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Manhattan deployment Scenario Definition for Relay Evaluation Methodology 

Alexander Maltsev, Jerry Sydir, Andrey Pudeyev, 
Andrey Chervyakov, Vadim Sergeyev, Alexey Khoryaev, Alexei Davydov
Intel Corporation
Introduction

In urban areas with rectangular grid structure it may be advantageous to place cellular BSs under the roofs (BS antennas are mounted on lamp posts or small buildings). This model is known as “Manhattan deployment” and is targeted at providing street and indoor users coverage. The employment of the relay stations in such networks can provide significant benefit by enabling the better coverage in the areas out of the BS coverage. 
This contribution introduces additional Manhattan deployment scenario for the Section 14 (Relay evaluation methodology) of the 16m EMD. It provides the description of the network consisting of the below rooftop BSs and RSs in Manhattan grid deployment. In the text below we provide simulation parameters and channel models for this scenario.
Text Proposal
[Make the following modifications to the text in section 14.1 of the 16m EMD document:]

14.1 Test Scenarios

Two Three basic scenarios with RSs are defined for the purpose of system level simulations: 

· Above Rooftop (ART) RS scenario 

· Two relays per sector

· Below Rooftop (BRT) RS scenario 

· Specific scenario if for further study

· Manhattan deployment scenario (Optional)
Additional scenarios may be defined in the future. Detailed descriptions of these scenarios are given in Sections 14.1.1 and 14.1.2 and 14.1.3.

In all of the ART and BRT scenarios, cells are partitioned into three sectors, as is specified in Section 2 Many of the parameters and procedures previously specified in this document are used in these scenarios. In this section we specify the modifications and additions to these procedures required to support relay simulation studies.
[Insert the following text and figures as section 14.1.3 (after section 14.1.2) in the 16m EMD:]
14.1.3 Manhattan deployment Scenario 
In this scenario the BS/RS/MS are located below rooftop (see Figure X1).
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Figure X1 Manhattan deployment scenario propagation conditions
Manhattan grid network deployment complements the hexagonal deployments modeled by the ART and BRT test scenarios. The deployment is adapted to the square street raster. In this scenario employing BRT RSs provides additional coverage in the streets that are out of the BS coverage area. This scenario assumes a specific BS equipment model whose parameters are aligned with the specific signal propagation environment which exists in a Manhattan grid deployment. The BS is placed BRT in a street intersection and has 4 sectors with directional antennas towards the streets, creating four main axes. The RSs are equipped with directional antennas pointing to the direction of the relay link source (the BS for the first tier RSs) and are placed on the main axes. They also have small directional antennas for the access links, such to illuminate the streets perpendicular to the main axes.

Different variants of the deployment of the BSs and the RSs can be used for evaluation of Manhattan grid network deployment. Figures X2, X3 and X4 show some realistic scenarios.

Figure X2 shows single cell of the Manhattan deployment scenario with one relay per BS sector.
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Figure X2 Manhattan deployment scenario cell with 1 BRT RS per sector
Figure X3 shows single cell of the Manhattan deployment scenario with 2 relays per BS sector.
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Figure X3 Manhattan deployment scenario cell with 2 BRT RSs per sector

Figure X3 shows single cell of the Manhattan deployment scenario with 3 relays per BS sector.
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Figure X4 Manhattan deployment scenario cell with 3 BRT RSs per sector

More detailed parameters of the Manhattan grid deployment, such as typical network sizes, multi-cell structure and others are FFS.
[Make the following modifications to the text in section 14.2 of the 16m EMD document:]

14.2 Basic Parameters

Table 46 Test scenarios
	Scenario/ parameters
	ART RS scenario 
	BRT RS scenario 
	Manhattan deployment scenario

	Carrier Frequency
	Baseline configuration (Table 3)



	Operating Bandwidth
	Baseline configuration (Table 3)



	Frequency Reuse
	1x3x1 (required) 


	Number of RS per sector
	2


	
	1, 2, 3

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

3.0km (optional)
	
	TBD

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



	RS placement 

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

	MS mobility
	Baseline configuration (Table 3)


Table 47 BS equipment model

	Parameter 
	Value

	
	ART RS and BRT RS scenario 
	Manhattan deployment scenario (Optional)

	BS Tx Power per sector
	Refer to Table 4
	46 dBm (Refer to Table 4)

36 dBm (Optional)

	Base station antenna height
	Refer to Table 4
	12.5 m (Refer to Table 60)

	Number of transmit antennas per sector
	2 (Mandatory)

4 (Optional)

	Number of receive antennas per sector
	2 (Mandatory)

4 (Optional)

	Number of sectors
	Refer to Table 4
	4 oriented along the streets

	Antenna gain (boresight)
	Refer to Table 4
	TBD

	Antenna 3-dB beamwidth
	Refer to Table 4
	TBD

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

20 dB (Optional) (Refer to Table 4)
	TBD

	Antenna spacing
	4λ (Mandatory) (Refer to Table 4)

0.5λ (Optional)

	Noise figure
	Refer to Table 4

	Cable loss
	Refer to Table 4


Table 48 RS equipment model

	Parameter
	Value

	
	ART RS scenario 
	BRT RS scenario
	Manhattan deployment scenario 

	                                    Relay link

	RS Tx Power
	36 dBm per antenna
	
	36 dBm per antenna (Mandatory)

27 dBm per antenna (Optional)

	Relay station antenna height
	32m
	
	10 m

	Number of transmit antennas
	1
	
	1

	Number of receive antennas
	1
	
	1

	Antenna type
	Directional
	
	Directional

	Antenna gain (boresight)
	20 dBi
	
	20 dBi

	Antenna 3-dB beamwidth
	200
	
	200

	Antenna front-to-back power ratio
	23 dB
	
	23 dB

	Antenna spacing
	N/A
	
	N/A

	Antenna orientation
	Pointed to BS direction
	
	Pointed to the link’s source direction (BS or another RS)

	Noise figure
	5 dB

	Cable loss
	2 dB

	                                    Access link

	RS Tx Power
	36 dBm per antenna
	
	36 dBm per antenna (Mandatory)

27 dBm per antenna (Optional)

	Relay station antenna height
	32m
	
	10 m

	Number of transmit antennas
	2 
	
	TBD

	Number of receive antennas
	2 
	
	TBD

	Number of sectors
	1
	
	4 oriented along the streets (or less)

	Antenna type
	Omni in horizontal plane
	
	Directional

	Antenna gain (boresight)
	7 dBi
	
	TBD

	Antenna 3-dB beamwidth
	N/A
	
	TBD

	Antenna front-to-back power ratio
	N/A
	
	TBD

	Antenna spacing
	4λ
	
	TBD

	Antenna orientation
	pointed to BS direction
	
	TBD

	Noise figure
	5 dB

	Cable loss
	2 dB


[Insert the following text and figures after section 14.3.1.1 in the 16m EMD document:]
14.3.1.2 Manhattan deployment scenario 
The pathloss models for the Manhattan deployment scenario are defined in the Table X1.

Table X1 Pathloss models for the Manhattan deployment scenario

	Link
	Pathloss model

	BS-MS and RS-MS
	Urban Microcell propagation:

Urban Microcell test scenario pathloss model (Mandatory) (Refer to section 3.2.3.3)
WINNER B1 Urban Microcell pathloss model (Optional) [84]

	
	Outdoor to Indoor propagation:

Outdoor to Indoor test scenario pathloss model (Optional) (Refer to section 3.2.3.6).

	BS-RS and RS-RS
	Urban Microcell test scenario pathloss model (Mandatory) (Refer to section 3.2.3.3)
WINNER B1 Urban Microcell pathloss model (Optional) [84]


14.3.1.2.1 BS-MS and RS-MS links
Two propagation sub-scenarios for BS-MS and RS-MS links are considered – Urban Microcell propagation scenario when MSs are located outdoors, and Outdoor to Indoor propagation scenario when MSs are located inside the buildings.

In the case when MSs are located outdoors the BS-MS and RS-MS link propagation conditions in the BRT RS scenario may be described by a typical Urban Microcell propagation scenario with both BS/RS and MS antennas located BRT [84]. Urban Microcell test scenario pathloss model described in section 3.2.3.3 and based on the assumption of the Manhattan grid topology can be used for simulations of these links as the mandatory model. Optionally, WINNER B1 Urban Microcell pathloss model [84] can be used.
In the case when MSs are located indoors the optional Outdoor to Indoor test scenario pathloss model (Section 3.2.3.6) can be used for BS-MS and RS-MS links simulations.
14.3.1.2.2 BS-RS and RS-RS links

The BS-RS and RS-RS links are BRT to BRT links with both antennas located at almost the same level above ground which is supposed to be high enough relative to the MS location.
Although it is obvious that the BS-RS and RS-RS links propagation conditions can be less severe than in the BS-MS and RS-MS links, current investigations have not discovered proper models for describing this type of propagation conditions in the Urban Microcell environment. The most part of the models assume that the second station is located at the typical MS height of 1.5 m.
The Urban Microcell test scenario pathloss model (Section 3.2.3.3) can be used for BS-RS and RS-RS links simulations as the mandatory. Optionally, WINNER B1 Urban Microcell pathloss model [84] can be used. Modifications of these models are FFS.
[Insert the following text and figures after section 14.3.2.1 in the 16m EMD document:]
14.3.2.2 Manhattan deployment scenario

The spatial channel models for the Manhattan deployment scenario are defined in Table X2.

Table X2 Spatial channel models for the BRT RS scenario

	Link
	Spatial channel model

	BS-MS and RS-MS
	Urban Microcell test scenario model (Mandatory) (Refer to Section 3.2.5.3)

	
	Outdoor to Indoor test scenario model (Optional) (Refer to Section 3.2.5.6)

	BS-RS and RS-RS
	Modified Urban Microcell test scenario model


14.3.2.2.1 BS-MS and RS-MS links

The mandatory Urban Microcell and the optional Outdoor to Indoor spatial channel models described in Section 3 can be used for BS-MS and RS-MS links simulations without any modifications.

14.3.2.2.2 BS-RS and RS-RS links

The modified Urban Microcell spatial channel model (Section 3.2.5.3) can be used for simulations of these links. 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.

[Make the following modifications to the text in section 14.3.3 of the 16m EMD document:]

14.3.3 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 53. The values specified in Table 53 have been derived based on the baseline model in this document, 802.16j EVM [83], 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 Section 3.2.4. 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 Manhattan deployment scenario for the BS-MS, RS-MS links with Urban Microcell propagation conditions and BS-RS, RS-RS links, the shadowing standard deviation is 4 dB for NLOS and 3 dB for LOS propagation according to Section 3.2.4 and the WINNER [84]. For the BS-MS and RS-MS links with Outdoor-to-Indoor propagation conditions shadowing standard deviation is 7 dB according to Section 3.2.4.
Table 53 Shadowing standard deviation

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

	ART RS
	3.4 dB
	8 dB
	3.4 dB
	8 dB

	
	
	
	
	

	Manhattan deployment scenario
	NLOS: 4 dB

LOS: 3 dB
	Urban Microcell propagation:

NLOS: 4 dB

LOS: 3 dB
	NLOS: 4 dB

LOS: 3 dB
	Urban Microcell propagation:

NLOS: 4 dB

LOS: 3 dB

	
	
	Outdoor to Indoor propagation (Optional): 7 dB
	
	Outdoor to Indoor propagation (Optional): 7 dB


The correlation model for shadow fading is the same as the one described in this document, but the correlation distance for shadowing is corrected according to Table 54. The parameters in Table 54 have been derived based on the baseline model in this document, 802.16j EVM [83], 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 Section 3.2.4. 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 Manhattan deployment scenario, for the BS-RS, RS-RS links and BS-MS, RS-MS links with Urban Microcell propagation conditions, 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 WINNER [84]. For the BS-MS, RS-MS links with Outdoor to Indoor propagation conditions the shadowing correlation distance is chosen to be 7 m according to WINNER [84].

Table 54 Correlation distance for shadowing

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

	ART RS
	40 m
	50 m
	40 m
	50 m

	BRT RS
	
	
	
	

	Manhattan deployment scenario
	NLOS: 12 m

LOS: 14 m
	Urban Microcell propagation:

NLOS: 12 m

LOS: 14 m
	NLOS: 12 m

LOS: 14 m
	Urban Microcell propagation:

NLOS: 12 m

LOS: 14 m

	
	
	Outdoor to Indoor propagation (Optional): 7 m
	
	Outdoor to Indoor propagation (Optional): 7 m


The shadow fading cross correlation properties for all types of links are summarized in Table 55. Table 55 describes the cross correlation values for the ART RS scenario. Table X3 describes the cross correlation values for the Manhattan deployment scenario.
Table 55 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 X3 Shadow Fading Correlation in Manhattan deployment scenario

	Link 1
	Link 2
	Correlation between Links 1 and 2

	BS→MS(i)
	BS→MS(j)
	Derived from distance between MSs (correlation distance – LOS 14 m, NLOS- 12 m for Urban Microcell scenario, and 7 m for Outdoor to Indoor scenario)

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

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

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

	RS→MS(i)
	RS→MS(j)
	Derived from distance between MSs (correlation distance – LOS 14 m, NLOS- 12 m for Urban Microcell scenario, and 7 m for Outdoor to Indoor scenario)

	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)


[Make the following modifications to the text in section 14.3.4 of the 16m EMD document:]

14.3.4 Summary

Table 56 Summary of pathloss and channel models

	BS-RS link
	ART RS scenario 
	BRT RS scenario 
	Manhattan deployment scenario

	Penetration Loss
	0dB
	
	0 dB

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

WINNER B5a (Optional)
	
	Urban Microcell pathloss model (Mandatory) (To be further modified)
WINNER B1 Urban Microcell pathloss model (Optional) (To be further modified)

	Lognormal Shadowing Standard Deviation
	3.4dB
	
	NLOS: 4dB

LOS: 3dB

	Correlation Distance for Shadowing
	40100m
	
	NLOS: 12m

LOS: 14m

	Channel Mix
	Single static channel
	
	Single static channel

	Spatial Channel Model
	WINNER B5a
	
	Modified Urban Microcell

	RS-RS link
	
	
	

	Penetration Loss
	0dB
	
	0 dB

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

WINNER B5a (Optional)
	
	Urban Microcell pathloss model (Mandatory) (To be further modified)
WINNER B1 Urban Microcell pathloss model (Optional) (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
	
	Urban Microcell propagation:

LOS: 0 dB

NLOS: 10 dB

Outdoor to Indoor propagation: 0 dB 

	Pathloss Model
	Baseline Model (Mandatory)

Urban and Suburban Macrocell (Optional)
	
	Urban Microcell pathloss model (Mandatory)
WINNER B1 Urban Microcell pathloss model (Optional) 
Outdoor to Indoor pathloss model (Optional)

	Lognormal Shadowing Standard Deviation
	8dB
	
	Urban Microcell propagation:

NLOS: 4dB

LOS: 3dB

Outdoor to Indoor propagation: 7 dB

	Correlation Distance for Shadowing
	50m

50% BSs, RSs correlation


	
	Urban Microcell propagation:

NLOS: 12m

LOS: 14m 

Outdoor to Indoor propagation: 7 m

	Channel Mix
	ITU Pedestrian B and Vehicular A channel models

ITU PB 3kmph - 60%

ITU VA 30kmph - 30%

ITU VA 120kmph – 10%


	
	Urban Microcell propagation:

3kmph – 60%

60kmph – 30%

120kmph – 10%

Outdoor to Indoor propagation:

TBD (Refer to Appendix J)

	Spatial Channel Model
	Baseline model (Mandatory)

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

Outdoor to Indoor (Optional)

	BS-MS link
	
	
	

	Penetration Loss
	10dB
	
	Urban Microcell propagation:

LOS: 0 dB

NLOS: 10 dB

Outdoor to Indoor propagation: 0 dB 

	Pathloss Model
	Baseline model (Mandatory)

Urban and Suburban Macrocell (Optional) 
	
	Urban Microcell pathloss model (Mandatory)
WINNER B1 Urban Microcell pathloss model (Optional) 
Outdoor to Indoor pathloss model (Optional)

	Lognormal Shadowing Standard Deviation
	8dB 
	
	Urban Microcell propagation:

NLOS: 4dB

LOS: 3dB

Outdoor to Indoor propagation: 7 dB

	Correlation Distance for Shadowing
	50m

50% BSs correlation
	
	Urban Microcell propagation:

NLOS: 12m

LOS: 14m 

Outdoor to Indoor propagation: 7 m

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

ITU PB 3kmph - 60%

ITU VA 30kmph - 30%

ITU VA 120kmph – 10%


	
	Urban Microcell propagation:

3kmph – 60%

60kmph – 30%

120kmph – 10%

Outdoor to Indoor propagation:

TBD (Refer to Appendix J)

	Spatial Channel Model
	Baseline model (Mandatory)

Urban and Suburban Macrocell (Optional)


	
	Urban Microcell (Mandatory)

Outdoor to Indoor (Optional)

	Error Vector

Magnitude (EVM)
	Ideal
	
	Ideal











� 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.


� Two RSs per sector are recommend here because the other parameters(e.g. RS placement distance, RS placement angle) are dependant on the number of RS. 
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