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Introduction

The 3GPP TR-36.814 [1] document currently specifies a basic methodology for evaluating proposals on downlink CoMP. However the evaluation scenarios are limited to homogenous networks only and don’t consider advanced deployment scenarios. It is anticipated that the in scope of the updated CoMP SI [2] the contributions will also include the analysis of CoMP schemes for heterogeneous networks and networks with distributed antennas. In order to be able to cross-evaluate the results and agree on the performance numbers for CoMP SI it is important that the RAN WG1 agree on additional CoMP configurations and simulation parameters for advanced deployments scenarios in order to allow simulation results to be compared on an equal basis.

The remainder of this document captures the changes and additions to the baseline CoMP evaluation methodology specified in 3GPP TR-36.814 that we believe are required to evaluate CoMP techniques. For convenience the CoMP evaluation methodology is written as a standalone document. However to emphasize the changes in the existing evaluation approach (provided in 3GPP TR-36.814 Appendix A.2) the modifications are highlighted in blue color. The proposed CoMP evaluation methodology reuses the baseline 3GPP TR-36.814 to the maximum extent. In addition to simulation assumptions we propose to expand methodology with functional evaluation criteria.
1. CoMP simulation scenarios 

The following basic simulation scenarios of CoMP are defined for the purpose of system level simulations:
· Homogeneous network scenarios
· CoMP Case 1: Intra-site CoMP
· CoMP Case 2: Inter-site CoMP

· Heterogeneous network scenarios:
· CoMP Case 3: Heterogeneous Intra-site CoMP
· CoMP Case 3.1: Intra-site CoMP with indoor femto-cells

· CoMP Case 3.2: Intra-site CoMP with indoor/outdoor RRHs
· CoMP Case 3.3: Intra-site CoMP with indoor/outdoor pico-cells

· CoMP Case 4: Heterogeneous Inter-site CoMP
· CoMP Case 4.1: Inter-site CoMP with indoor/outdoor RRHs

The homogenous network layout for the intra-site and inter-site CoMP scenarios are depicted in Figure 1. In the case of intra-site CoMP, three neighboring cells of the same eNB are connected with each other by high capacity low latency backhaul link. In the case of inter-site CoMP, three neighboring sites (eNBs) are additionally connected with each other via the X2 interface. The connected cells used for multi-point coordination are depicted using the same color.
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Figure 1: Cell Layout for Intra-site and Inter-site CoMP

The heterogeneous network layouts for different intra-site and inter-site CoMP are depicted in Figure 2, Figure 3 and Figure 4. The network layouts for the intra-site and inter-site CoMP with RRHs are illustrated in Figure 2. The RRHs are distributed within macro-cell layout and connected to the center Processing Unit (PU) via high capacity and low latency optical fiber links (or alternatively Radio over Fiber (RoF)). The central PU also performs the functions of macro-cell eNB. In the case of inter-site CoMP with RRHs three neighboring sites (PUs) are additionally connected with each other via the X2 interface.
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Figure 2: Reference Cell Layout for Intra-Site and Inter-site CoMP with RRHs
The network layout for intra-site CoMP with pico-cell eNBs is illustrated In Figure 3. In heterogeneous network deployments, intra-site CoMP refers to the cooperation scenario between pico-cell eNBs and the center eNB of the overlay macro-cell. In this scenario, the pico-cell eNBs are uniformly distributed in the coverage area of the macro-cell and connected to the center eNB via the X2 interface [1]. Note that X2 connection between center eNB and pico cell eNBs may have higher bandwidth and lower latency than X2 connection between macro-cell eNBs. 
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Figure 3: Reference Cell Layout for Intra-Site CoMP with Pico-cell eNBs

The reference layout for intra-site CoMP with indoor HeNBs is illustrated in Figure 4. In heterogeneous network deployments, intra-site CoMP refers to the cooperation scenario between HeNBs and the center eNB of the overlay macro-cell. The HeNBs clusters are uniformly distributed in the coverage area of the macro-cell. In this scenario the HeNBs are connected with center eNB via a broadband connection (such as cable modem to the operator’s core network). 
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Figure 4: Reference Cell Layout for Intra-Site CoMP with Femto-cell eNBs
In the following sections the propagation parameters for each simulation scenario and the corresponding equipment models are provided. The proposed parameters should be used as a baseline for preliminary evaluations and may be revised for final evaluations during WI phase.
2. Homogenous network scenarios for CoMP evaluation
In homogenous network scenario it is assumed that the 19 macro-cells sites are partitioned into three sectors, as is specified in the 3GPP TR-36.814. Antenna bore-sight orientation (center direction points to the flat side) as shown in Figure 5 is only considered in CoMP evaluation
. The UEs are placed uniformly within network layout.

[image: image5.emf]
Figure 5: Homogenous network cell layout
The simulation environments supported in homogenous deployments are provided in Table 1.

Table 1: CoMP simulation environments in homogenous deployments
	Simulation

Environment 
	CF

(GHz)
	ISD

(meters)
	BW

(MHz)
	PLoss

(dB)
	Speed

(kmph)

	3GPP case 1 
	2.0
	500
	FDD:10+10  TDD: 20
	20
	3

	3GPP case 3

	2.0
	1732
	FDD:10+10  TDD: 20
	20
	3


3. Heterogeneous network scenarios for CoMP evaluation

In heterogeneous network scenario it is assumed that low power nodes (pico-cell, femto-cell, RRHs) are placed throughout a macro-cells deployment. The CoMP simulation environments supported in heterogeneous deployments are given in Table 2. 
Table 2: CoMP simulation scenarios in heterogeneous deployments
	Case [1]
	Simulation 

Environment
	Deployment Scenario
	BW, MHz
	Low power node

	5.1
	Macro + Indoor
	Macro + Femto-cell
	FDD:10+10 
TDD: 20

	indoor HeNB

	5.3
	
	Macro + Pico-cell 
	
	indoor Pico eNB

	
	
	Macro + RRHs
	
	indoor RRHs

	6.2
	Macro + Outdoor
	Macro + Pico-cell
	
	outdoor Pico eNB

	
	
	Macro + RRHs
	
	outdoor RRHs


3.1. Macro + Outdoor Pico-cell / RRHs deployment scenario
The example of heterogeneous network layout with outdoor nodes (Pico-cell eNBs, RRHs) is shown in Figure 6. The number of outdoor nodes 
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 within a macro-cell layout is a parameter in the evaluation and can take values of 1, 2, 4 or 10. The UEs and low power nodes can be placed uniformly or non-uniformly within the network layout in accordance to the placing configuration provided in Table 3.
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Figure 6: Heterogeneous network layout for outdoor Pico-cell / RRHs
Table 3: Placing of the UEs and outdoor low power nodes
	Configuration
	UE density across macro cells
	UE distribution within a macro cell
	Low power node distribution within macro-cell

	1
	Uniform (25 UEs per macro-cell) 
	Uniform
	Uniform

	1a

	Uniform 
	Uniform
	Pre-defined

	4a, 4b
	Non-uniform
	Clusters
	Uniform


Configuration 1a corresponds to the deployment of the low power nodes with pre-defined positions. The location of each node in the configuration 1a is defined by two parameters: the distance between outdoor node and the center of the macro-cell – R and the angle ( between the boresight direction of the eNB sector antenna and the line-of-site direction to the low power node, see Figure 7. 
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Figure 7: Outdoor node location parameters

The location parameters of outdoor nodes are listed in Table 4 for different number of outdoor nodes per macro-cell [3].
Table 4: Location parameters of outdoor low power nodes in configuration 1a
	Number of nodes per macro-cell
	1
	2
	4
	10

	R/Site-to-Site Distance
	1/5
	1/5
	1/5
	1/5
	1/10

	(, deg
	00
	±400
	±250, ±750
	0, ±400, ±800
	0, ±400, ±800


Note: The proposed in Table 4 parameters should be used as a baseline for preliminary evaluations and may be revised for final evaluations during WI phase.

Non-uniform distribution of UEs supported in configuration 4a and 4b are performed in accordance to the following procedure [1]:
1. Fix the total number of users 
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 dropped within each macro geographical area, where 
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 is 30 or 60.

2. Randomly and uniformly drop the configured number of low power nodes 
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 within each macro geographical area (the same number 
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 for every macro geographical area, where 
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 may take values from {1, 2, 4, 10}).

3. Randomly and uniformly drop 
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 users within a 40m radius of each low power node, where 
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 is the fraction of all hotspot users over the total number of users in the network and defined in Table 5.
4. Randomly and uniformly drop the remaining users 
[image: image17.wmf]lpn

users_lpn

users

N

N

-

N

×

, to the entire macro geographical area of the given macro cell (including the low power node user dropping area).
Table 5: Configuration #4a and #4b parameters for clustered user dropping

	Configuration
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	4a
	30 or 60
	1

2

4

10
	1/15

2/15

4/15

2/3

	4b
	30 or 60
	1

2
4
	2/3

2/3
2/3


3.2. Macro + Indoor Pico-cell / RRHs deployment scenario
The macro indoor hotspot scenario consists of single floor of a building placed in the macro-cell coverage area. The floor contains two sites placed in the middle of the hall at 30m and 90m with respect to the left side of the building.
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Figure 8: Heterogeneous network layout for indoor Pico-cell/RRHs
One
 building with indoor pico-cells is placed in the center of each macro-cell with random orientation.  Indoor/Outdoor UEs are dropped randomly and uniformly inside/outside of the buildings with pico-cells eNBs. The number of indoor UEs dropped within the building should be a simulation parameter. The example of heterogeneous network layout with indoor Pico-cells/RRHs is shown in Figure 8.
3.3. Macro + Indoor Femto-cell deployment scenario
In the macro indoor femto cell scenario Nuser= 10 (25) macro-cell UEs are dropped uniformly and randomly throughout the indoor/outdoor macro coverage area. It is possible that some macro UEs will be dropped into the indoor area. If the macro UE is dropped indoor the probability of the macro UE being indoor UE is 80%. 
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Figure 9: Heterogeneous network layout for indoor Femto-cell
One cluster of indoor nodes is dropped within the macro coverage area with random uniform distribution of indoor nodes. The 5x5 grid model should be considered as a baseline assumption for CoMP performance evaluation in heterogeneous network with indoor femto-cells. A more accurate dual-stripe model defined in [1][4] can be additionally used. 

In 5x5 grid 
model the indoor cluster is defined as building with single floor and 25 apartments. The apartments are 10mx10m and are placed next to each other on a 5x5 grid. The active low-power node is placed in each apartment with probability 10%. For the apartments that have indoor low power eNB, the indoor UE are dropped randomly and uniformly in the apartment with a minimum separation of 20 cm [4]. The number of indoor UEs within apartment with indoor low power node should be a simulation parameter. The example of heterogeneous network layout with clusters of femto-cell nodes is shown in Figure 9.
4. Basic Parameters

The equipment parameters for macro-cell, indoor/outdoor and UE are provided in Table 6, Table 7, Table 8 and Table 9.
Table 6: Macro-cell equipment model

	Parameter
	Value

	eNB Tx Power per sector
	46dBm – 10 MHz carrier
49dBm – 20 MHz carrier 

	eNB antenna height
	32m

	Number of cells
	3

	Antenna type
	Directional, 14dBi gain (cable losses included)

	Horizontal antenna pattern 
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 = 700, Am = 25 dB (Mandatory), Am = 20 dB (Optional)

	Vertical antenna pattern
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	Antenna configration
	Config.1: 4 cross-polarized antennas (0.5λ spacing)

Config.2: 4 co-polarized antennas (0.5 λ spacing)

	Noise figure
	5 dB


Table 7: Outdoor/Indoor RRHs/Pico-cell equipment model
	Parameter
	Value

	eNB Tx Power per sector
	Indoor: 30dBm
Outdoor: 30dBm

	Number of cells
	1

	Antenna type
	Directional with 5dBi gain (cable losses included)

	Horizontal antenna pattern 
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	Vertical antenna pattern
	N.A.

	Antenna configuration
	Config.1: 2 or 4 cross-polarized antennas (0.5λ spacing)

Config.2: 2 or 4 co-polarized antennas (0.5 λ spacing)

	Noise figure
	5 dB


Table 8: Indoor HeNB equipment model

	Parameter
	Value

	eNB Tx Power per sector
	23dBm 

	Number of cells
	1

	Antenna type
	Directional with 5dBi gain (cable losses included)

	Horizontal antenna pattern 
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	Vertical antenna pattern
	N.A.

	Antenna configuration
	Config.1: 2 cross-polarized antennas (0.5λ spacing)

Config.2: 2 co-polarized antennas (0.5 λ spacing)

	Noise figure
	5 dB


Table 9: UE equipment model

	Parameter
	Value

	UE Tx Power
	23 dBm

	MS antenna height
	1.5 m

	Antenna type
	Omni-directional

	Antenna gain (boresight)
	0 dBi

	Antenna configuration
	Config.1: 2 cross-polarized antennas (0.5 λ spacing)

Config.2: 2 co-polarized antennas (0.5 λ spacing)

	Noise figure
	9 dB


5. Propagation Models
This section describes the channel models used to model propagation conditions between macro-cell, low power nodes (pico-cell, femto-cell, DAS, RRHs, etc.) and UEs. To minimize the number of test cases only one propagation model can be used for evaluation. The other models specified in [1] can be optionally used for CoMP performance evaluations.
5.1. Large scale propagation parameters
The large scale propagation parameters follow assumptions specified in [1] and [5] with minimum modification highlighted in blue. 

Path-loss and correlated log-normal shadowing applies to all links. The baseline models assumes the shadowing correlation from one UE to multiple cells, and optionally assumes no shadowing correlation from one cell to multiple UEs no matter how close these UEs are placed.
Table 10: Large scale propagation conditions for macro + outdoor pico / RRHs simulation environment
	Link
	Macro-cell
	Outdoor Pico-cell/RRHs

	Path loss
	Model 1:
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Model 2:
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3GPP Case 1:
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3GPP Case 3 :
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	Model 1:
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Model 2:
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3GPP Case 1:
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3GPP Case 3:
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	Shadowing
	Log-normal

[ETSI TR 101 112]

	Shadowing standard deviation
	Model 1: 10 dB

Model 2:
   Case 1: LOS 4dB, NLOS 6dB
   Case 3: LOS 6dB, NLOS 8dB
	Model 1: 10 dB
Model 2: LOS 3 dB, NLOS 4dB

	
	
	

	Shadowing correlation 
	Across cells of the macro eNB: 1

Across cells of different eNBs: 0.5

	Shadowing auto-correlation distance (optional)
	50m
	50m

	Penetration Loss
	20 dB
	20 dB

	
	
	

	Minimum distance between macro-cell and outdoor nodes
	3GPP Case 1: >=75m
3GPP Case 3: >=250m

	Minimum distance between macro-cell/node and UE
	>=35m
	>10m

	Minimum distance among nodes
	N.A.
	> 40m


Table 11: Large scale propagation conditions for macro + indoor pico / RRHs simulation environment
	Link
	Macro-cell
	Indoor Pico-cell/RRHs

	Path loss
	Indoor/Outdoor UE:
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3GPP Case 1:
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3GPP Case 3:
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	Indoor UE:


[image: image45.wmf]R

L

LOS

10

log

9

.

16

5

.

89

+

=



[image: image46.wmf]R

L

NLOS

10

log

3

.

43

4

.

147

+

=

,


[image: image47.wmf](

)

(

)

×

³

<

<

£

ï

î

ï

í

ì

-

-

=

037

.

0

037

.

0

018

.

0

018

.

0

5

.

0

027

.

0

/

018

.

0

exp

1

R

R

R

R

P

LOS


Outdoor UE:
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	Shadowing
	Log-normal

[ETSI TR 101 112]

	Shadowing standard deviation
	Indoor/Outdoor UE: 10 dB
	Indoor UE: LOS 3dB, NLOS 4dB
Outdoor UE: 10 dB

	Shadowing correlation 
	Across cells of macro eNB: 1

Across cells of different eNB: 0.5

Across macro-cells and femto-cells: 0

	Shadowing auto-correlation distance (optional)
	50m
	15m


	Penetration Loss
	Indoor UE: 20 dB

Outdoor UE: 0dB
	Indoor UE: 0 dB
Outdoor UE: 20 dB

	Minimum distance between macro-cell and indoor nodes
	3GPP Case 1: >75m
3GPP Case 3: >250m

	Minimum distance between macro-cell/node and UE
	>35m
	>= 3m 

	Minimum distance among nodes
	N.A.
	N.A.


Table 12: Large scale propagation conditions for macro + indoor femto simulation environment
	Link
	Macro-cell
	Indoor femto cell

	Path loss
	Indoor/Outdoor UE:
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	Indoor UE: 
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Outdoor UE: 
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	Shadowing
	Log-normal

[ETSI TR 101 112]

	Shadowing standard deviation
	Indoor/Outdoor UE: 8 dB
	Indoor UE: 10 dB
Outdoor UE: 8 dB

	Shadowing correlation 
	Across cells of macro eNB: 1

Across cells of different eNB: 0.5

Across macro-cells and femto-cells: 0

	Shadowing auto-correlation (optional)
	50m
	3m

	Penetration Loss
	Outdoor UE: 0 dB

Indoor UE: 20 dB
	Indoor UE: 0 dB
Outdoor UE: 20 dB

	Distance between macro-cell and indoor nodes
	Case 1 >75m

Case 3 >250m

	Minimum distance between macro-cell/node and UE
	>35m
	> 20cm 

	Minimum distance among nodes
	N.A.
	> 50m
 among clusters


5.2. Small scale propagation parameters
System level simulations of CoMP shall include spatial channel models for simulations of links. Both time and angular dispersion properties of the small scale channel are modeled to account effects of feedback delays and geometry of the channel.
Table 13: Small scale propagation conditions for macro + outdoor simulation environment
	Link
	Macro-cell 
	Outdoor pico/RRHs

	Spatial Channel Model
	Model 1: SCM UMa

Model 2: ITU UMa
	Model 1: SCM UMi 

Model 2: ITU UMi

	UE speed
	3kmph
	3kmph


Table 14: Small scale propagation conditions for macro + indoor pico/RRHs simulation environment

	Link
	Macro-cell
	Indoor pico/RRHs 

	Spatial Channel Model
	Outdoor/Indoor UE: ITU UMa
	Indoor UE: ITU InH

Outdoor UE: ITU InH (NLOS)

	UE speed
	Outdoor UE: 3kmph

Indoor UE: 0kmph
	Indoor UE: 0kmph

Outdoor UE: 3kmph


Table 15: Small scale propagation conditions for indoor femto simulation environment
	Link
	Macro-cell
	Indoor femto 

	Spatial Channel Model
	Outdoor/IndoorUE : SCM UMa
	Outdoor/Indoor UE: SCM UMi 

	UE speed
	Outdoor UE: 3kmph

Indoor UE: 0kmph
	Indoor UE: 0kmph

Outdoor UE: 3kmph


6. Additional parameters for CoMP evaluations 

Table 16: Additional parameters for CoMP evaluations
	Parameter
	Values used for evaluation

	Downlink transmission scheme 
	SU-MIMO

MU-MIMO

	Downlink/Uplink scheduler
	Proportional fair in time and frequency

	Downlink link adaptation
	Non-ideal based on non-ideal CSI reports and/or non-ideal sounding transmission, reporting mode with feedback delay

	Downlink HARQ scheme
	Incremental redundancy or Chase combining

	Downlink receiver type
	Baseline scheme: MMSE

Each company should report a description on interference rejection and cancellation capabilities of the receiver

	Uplink transmission scheme
	SU-MIMO

MU-MIMO

	Uplink Power control
	Baseline: Fractional power control.

Alternative: Other Rel.8 specified

Power control parameters (P0 and alpha) are chosen according to the deployment scenario. (IoT reported with simulation results.)

	Uplink HARQ scheme
	Incremental redundancy or Chase combining

	Uplink receiver type
	MMSE or MMSE-SIC (MU-MIMO)

	Channel estimation

(uplink and downlink)
	Non-ideal:
Estimation errors should be considered for DMRS, CSI-RS, CRS and SRS
If applicable, non-ideal channel estimation should include channel measurement to cooperating points.

	Traffic models
	Full buffer, Non full buffer (refer A.2.1.3 TR-36.814)

	Wrap Around
	On


7. Additional assumptions and functional evaluations of CoMP schemes
CoMP system level performance evaluations should additionally provide assumptions related to:
· Cooperating scheduler
· CoMP category (e.g. JP, CB/CS or other)
· Type of the scheduling (e.g. CoMP with centralized scheduling, CoMP with distributed scheduling, etc)
· Feedback assumption and feedback impairment modeling (details on CSI quantization scheme (e.g. PMI, MCS, RI), CSI report duty cycle, number of bits per each CoMP feedback report)
· Creation and maintenance of CoMP sets
· Assumptions on CoMP sets definition and creation

· fixed vs. adaptive clusters, size of cluster… 
· For RRHs specify whether RRHs is a cell or form part of the cell (for RRHs forming part of the cell describe how the reference signals are configured)
· Backhaul assumptions (backhaul link latency and capacity)
· Time/frequency synchronization assumptions
· Parameters of the MIMO transmission modes:
· MU-MIMO and/or SU-MIMO operation in conjunction with CoMP
· Selection of transmission mode (assumptions on how dynamic or semi-static the transmission mode can be selected)
· Additional assumptions or simulation parameters which are not specified in the current CoMP evaluation methodology

CoMP system level performance evaluations should additionally provide functional analysis related to:

· Implications of the proposed CoMP scheme on the backward compatibility with Releases 8-10
· Scalability of the proposed CoMP scheme (constraints on the number of supported cooperating points and number of transmit antennas per each point)
· Complexity of the proposed CoMP scheme (applicability of the proposed CoMP schemes for different CoMP scenarios (e.g. for Inter-eNB CoMP)
· Impairments handling in CoMP 

· Collision between CRS and PDSCH for JP CoMP
8. Performance metrics
Most of the performance metrics proposed in A.2.1.4 of TR-36.814 can be applied to the CoMP evaluations. In addition geometry CDF for the CoMP UE should be provided where appropriate, compared to the geometry CDF for a non-CoMP UE.
9. Conclusions
In this paper a set of refined simulation assumptions and parameters are proposed for the evaluation study of CoMP schemes. The proposed CoMP evaluation methodology reuses the baseline 3GPP TR-36.814 to the maximum extent. For convenience the CoMP evaluation methodology is written as a standalone document.
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� TR-36.814 considers optional antenna orientation (center direction points to corners) for 3GPP internal evaluations only. Since it is not a popular approach for antenna deployment in macro-cell we propose to remove this antenna orientation from the consideration.


�We propose to consider some other homogenous simulation scenarios (e.g. ITU) for CoMP evaluation.


�This configuration of low power node distribution targets to improve the cell-edge performance and can be considered in addition to the existing configurations specified in the baseline document.


�The number of indoor pico-cells is not specified in the TR-36.814. For simplicity of the evaluations one building within each macro-cell with pre-defined position is considered.


�5x5 grid model proposed in [4] doesn’t provides some details of the simulations. This text is intended to clarify the missing details.


�8 dB in TR-25.814 for homogenous and 10 dB in TR-35.814 for heterogeneous scenarios for the link between macro-cell and outdoor UEs. We would like to align the values.


�Due to high penetration loss (40dB) [1], NLOS path loss model, low transmit power the impact from this link on the overall performance is not expected to be high. For simplification of the t is proposed to not to consider this link in the evaluations.


�Shadowing correlation distance for indoor pico is not specified in TR-36.814


�The minimum distance among nodes is not specified in TR-36.814 for 5x5 grid model
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