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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

Two basic scenarios with RSs are defined for the purpose of system level simulations: 
· Above Rooftop (ART) RS scenario (Mandatory)
· 
· Two relays per sector 
· Below Rooftop (BRT) RS scenario 
· Specific scenario if for further study

· 
· 
· 
Additional scenarios may be defined in the future.

Detailed descriptions of these scenarios are given in Sections 14.2.1-14.2.2.
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 
The ART RS scenario assumes that BS and RS are located above rooftop (ART) while the MSs are located below rooftop (BRT) (Figure 2727).
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Figure 27: 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 simulation results 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. Section 14.2.1.1 provides 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. 
14.2.1.1 





	

	




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 Figure28. 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 values of r and (  for the BS equipped with 2 antenna elements are TBD. 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.
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Figure28: Сell structure for two ART RSs per sector

Figure 29 illustrates the deployment scenario with two ART RSs per sector for the default RS placement angle of 260 in a 19 cell topology.
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Figure29: ART deployment scenario with two RSs per sector and default RS placement angle (260)
14.2.2 Below Rooftop RS Scenario 
14.2.3 The details of this scenario are left for further study.









14.2.4 


14.2.4.1 





14.2.4.2 





14.3 Basic Parameters
Table 47 Test scenarios
	Scenario/ parameters
	ART RS scenario 
	BRT RS scenario 

	Carrier Frequency
	See Baseline configuration (table 3)
	

	Operating Bandwidth
	See Baseline configuration (table 3)

	


	Frequency Reuse
	1x3x1 (required) 

	

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

3.0km (optional)
	


	RS placement distance (r)
	
2 RSs per sector - 3/8 of site-to-site distance 
	

	RS placement angle (( ) 
	
2 RSs per sector - 26° (Default); 30° (Optional) 
	

	MS mobility
	See Baseline configuration (table 3)
	


Table 48 BS equipment model

	Parameter 
	Value

	
	ART RS and BRT RS scenario 

	BS Tx Power per sector
	See table 4

	Base station antenna height
	See table 4

	Number of transmit antennas per sector
	2 (Mandatory)

4 (Optional)

	Number of receive antennas per sector
	2 (Mandatory)

4 (Optional)

	Number of sectors
	See table 4

	
	

	Antenna gain (boresight)
	See table 4

	Antenna 3-dB beamwidth
	See table 4

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

20 dB (Optional) (See table 4)

	Antenna spacing
	4λ (Mandatory) (See table 4)
0.5λ (Optional)

	Noise figure
	See table 4

	Cable loss
	See table 4


Table 49 RS equipment model

	Parameter 
	Value

	
	ART RS scenario 
	

	                                                          Relay link

	RS Tx Power
	36 dBm per antenna

	Relay station antenna height
	32m
	

	Number of transmit antennas
	1
	

	Number of receive antennas
	1
	

	Antenna type
	Directional
	

	Antenna gain (boresight)
	20 dBi
	

	Antenna 3-dB beamwidth
	200
	

	Antenna front-to-back power ratio
	23 dB
	

	Antenna spacing
	N/A
	

	Antenna orientation
	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
	

	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
	

	Noise figure
	5 dB

	Cable loss
	2 dB



	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


See table 5 for MS equipment model
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 50.

Table 50 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]

	
	


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] is 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:
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This model applicability range is from 100 m to 8 km.
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14.4.1.1.3 
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14.4.1.2.1 

14.4.1.2.2 
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14.4.1.2.4 




14.4.1.2.5 



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 51. 
51. 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 52Table  and Table 53provide a short summary of the parameters associated with this channel model.

Table 52 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 53 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
	
	
	





14.4.2.2 


	
	

	
	

	
	

	
	

	
	

	
	


14.4.2.2.1 

14.4.2.2.2 

14.4.2.3 

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 54. 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].


Table 54 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
	
	
	

	



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 55. The parameters in Table 55 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].


Table 55 De-correlation distance for shadowing

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

	ART RS
	40 m
	50 m
	40 m
	50 m

	BRT RS
	
	
	

	



The shadow fading cross correlation properties for all types of links are summarized in Table 56. Tables 13 describes the cross correlation values for the ART RS scenario.. 
Table 56 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)



	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


14.4.4 Summary

Table 57 Summary of pathloss and channel models
	BS-RS link
	ART RS scenario 
	BRT RS scenario 

	Penetration Loss
	0dB
	

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


	


	Lognormal Shadowing Standard Deviation
	3.4dB
	

	De-correlation Distance for Shadowing
	40m
	

	Channel Mix
	Single static channel
	

	Spatial Channel Model
	WINNER B5a
	


	RS-RS link
	
	

	Penetration Loss
	0dB
	


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


	


	Lognormal Shadowing Standard Deviation
	3.4dB
	


	De-correlation Distance for Shadowing
	40m
	


	Channel Mix
	Single static channel
	

	Spatial Channel Model
	WINNER B5a
	


	RS-MS link
	
	

	Penetration Loss
	10dB
	


	Pathloss Model
	Baseline Model (Mandatory)

Urban and Suburban Macrocell (Optional)
	


	Lognormal Shadowing Standard Deviation
	8dB
	


	Correlation Distance for Shadowing
	50m

50% BSs, RSs correlation


	


	Channel Mix
	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)

802.16m EMD Urban and Suburban Macrocell (Optional)
	


	BS-MS link
	
	

	Penetration Loss
	10dB
	

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


	Lognormal Shadowing Standard Deviation
	8dB 
	

	Correlation Distance for Shadowing
	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%


	





	Spatial Channel Model
	Baseline model (Mandatory)

Urban and Suburban Macrocell (Optional)


	



	Error Vector

Magnitude (EVM)
	Ideal
	


14.5 Relaying Model 

14.5.1 The relaying model that is recommended for relay simulations is left for further study. 

14.5.2 




14.5.3 Relay 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-MS or RS-MS transmission. 
See the SDD for a description of the relay frame structure.




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. 


· Deployment 
· RSs are placed within each sector in accordance with the selected deployment scenario (see Section ‎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 as described in Section ‎14.7
· 
· 
· 
· 
· 
· 
· 
· Scheduling
· The generic proportional fair scheduler specified in appendix F, is used for allocation of the resources.
· The access link is simulated explicitly. It may or may not be necessary to simulate the relay link explicitly as the relay link is assumed to be fairly static in the ART test scenario. More study is required to specify the simulation procedure for the relay link. 
14.7 




· 
· 
· 
· 


· 
· 

· 
· 

· 
· 



14.8 MS Association

MS association is the procedure of selecting the BS or RS each MS within the desired sectors will associate with. A default procedure should be specified here. The specifics of such a procedure are left for further study. One potential method is to assign MSs 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 sector (BS or RS) delivering the maximum received signal strength. 
· Final association to the BS or RSs may be performed on the base of effective throughput/spectral efficiency metrics, taking into account the relay link overhead for transmission via relay. This final association models the process by which the BS and RSs perform load-balancing within the sector. The definition of effective throughput is for further study.
Other schemes for MS Association can be used as long as the details of the scheme are described in sufficient detail in order to allow other members to duplicate the simulation in order to verify the results.
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 may need to be adjusted to better model the interactions between the BS and RSs. Distributed and centralized scheduling models should be defined. The details of scheduling are left for further study.


14.9.1 



14.9.2 




· 
· 
· 
14.9.2.1 
· 
· 
· 
· 
14.9.3 


14.9.3.1 
· 
· 
· 
· 
14.9.4 

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 metrics are covered by Section 13, but specific definition is required for relays. The 16j EVM [83] specifies a Combined Coverage and Capacity metric (section 4.2.1). This metric may be used as the basis for a coverage/capacity tradeoff metric for 16m relay. Details of how to apply this metric to 16m relay are left for further study. 
[Insert the following text at the end of the References section on page 16, line 32 of the 16m EMD:]
 [83] IEEE 802.16j-06/013r3, “Multi-hop System Evaluation Methodology (Channel Model and Performance Metric)” February 2007, http://ieee802.org/16/
[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.





�Propose that we remove this as the transparent model has not been discussed in the SDD.
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