation is 4 dB for NLOS and 3 dB for LOS propagation according to the 802.16m EMD and the WINNER Urban Microcell channel models [84].

Table 11 Shadowing standard deviation

	
	BS-RS
	BS-MS
	RS-RS
	RS-MS

	ART RS
	3.4 dB
	8 dB
	3.4 dB
	8 dB

	BRT RS
	4 dB
	8 dB
	NLOS: 4 dB

LOS: 3 dB
	NLOS: 4 dB

LOS: 3 dB


The correlation model for shadow fading is the same as the one described in the 802.16m EMD, but the correlation distance for shadowing is corrected according to Table 12. The parameters in Table 12 have been derived based on the 802.16m EMD baseline models, 802.16j EVM, SCM, and WINNER models.

In the ART RS scenario for BS-MS and RS-MS links, the shadowing correlation distance is chosen to be 50 m according to the 802.16m EMD Baseline scenario. For the BS-RS and RS-RS links, the shadowing correlation distance is chosen to be 40 m according to typical values of the LOS correlation distance given in WINNER [84].

In the BRT RS scenario for the BS-MS and RS-MS links, the shadowing correlation distance is chosen to be 50 m according to the 802.16m EMD Baseline scenario. For the BS-RS and RS-RS links, the shadowing correlation distance is chosen to be 12 m for NLOS and 14 m for LOS conditions according to typical values of correlation distance given in the 802.16m EMD and WINNER [84] for Urban Microcell scenarios.

Table 12 Correlation distance for shadowing

	
	BS-RS
	BS-MS
	RS-RS
	RS-MS

	ART RS
	40 m
	50 m
	40 m
	50 m

	BRT RS
	50 m
	50 m
	NLOS: 12 m

LOS: 14 m
	NLOS: 12 m

LOS: 14 m


The shadow fading cross correlation properties for all types of links are summarized in Table 13 and Table 14. Tables 13 and 14 describe the cross correlation values for the ART RS and BRT RS deployment scenarios, respectively. For the Mixed ART and BRT RS scenario the cross correlation values can be extracted from Table 13 and Table 14 except for the cross correlation coefficient for ART RS and BRT RS links. The correlation properties of these links are assumed to be the same as for the links between BS and BRT RS.
Table 13 Shadow Fading Correlation in ART RS scenario

	Link 1
	Link 2
	Correlation between Links 1 and 2

	BS→MS(i)
	BS→MS(j)
	Derived from distance between MSs (correlation distance - 50 m)

	MS→BS(i)
	MS→BS(j)
	0.5 

	BS→RS(i)
	BS→RS(j)
	0 (due to large distance between different RSs)

	RS→BS(i)
	RS→BS(j)
	0 (due to large distance between different BSs)

	RS→MS(i)
	RS→MS(j)
	Derived from distance between MSs (correlation distance – 50 m)

	MS→RS(i)
	MS→RS(j)
	0.5 (similar to BS-MS links)

	MS→BS(i)
	MS→RS(j)
	0.5 (similar to BS-MS links)

	RS→RS(i)
	RS→RS(j)
	0 (because distance between RSs is much larger than correlation distance equal to 40 m)


Table 14 Shadow Fading Correlation in BRT RS scenario

	Link 1
	Link 2
	Correlation between Links 1 and 2

	BS→MS(i)
	BS→MS(j)
	Derived from distance between MSs (correlation distance – 50 m)

	MS→BS(i)
	MS→BS(j)
	0.5 

	BS→RS(i)
	BS→RS(j)
	0 (because distance between RSs is much larger than correlation distance equal to 50m) 

	RS→BS(i)
	RS→BS(j)
	0.5 (similar to BS-MS links)

	RS→MS(i)
	RS→MS(j)
	Derived from distance between MSs (correlation distance – LOS 14 m, NLOS- 12 m)

	MS→RS(i)
	MS→RS(j)
	0 (due to large distance between different BRT RSs and independency of different MS-RS links)

	MS→BS(i)
	MS→RS(j)
	0 (due to large distance between different BRT RSs and BSs and independency of MS-RS and MS-BS links)

	RS→RS(i)
	RS→RS(j)
	0 (because distance between RSs is much larger than correlation distance equal to 12 – 14 m)


14.4.4 Summary

Table 15 Summary of pathloss and channel models
	BS-RS link
	ART RS scenario 
	BRT RS scenario 

	Penetration Loss
	0dB
	0 dB

	Pathloss Model
	IEEE 802.16j EVM Type D pathloss model (Mandatory)

WINNER B5a (Optional)
	Modified Baseline Model (Mandatory)

Modified Urban and Suburban Macrocell  (Optional)

	Lognormal Shadowing Standard Deviation
	3.4dB
	4 dB

	Correlation Distance for Shadowing
	40m
	50m

	Channel Mix
	Single static channel
	Single static channel

	Spatial Channel Model
	WINNER B5a
	Baseline Model (Mandatory)

Urban and Suburban Macrocell (Optional)

	RS-RS link
	
	

	Penetration Loss
	0dB
	LOS: 0 dB

NLOS: 10 dB

	Pathloss Model
	IEEE 802.16j EVM Type D pathloss model (Mandatory)

WINNER B5a (Optional)
	Walfish-Ikegami LOS and NLOS pathloss models (Mandatory) (To be further modified)


	Lognormal Shadowing Standard Deviation
	3.4dB
	NLOS: 4dB

LOS: 3dB

	Correlation Distance for Shadowing
	40m
	NLOS: 12m

LOS: 14m

	Channel Mix
	Single static channel
	Single static channel

	Spatial Channel Model
	WINNER B5a
	Modified Urban Microcell



	RS-MS link
	
	

	Penetration Loss
	10dB
	LOS: 0 dB

NLOS: 10 dB

	Pathloss Model
	Baseline Model (Mandatory)

Urban and Suburban Macrocell (Optional)
	Walfish-Ikegami LOS and NLOS pathloss models (Mandatory) 

Urban Microcell (Optional)

	Lognormal Shadowing Standard Deviation
	8dB
	NLOS: 4dB

LOS: 3dB 

	Correlation Distance for Shadowing
	50m

50% BSs, RSs correlation


	NLOS: 12m

LOS: 14m 

	Channel Mix
	ITU Pedestrian B and Vehicular A channel models

ITU PB 3kmph - 60%

ITU VA 30kmph - 30%

ITU VA 120kmph – 10%


	Urban Microcell

3kmph – 60%

60kmph – 30%

120kmph – 10%

	Spatial Channel Model
	Baseline model (Mandatory)

802.16m EMD Urban and Suburban Macrocell (Optional)
	Urban Microcell



	BS-MS link
	
	

	Penetration Loss
	10dB
	10dB

	Pathloss Model
	Baseline model (Mandatory)
Urban and Suburban Macrocell (Optional) 
	Baseline model (Mandatory)
Urban and Suburban Macrocell (Optional) 

	Lognormal Shadowing Standard Deviation
	8dB 
	8dB 

	Correlation Distance for Shadowing
	50m

50% BSs correlation
	50m

50% BSs correlation

	Channel Mix
	802.16m ITU Pedestrian B and Vehicular A channel models

ITU PB 3kmph - 60%

ITU VA 30kmph - 30%

ITU VA 120kmph – 10%


	802.16m ITU Pedestrian B and Vehicular A channel models

ITU PB 3kmph - 60%

ITU VA 30kmph - 30%

ITU VA 120kmph – 10%



	Spatial Channel Model
	Baseline model (Mandatory)

Urban and Suburban Macrocell (Optional)


	Baseline model (Mandatory)

Urban and Suburban Macrocell (Optional)



	Error Vector

Magnitude (EVM)
	Ideal
	Ideal


14.5 Relaying Model 

14.5.1 Non-transparent relay model (mandatory) 

The non-transparent relay model should be used to analyze the performance of .16m with relays. Non-transparent relaying assumes that MSs synchronize with relays via preamble and MAPs broadcast by the relays. It is assumed that MAPs and data transmissions can be performed simultaneously by the BS and RSs within a sector. 

14.5.2 Transparent relay model (optional)
For the transparent relaying technique, the MS may not know about the existence of the relays. The MSs should be able to successfully receive the DL MAP from the BS, but the useful data transmission may be done through relays.

The performance of the transparent relaying mode may be investigated in addition to the mandatory non-transparent regime.

14.5.3 Relays frame structure and resource allocation
14.5.3.1 Two-hop scenario
It is assumed that the BS and RSs operate synchronously, sharing the frame resources or reusing them. The frame is divided into a number of partitions in the frequency domain. Each partition may be occupied by BS-RS, BS-SS or RS-SS transmission. 
A generalized TDD frame structure for the two hop scenario is shown in Figure 13. This structure is consistent with the two hop frame structure for both frame structure options currently specified in the .16m SDD. 
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Figure 13 TDD frame structure with relays support
14.6 Simulation Procedure and Flow

The simulation procedure of the 16m system with relays is based on the simulation procedure described in Section 11. In this section we highlight the areas in which this procedure is amended to support relay. 
The simulation procedure described in Section 11 is specified as a list of 13 points. The simulation procedure for relay complies with the following of those points: 2, 3, 4, 7, 8, 9, 11, and 12. 

A 19 cell topology is used as the baseline network topology for .16m system level simulations with relays. A center cell approach is used. Performance metrics are calculated for the three sectors of the center cell. The following procedures are unique to relay system level simulation.
· Deployment 
· RSs are placed within each sector in accordance with the selected deployment scenario (see Section 14.‎14.1). 
· MSs are dropped according to the specification in Section 11.
· Pathloss, shadow fading, and antenna patterns are calculated for all possible links between MSs, RSs, and BSs.  

· MS Association
· MSs are associated with BSs and RSs based on relative SNR as described in Section ‎14.8
· Interference environment generation

· For each MS selected for scheduling, the set of interferers is specified in accordance with the desired interference environment. 

· After determining the interferer set, the interference environment is created using the methods described in Section ‎14.7.
· Signal Processing
· Channel transfer functions are generated for the analyzed and interfering links 
· Post-processing SINR is calculated using the specified signal processing techniques (section 14.4). For the BS-RS links, some additional advanced MIMO techniques may be used.
· PER is calculated using the PHY abstraction for each partition in the frame. The MCS is selected for each quantum as the maximum order MCS capable maintaining the target PER, e.g., PER = 10-1.
· Scheduling
· The generic proportional fair scheduler specified in appendix F, is used for allocation of the resources.
· The access link is simulated explicitly. The relay link is assumed to be fairly static and relay link resources for all relay link transmissions are determined for using an average spectral efficiency value for the relay link.
14.7 Interference Modeling on Access Link

Interference on the access link may come from BSs and RSs in other sectors as well as from the BS and RS within the sector in the DL mode and from the MSs associated to BSs and RSs in the UL. Interfering stations within the sector are determined based on the relay mode that is selected for a given transmission. Interfering stations from other sectors can be determined based on the interference environment setup, specific for each zone within a frame structure.

The interference level and characteristics for each zone are determined by the probability of interference from the BS and RSs in other sectors. The interference model is parameterized by the probabilities that the BS and RSs within other sectors are transmitting at any given time. The interference level is calculated independently for each subchannel using the specified probabilities to determine if a given BS or RS is transmitting or is idle within that subchannel. 
It is assumed that all interfering links use the same subchannelization scheme (localized or distributed) as the analyzed link in the home cell/sector. The distributed subchannelization scheme is mandatory and the localized is optional.

The following algorithm is used to calculate interference:

· Cycle through all interfering cell/sectors (and associated to that sector relays)

· Cycle through all subchannels of the interfering sector/relay

· For each subchannel, randomly determine the mode of its state on the base of pre-defined probability

· Calculate the total interference power for each subchannel independently
The following probabilities are defined for the two hop frame structure shown in Figure 13. 
For the BS-MS/RS-MS transmission zone (first zone in Figure 13), in the one relay per sector configuration (Section 14.2.1.1), the probabilities are:

· PBSactive = 1

· PRSactive = 1

For the BS-MS/RS-MS transmission zone (first zone in Figure 13), in the two relays per sector configuration (Section 14.2.1.2), the probabilities are:

· PBSactive = 1 
· PRSactive = 1

For the BS-RS/BS-MS transmission zone (second zone in Figure 13), the probabilities are:

· PBSactive =1

· PRSactive =0

These probabilities correspond to the worst case scenario in which the system is 100% loaded and all stations transmit the entire time. Although this is not necessarily a realistic scenario it is simple and represents a limit case. The determination of more realistic transmission probabilities is left for further study. 
In the UL mode, one interfering MS is chosen randomly (or in accordance with a specific algorithm) from the multiple ones associated with the corresponding BSs/RSs for each quantum independently.

System level simulations for WiMAX with relays should be able to evaluate the performance of localized resource allocation schemes which should be exploited for low-mobility MSs. In this case for each localized resource allocation, the interference level should be static over all simulated frames within a trial. This means that the set of interferers (BSs, RSs for the DL or MSs for the UL) for that channel should be the same from frame to frame (within a trial), although the value of channel gains may change slowly over time. For each trial in the UL mode, the set of interferers is randomly chosen from the associated MSs to the corresponding BSs/RSs.
14.8 MS Association

MS association is the procedure of selecting the BS or RS each MS within the desired sectors will associate with. MSs are assigned to the BS or an RS according to the following procedure:

· Estimate of the received signal strength (SNR) for each MS in the deployment delivered from each access station (BS and RS) of the deployment

· Associate the MS with the BS or RS delivering the maximum received signal strength. The set of MSs associated to a certain sector of the BS consists of the MSs assigned to the BS and MSs assigned to the RSs of that sector

· Final association to the BS or RSs is performed on the base of effective throughput/spectral efficiency metrics, taking into account the relay link overhead for transmission via relay. For some implementation of centralized scheduling, the decision about BS/RS assignment may be done on a per-frame basis.
14.9 Scheduling

The generic proportional fair scheduler specified appendix F is used for allocation of the resources. The number of active users and partitions is adjusted to better model the interactions between the BS and RSs. In order to remain as compliant as possible with the .16m EMD, the number of the resource partitions should be about half the number of active MSs. In the frame, each MS may occupy only one quantum.
14.9.1 Frame partitioning

Note: The contents of this section are still for further study. It is clear that the number of partitions must be increased for the case of relay (above the 5 partitions used for the baseline case), but the manner in which overhead should be accounted for in the case of relay is still TBD and specific number of partitions may need to be adjusted after further study.

For centralized and distributed scheduling approaches, the frame is divided into 20 [TBD] partitions. Ten partitions are allocated in the first subframe and another ten – in the second subframe (see Figure 13). 
For example, assuming the duration of the subframe (zone) equal to 6 symbols, and the number of subchannels in frequency domain equal to 30, each partition may consist of 6 symbols in TD and 3 symbols in FD, or 6 subchannels in FD and 3 symbols in TD
14.9.2 Distributed scheduling
Distributed scheduling can be used only with non-transparent relay. In the distributed scheduling mode, the .16m frame is partitioned into zones assigned for the BS and RSs transmissions respectively (or for the transmissions of the subscribers, associated to the BS and RSs in the UL mode). 

MSs associated with the BS are scheduled to use the resources designated for the BS-MS transmissions, MSs associated with the RSs are independently scheduled to use the resources designated for RS-MS transmissions. Scheduling of the subscribers associated with the BS and each of the RSs is performed independently by the different scheduler instances.
Distributed scheduling may use pre-defined fixed size zones, allocated to the BS and RSs. The size of these zones may be set to the values that are convenient from the point of view of the given frame structure, or to the values that are optimal in some average sense. Zones may be sized proportionally to the BS/RSs loading (the number of subscribers associated with the certain access station or MS throughput requirements).
For the case of fixed allocations for the BS and RS transmissions, the following parameters should be used:

· BS-MS, RS-MS simultaneous modes: 100% of the first zone (Figure 13)

· BS-RS mode: the size is calculated based on the amount of data through relays in the first zone

· BS division mode: occupies the remainder of resources in the second zone
14.9.2.1 Distributed scheduling parameters
· The whole .16m DL subframe (two first zones of the frame in Figure 13) is divided into 20 partitions (the same for the UL subframe). The partitions are assigned to BS and RSs, in accordance with resource requirements or number of MSs associated with the BS and RSs, respectively. For example 15 partitions may be assigned to the BS and 5 to the RS, for one relay per sector scenario
· 40 MSs are selected for scheduling from the sets of MSs assigned to the BS and RSs, keeping the initial association proportion (see Section 14.8). For example, if 750 MSs were associated with the BS and 250 were associated with the RS, then 30 subscribers would be assigned to the BS and 10 to the RS, in the one relay per sector scenario.
· Proportional fair schedulers are independently used for scheduling both BS and RSs transmissions.

· The BS-RS transmission zone size is fixed. RSs within a sector share the relay link resources evenly, or reuse them with the help of spatial multiplexing techniques. After reaching the given relay overhead limit, MSs cannot be scheduled by the RSs.
14.9.3 Centralized scheduling
Centralized scheduling can be used with non-transparent and transparent relays. When used with non-transparent relays, the frame is partitioned into relay and access zones. When used with transparent relays, the split between relay and access zones is dynamically determined by the scheduler on a frame-by-frame basis. In the centralized scheduling mode, the whole frame (.16m part of the frame) is reused or shared between the BS and RSs. It is assumed that the scheduling algorithm realized at the BS has access to channel state information (CSI) for each user in each allowed relaying mode. Generally, the CSI should be delayed by a few frames to indicate the frame exchange delay. CSI for relaying modes may be delayed more than the CSI for BS modes.

The scheduling algorithm allocates the frame resources on a per-frame basis to the subscribers taken from the common pool in each sector. When used in transparent relay, the centralized scheduler, in addition to the MCS selection and frequency subchannel allocation, may also assign an MS either to the BS or to one of the RSs, coordinating the allocations to optimize resource usage.
14.9.3.1 Centralized scheduling parameters
· The proportional fair algorithm is used for MCS/relaying mode/allocation selection.

· 20 partitions in a frame, 40 MSs for scheduling in each trial

· Relay Zone (BS-RS transmission) reserved by the PF scheduler in every frame. 

· For an increased number of relays, the number of scheduled MSs may be proportional to the number of RSs. The number of partitions in a frame should be twice less than the number of MSs to be scheduled (TBD).
14.9.4 Relay HARQ 

HARQ transmission is scheduled in the same way as usual packet transmission. This implies the route for the HARQ retransmission determined by the scheduler (either distributed or centralized). Also, the BS-RS link overhead should not be taken into account when HARQ retransmission occurs through the same relay as the original transmission. Relay HARQ can also be a part of centralized or partial-centralized scheduling, by employing different scheduling priorities to HARQ transmissions
14.10  Performance metrics

Most of the performance metrics proposed in section 13 can be applied to the relay case without any additions, since they are derived from the user data throughput (Section 13.2.1.1). The users are scheduled on a per-frame basis; the resources of each frame are distributed between access (BS-MS, RS-MS) and relay (BS-RS) links. The relay link overhead is automatically taken into account in a user data throughput metric since part of frame resources are given to a BS-RS link by the scheduler. Therefore, definition of the basic performance metrics, such as user throughput and sector throughput are the same as in section 13.
Spectral efficiency metrics and cell/sector throughput metrics should be considered in the sense of aggregate sector throughput going through the BS (including useful traffic from all RSs in the sector). Coverage/capacity tradeoff and latency metrics are specifically important for the relay performance analysis. Both that metrics are covered by Section 13, but for relays, that metrics should be described here in more detail [TBD].
[Insert the following text at the end of the References section on page 16, line 32 of the 16m EMD:]
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[84] IST-4-027756 WINNER II, D1.1.2 v1.2, “WINNER II Channel Models”, September 2007, https://www.ist-winner.org/
[85] IST-2003-507581 WINNER, D5.4 v. 1.4, “Final Report on Link Level and System Level Channel Models”, November 2005, https://www.ist-winner.org/









� In a frequency reuse pattern of NxSxK, the network is divided into clusters of N cells (each cell in the cluster has a different frequency allocations), S sectors per cell, and K different frequency allocations per cell.
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