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1. Introduction

In RAN1#64 meeting, simulation assumptions for evaluation of downlink CoMP schemes in HetNet (heterogeneous networks) Scenarios 3 and 4 were finalized and phase 2 evaluations have been started. In RAN1#65 meeting the preliminary evaluation results of downlink CoMP schemes in HetNet were presented and simulation assumptions were further refined [1]. In this contribution performance analysis of joint processing (JP) and coordinated scheduling and beamforming (CSCB) CoMP schemes in HetNet is provided for the updated simulation assumptions.
2. Description of CoMP evaluation
The system level performance analysis of CoMP schemes is provided in this document for JP and CSCB CoMP categories in full buffer traffic model. The cells layout for system level evaluation consists from 57 high Tx power macro nodes deployed on hexagonal grid and 228 uniformly distributed low Tx power pico nodes (or remote radio heads, RRHs). It is assumed that the four low power Tx nodes are deployed in each geographical area of overlay high Tx power macro node. For evaluation of HetNet (heterogeneous networks) with CoMP, 1710 UEs were placed in the cell layout in accordance to the dropping configuration 1 (uniform dropping) or configuration 4b (clustered dropping). The serving node was selected for the UE based on the highest RSRP metric with and without bias [1]. Two coordination scenarios were considered in the simulations as shown in Figure 1. In the first coordination scenario (denoted as 05), the number nodes which can cooperate in CoMP transmission is 5 and include 1 high Tx power and 4 low Tx power nodes. In the second coordination scenario (denoted as 15), the number of nodes which can cooperate in CoMP transmission is 15 and includes 3 high Tx power and 12 low Tx power nodes. 
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Figure 1. Coordination scenarios for Phase 2 CoMP evaluations
For CSCB and JP CoMP the node is activated for CoMP measurements when the following conditions are satisfied at the UE:

· RSRP of the cooperating node exceeds half of the RSRPs sum of the non cooperative nodes.
· RSRP of the cooperating node is within -10dB range of RSRP of the serving node.

The criteria above configures CoMP feedback only for cell edge UEs limited by interference for cooperating node(s). Additionally the first conditions guarantee acceptable SINR level on CSI-RS transmitted by cooperating node.
It is assumed that all UEs report the conventional MIMO feedback which includes CQI, RI and PMI of the serving node. The UEs which are configured in CoMP feedback mode additionally report PMI and CQI of the activated cooperating node. CQI and PMI are calculated for the same receiving beamforming and assuming interference only for non cooperating nodes, (i.e. interference outside of cooperating set). For CoMP UEs the PMI report of cooperating nodes is restricted to rank-1. For JP CoMP scheme the relative phase difference (quantized by 2-bits codebook {1, -1, j, -j}) is additionally transmitted for each subband to co-phase antenna elements of two cooperating nodes. Maximum of three nodes (including serving node) are considered for cooperation.
CSI-RS configurations supporting CoMP measurements in Scenario 3 and 4 for 4Tx antennas are depicted in Figure 2. Higher CSI-RS reuse configurations can be also considered for improvement of channel measurement performance at the expense of downlink overhead increase.
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Figure 2. CSI-RS configurations for Scenario 3, 4 and 4Tx antennas
For scheduling of the users a joint proportional fair metric scheduling algorithm with greedy search over coordinating set was used. For each resource the scheduling algorithm consequently assigns UE which maximize the sum of the proportional-fair metrics. Each time the new UE is added the proportional fair metric is recalculated for each scheduled UE using the updated beamforming and CQI values.
3. Simulation results
The summary of CoMP evaluation is shown in the Tables 1-10 for scenario without biasing and in the Tables 11-14 for scenario with biasing. Scenario 3 and 4 were evaluated as single scenario, where in Scenario 3 a modular assignment of cell IDs was used to avoid CRS to PDSCH collisions. Additionally the same control channel overhead was assumed for both scenarios. The impact of CRS to PDSCH collision and control channel overhead on CoMP performance in two scenarios are analyzed in separate contributions [2,3].

The transmission schemes of SU-MIMO, SU/MU-MIMO for the baseline system and SU-CSCB, SU/MU-CSCB MIMO and SU/MU-JP for CoMP system are considered for evaluation in heterogeneous deployment. Additionally a simple cooperative scheduling with dynamic muting CoMP scheme (CSDM) was evaluated. The simulation parameters and assumptions are aligned with CoMP evaluation methodology and listed in the Appendix.
Table 1: CSCB CoMP in X→+ antenna configuration

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	1.51 (0.0%)
	1.55 (0.0%)
	1.54 (0.0%)
	0.021 (0.0%)
	0.034 (0.0%)
	0.023 (0.0%)

	SU-CSCB 05
	Uniform
	1.6 (6.0%)
	1.54 (-0.6%)
	1.55 (0.6%)
	0.028 (33.3%)
	0.055 (61.8%)
	0.033 (43.5%)

	SU-CSCB 15
	Uniform
	1.54 (2.0%)
	1.56 (0.6%)
	1.55 (0.6%)
	0.029 (38.1%)
	0.058 (70.6%)
	0.035 (52.2%)

	SU-MIMO
	Clustered 
	1.46 (0.0%)
	2.18 (0.0%)
	2.04 (0.0%)
	0.032 (0.0%)
	0.047 (0.0%)
	0.039 (0.0%)

	SU-CSCB 05
	Clustered
	1.48 (1.4%)
	2.11 (-3.2%)
	1.99 (-2.5%)
	0.041 (28.1%)
	0.061 (29.8%)
	0.05 (28.2%)

	SU-CSCB 15
	Clustered
	1.46 (0.0%)
	2.14 (-1.8%)
	2.01 (-1.5%)
	0.044 (37.5%)
	0.065 (38.3%)
	0.054 (38.5%)

	SU/MU-MIMO
	Uniform
	1.53 (0.0%)
	1.47 (0.0%)
	1.48 (0.0%)
	0.028 (0.0%)
	0.06 (0.0%)
	0.034 (0.0%)

	SU/MU-CSCB 05
	Uniform
	1.62 (5.9%)
	1.57 (6.8%)
	1.58 (6.8%)
	0.032 (14.3%)
	0.079 (31.7%)
	0.039 (14.7%)

	SU/MU-CSCB 15
	Uniform
	1.68 (9.8%)
	1.58 (7.5%)
	1.6 (8.1%)
	0.034 (21.4%)
	0.084 (40.0%)
	0.046 (35.3%)

	SU/MU-MIMO
	Clustered 
	1.44 (0.0%)
	1.89 (0.0%)
	1.8 (0.0%)
	0.035 (0.0%)
	0.061 (0.0%)
	0.049 (0.0%)

	SU/MU-CSCB 05
	Clustered
	1.6 (11.1%)
	2.02 (6.9%)
	1.93 (7.2%)
	0.049 (40.0%)
	0.094 (54.1%)
	0.065 (32.7%)

	SU/MU-CSCB 15
	Clustered
	1.66 (15.3%)
	2.03 (7.4%)
	1.95 (8.3%)
	0.055 (57.1%)
	0.099 (62.3%)
	0.074 (51.0%)


Table 2: JP CoMP in X→+ antenna configuration

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU/MU-MIMO
	Uniform
	1.53 (0.0%)
	1.47 (0.0%)
	1.48 (0.0%)
	0.028 (0.0%)
	0.06 (0.0%)
	0.034 (0.0%)

	SU/MU-JP 05
	Uniform
	1.62 (5.8%)
	1.62 (10.3%)
	1.62 (9.3%)
	0.035 (25.0%)
	0.1 (67.3%)
	0.044 (29.4%)

	SU/MU- JP 15
	Uniform
	1.53 (0.3%)
	1.64 (11.8%)
	1.62 (9.4%)
	0.038 (35.7%)
	0.102 (69.4%)
	0.047 (38.2%)

	SU/MU-MIMO
	Clustered 
	1.44 (0.0%)
	1.89 (0.0%)
	1.8 (0.0%)
	0.035 (0.0%)
	0.061 (0.0%)
	0.049 (0.0%)

	SU/MU- JP 05
	Clustered
	1.72 (19.3%)
	2.23 (18.2%)
	2.13 (18.3%)
	0.053 (51.5%)
	0.102 (67.2%)
	0.076 (54.2%)

	SU/MU- JP 15
	Clustered
	1.67 (15.7%)
	2.25 (19.1%)
	2.13 (18.6%)
	0.056 (60.6%)
	0.105 (72.1%)
	0.081 (64.6%)


Table 3: CSCB CoMP in ||→|| antenna configuration

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	1.53 (0.0%)
	1.58 (0.0%)
	1.57 (0.0%)
	0.031 (0.0%)
	0.077 (0.0%)
	0.038 (0.0%)

	SU-CSCB 05
	Uniform
	1.55 (1.3%)
	1.63 (3.2%)
	1.61 (2.5%)
	0.031 (0.0%)
	0.086 (11.7%)
	0.039 (2.6%)

	SU-CSCB 15
	Uniform
	1.66 (8.5%)
	1.63 (3.2%)
	1.64 (4.5%)
	0.035 (12.9%)
	0.09 (16.9%)
	0.045 (18.4%)

	SU-MIMO
	Clustered 
	1.54 (0.0%)
	1.92 (0.0%)
	1.85 (0.0%)
	0.047 (0.0%)
	0.079 (0.0%)
	0.061 (0.0%)

	SU-CSCB 05
	Clustered
	1.57 (1.9%)
	2 (4.2%)
	1.91 (3.2%)
	0.048 (2.1%)
	0.091 (15.2%)
	0.068 (11.5%)

	SU-CSCB 15
	Clustered
	1.63 (5.8%)
	2 (4.2%)
	1.92 (3.8%)
	0.057 (21.3%)
	0.099 (25.3%)
	0.076 (24.6%)

	SU/MU-MIMO
	Uniform
	1.57 (0.0%)
	1.6 (0.0%)
	1.6 (0.0%)
	0.031 (0.0%)
	0.081 (0.0%)
	0.039 (0.0%)

	SU/MU-CSCB 05
	Uniform
	1.58 (0.6%)
	1.65 (3.1%)
	1.63 (1.9%)
	0.032 (3.2%)
	0.089 (9.9%)
	0.039 (0.0%)

	SU/MU-CSCB 15
	Uniform
	1.69 (7.6%)
	1.65 (3.1%)
	1.66 (3.7%)
	0.035 (12.9%)
	0.095 (17.3%)
	0.045 (15.4%)

	SU/MU-MIMO
	Clustered 
	1.57 (0.0%)
	1.95 (0.0%)
	1.88 (0.0%)
	0.05 (0.0%)
	0.083 (0.0%)
	0.065 (0.0%)

	SU/MU-CSCB 05
	Clustered
	1.59 (1.3%)
	2.01 (3.1%)
	1.93 (2.7%)
	0.05 (0.0%)
	0.096 (15.7%)
	0.068 (4.6%)

	SU/MU-CSCB 15
	Clustered
	1.67 (6.4%)
	2.01 (3.1%)
	1.95 (3.7%)
	0.057 (14.0%)
	0.1 (20.5%)
	0.079 (21.5%)


Table 4: JP CoMP in ||→|| antenna configuration

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU/MU-MIMO
	Uniform
	1.57 (0.0%)
	1.6 (0.0%)
	1.6 (0.0%)
	0.031 (0.0%)
	0.081 (0.0%)
	0.039 (0.0%)

	SU/MU-JP 05
	Uniform
	1.59 (1.5%)
	1.63 (1.7%)
	1.63 (1.7%)
	0.032 (3.0%)
	0.099 (22.1%)
	0.043 (10.0%)

	SU/MU- JP 15
	Uniform
	1.52 (-3.3%)
	1.64 (2.3%)
	1.62 (1.2%)
	0.036 (15.2%)
	0.098 (20.8%)
	0.046 (17.5%)

	SU/MU-MIMO
	Clustered 
	1.57 (0.0%)
	1.95 (0.0%)
	1.88 (0.0%)
	0.05 (0.0%)
	0.083 (0.0%)
	0.065 (0.0%)

	SU/MU- JP 05
	Clustered
	1.6 (1.8%)
	1.96 (0.7%)
	1.9 (0.9%)
	0.055 (10.9%)
	0.098 (17.9%)
	0.072 (10.1%)

	SU/MU- JP 15
	Clustered
	1.56 (-0.6%)
	1.99 (2.0%)
	1.91 (1.6%)
	0.063 (26.1%)
	0.098 (17.9%)
	0.075 (15.9%)


Table 5: CSDM CoMP in ||→|| antenna configuration

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	1.53 (0%)
	1.58 (0%)
	1.57 (0%)
	0.031 (0%)
	0.077 (0%)
	0.038 (0%)

	SU-CSDM 05
	Uniform
	1.53 (-0.1%)
	1.61 (2.2%)
	1.6 (1.7%)
	0.031 (0%)
	0.089 (15.9%)
	0.04 (5.7%)

	SU-CSDM 15
	Uniform
	1.56 (1.8%)
	1.64 (4.1%)
	1.63 (3.7%)
	0.03 (-3.3%)
	0.089 (15.9%)
	0.04 (5.7%)

	SU-MIMO
	Clustered 
	1.54 (0%)
	1.92 (0%)
	1.85 (0%)
	0.047 (0%)
	0.079 (0%)
	0.061 (0%)

	SU-CSDM 05
	Clustered
	1.49 (-3%)
	1.97 (2.8%)
	1.88 (1.9%)
	0.048 (2.2%)
	0.091 (15.4%)
	0.068 (10.7%)

	SU-CSDM 15
	Clustered
	1.52 (-1.5%)
	2 (4.4%)
	1.91 (3.5%)
	0.047 (0%)
	0.087 (10.3%)
	0.068 (10.7%)


Table 6: CSCB CoMP in XX→+ antenna configuration
	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	1.97 (0.0%)
	1.99 (0.0%)
	1.98 (0.0%)
	0.033 (0.0%)
	0.057 (0.0%)
	0.038 (0.0%)

	SU-CSCB 05
	Uniform
	1.93 (-2.0%)
	2.02 (1.5%)
	2 (1.0%)
	0.034 (3.0%)
	0.069 (21.1%)
	0.041 (7.9%)

	SU-CSCB 15
	Uniform
	1.97 (0.0%)
	2.03 (2.0%)
	2.02 (2.0%)
	0.037 (12.1%)
	0.067 (17.5%)
	0.044 (15.8%)

	SU-MIMO
	Clustered 
	1.92 (0.0%)
	2.68 (0.0%)
	2.53 (0.0%)
	0.043 (0.0%)
	0.058 (0.0%)
	0.05 (0.0%)

	SU-CSCB 05
	Clustered
	1.88 (-2.1%)
	2.66 (-0.7%)
	2.51 (-0.8%)
	0.049 (14.0%)
	0.073 (25.9%)
	0.06 (20.0%)

	SU-CSCB 15
	Clustered
	1.9 (-1.0%)
	2.67 (-0.4%)
	2.52 (-0.4%)
	0.052 (20.9%)
	0.077 (32.8%)
	0.064 (28.0%)

	SU/MU-MIMO
	Uniform
	1.33 (0.0%)
	1.25 (0.0%)
	1.27 (0.0%)
	0.025 (0.0%)
	0.047 (0.0%)
	0.03 (0.0%)

	SU/MU-CSCB 05
	Uniform
	1.4 (5.3%)
	1.36 (8.8%)
	1.37 (7.9%)
	0.025 (0.0%)
	0.059 (25.5%)
	0.032 (6.7%)

	SU/MU-CSCB 15
	Uniform
	1.73 (30.1%)
	1.63 (30.4%)
	1.65 (29.9%)
	0.035 (40.0%)
	0.086 (83.0%)
	0.046 (53.3%)

	SU/MU-MIMO
	Clustered 
	1.29 (0.0%)
	1.59 (0.0%)
	1.53 (0.0%)
	0.036 (0.0%)
	0.055 (0.0%)
	0.045 (0.0%)

	SU/MU-CSCB 05
	Clustered
	1.41 (9.3%)
	1.78 (11.9%)
	1.7 (11.1%)
	0.038 (5.6%)
	0.071 (29.1%)
	0.053 (17.8%)

	SU/MU-CSCB 15
	Clustered
	1.75 (35.7%)
	2.08 (30.8%)
	2.02 (32.0%)
	0.055 (52.8%)
	0.095 (72.7%)
	0.076 (68.9%)


Table 7: JP CoMP in XX→+ antenna configuration
	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU/MU-MIMO
	Uniform
	1.33 (0.0%)
	1.25 (0.0%)
	1.27 (0.0%)
	0.025 (0.0%)
	0.047 (0.0%)
	0.03 (0.0%)

	SU/MU-JP 05
	Uniform
	1.37 (3.3%)
	1.32 (5.6%)
	1.33 (5.1%)
	0.025 (0.0%)
	0.059 (26.1%)
	0.034 (12.5%)

	SU/MU- JP 15
	Uniform
	1.3 (-2.0%)
	1.36 (8.4%)
	1.35 (6.3%)
	0.029 (14.8%)
	0.065 (39.1%)
	0.037 (21.9%)

	SU/MU-MIMO
	Clustered 
	1.29 (0.0%)
	1.59 (0.0%)
	1.53 (0.0%)
	0.036 (0.0%)
	0.055 (0.0%)
	0.045 (0.0%)

	SU/MU- JP 05
	Clustered
	1.31 (1.4%)
	1.66 (4.3%)
	1.59 (3.8%)
	0.04 (10.8%)
	0.072 (30.6%)
	0.056 (25.0%)

	SU/MU- JP 15
	Clustered
	1.26 (-2.6%)
	1.67 (4.9%)
	1.59 (3.6%)
	0.045 (24.3%)
	0.076 (38.7%)
	0.06 (33.3%)


Table 8: CSCB CoMP in ||||→|| antenna configuration
	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	1.8 (0.0%)
	1.84 (0.0%)
	1.83 (0.0%)
	0.037 (0.0%)
	0.102 (0.0%)
	0.046 (0.0%)

	SU-CSCB 05
	Uniform
	1.81 (0.6%)
	1.9 (3.3%)
	1.88 (2.7%)
	0.038 (2.7%)
	0.113 (10.8%)
	0.048 (4.3%)

	SU-CSCB 15
	Uniform
	1.87 (3.9%)
	1.9 (3.3%)
	1.9 (3.8%)
	0.041 (10.8%)
	0.116 (13.7%)
	0.052 (13.0%)

	SU-MIMO
	Clustered 
	1.82 (0.0%)
	2.18 (0.0%)
	2.11 (0.0%)
	0.059 (0.0%)
	0.103 (0.0%)
	0.08 (0.0%)

	SU-CSCB 05
	Clustered
	1.85 (1.6%)
	2.24 (2.8%)
	2.16 (2.4%)
	0.063 (6.8%)
	0.118 (14.6%)
	0.085 (6.3%)

	SU-CSCB 15
	Clustered
	1.89 (3.8%)
	2.24 (2.8%)
	2.17 (2.8%)
	0.07 (18.6%)
	0.117 (13.6%)
	0.089 (11.3%)

	SU/MU-MIMO
	Uniform
	1.99 (0.0%)
	2.05 (0.0%)
	2.03 (0.0%)
	0.04 (0.0%)
	0.11 (0.0%)
	0.051 (0.0%)

	SU/MU-CSCB 05
	Uniform
	1.95 (-2.0%)
	2.09 (2.0%)
	2.06 (1.5%)
	0.04 (0.0%)
	0.127 (15.5%)
	0.05 (-2.0%)

	SU/MU-CSCB 15
	Uniform
	2.06 (3.5%)
	2.1 (2.4%)
	2.09 (3.0%)
	0.042 (5.0%)
	0.128 (16.4%)
	0.056 (9.8%)

	SU/MU-MIMO
	Clustered 
	2.02 (0.0%)
	2.44 (0.0%)
	2.35 (0.0%)
	0.066 (0.0%)
	0.11 (0.0%)
	0.084 (0.0%)

	SU/MU-CSCB 05
	Clustered
	2 (-1.0%)
	2.48 (1.6%)
	2.38 (1.3%)
	0.067 (1.5%)
	0.128 (16.4%)
	0.089 (6.0%)

	SU/MU-CSCB 15
	Clustered
	2.08 (3.0%)
	2.48 (1.6%)
	2.4 (2.1%)
	0.073 (10.6%)
	0.133 (20.9%)
	0.101 (20.2%)


Table 9: JP CoMP in ||||→|| antenna configuration
	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU/MU-MIMO
	Uniform
	1.99 (0.0%)
	2.05 (0.0%)
	2.03 (0.0%)
	0.04 (0.0%)
	0.11 (0.0%)
	0.051 (0.0%)

	SU/MU-JP 05
	Uniform
	2.02 (1.6%)
	2.08 (1.6%)
	2.06 (1.6%)
	0.04 (0.0%)
	0.125 (13.5%)
	0.051 (0.0%)

	SU/MU- JP 15
	Uniform
	1.98 (-0.3%)
	2.11 (3.1%)
	2.08 (2.4%)
	0.045 (11.6%)
	0.13 (18.0%)
	0.059 (14.8%)

	SU/MU-MIMO
	Clustered 
	2.02 (0.0%)
	2.44 (0.0%)
	2.35 (0.0%)
	0.066 (0.0%)
	0.11 (0.0%)
	0.084 (0.0%)

	SU/MU- JP 05
	Clustered
	2.1 (3.9%)
	2.5 (2.5%)
	2.41 (2.7%)
	0.07 (6.3%)
	0.132 (19.7%)
	0.097 (15.7%)

	SU/MU- JP 15
	Clustered
	2.07 (2.6%)
	2.52 (3.2%)
	2.42 (3.1%)
	0.079 (19.0%)
	0.138 (25.2%)
	0.1 (19.1%)


Table 10: CSDM CoMP in ||||→|| antenna configuration
	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	1.8 (0%)
	1.84 (0%)
	1.83 (0%)
	0.037 (0%)
	0.102 (0%)
	0.046 (0%)

	SU-CSDM 05
	Uniform
	1.83 (1.5%)
	1.89 (2.5%)
	1.87 (2.3%)
	0.039 (6.3%)
	0.114 (11.9%)
	0.047 (2.5%)

	SU-CSDM 15
	Uniform
	1.82 (0.8%)
	1.91 (4%)
	1.89 (3.4%)
	0.038 (3.1%)
	0.115 (13.1%)
	0.048 (5%)

	SU-MIMO
	Clustered 
	1.82 (0%)
	2.18 (0%)
	2.11 (0%)
	0.059 (0%)
	0.103 (0%)
	0.08 (0%)

	SU-CSDM 05
	Clustered
	1.78 (-2.3%)
	2.28 (4.6%)
	2.18 (3.5%)
	0.059 (0%)
	0.125 (21.7%)
	0.084 (4.5%)

	SU-CSDM 15
	Clustered
	1.79 (-1.5%)
	2.3 (5.5%)
	2.2 (4.3%)
	0.056 (-4.3%)
	0.121 (17.4%)
	0.087 (9.1%)


In this simulation, we have the following observations:

· In cooperation scenario 05
· SU-CSCB05 achieves up to 43.5% cell edge UE spectral efficiency compared with SU-MIMO.
· SU/MU-CSCB05 achieves up to 32.7% cell edge UE spectral efficiency compared with SU/MU-MIMO.

· SU/MU-JP05 achieves up to 54.2% cell edge UE spectral efficiency compared with MU-MIMO.
· In cooperation scenario 15
· SU-CSCB15 achieves up to 52.2% cell edge UE spectral efficiency compared with SU-MIMO.
· SU/MU-CSCB15 achieves up to 68.9% cell edge UE spectral efficiency compared with SU/MU-MIMO.
· SU/MU-JP15 achieves up to 64.6% cell edge UE spectral efficiency compared with SU/MU-MIMO.

· The most significant gains are observed in 2Tx and 4Tx antenna configurations with cross polarized antennas for almost all CoMP categories.
For scenarios with cell range extension (RSRP bias 8at low power Tx node was equal to 8dB) it has been found that CoMP performance of cell edge UEs is not robust to the conventional biasing scheme. In particular the cluster edge UEs of high TX power node of one CoMP cluster after biasing may be re-associated with low TX power node of another CoMP cluster. In this case the strongest interference power (from the original serving high TX power node) can’t be suppressed due to lack of coordination between two CoMP clusters. In order to avoid this effect we have considered restricted RSRP biasing scheme which is applied at the UE only for the low TX power node of the same cluster. In order to provide further robustness to CoMP scheme in the scenario with range extension, DL eICIC scheme with coordination across CoMP clusters was employed. The number of almost blank subframes simulated for DL eICIC and DL CoMP + eICIC schemes was equal to 25%.
Table 11: DL eICIC + CSCB CoMP in X→+ antenna configuration

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	1.46 (0.0%)
	1.84 (0.0%)
	1.77 (0.0%)
	0.035 (0.0%)
	0.046 (0.0%)
	0.040 (0.0%)

	SU-CSCB 05
	Uniform
	1.34 (-8.4%)
	1.83 (-1.0%)
	1.73 (-2.2%)
	0.025 (-30.1%)
	0.066 (44.7%)
	0.033 (-17.2%)

	SU-CSCB 15
	Uniform
	1.32 (-9.9%)
	1.81 (-1.9%)
	1.71 (-3.2%)
	0.030 (-15.5%)
	0.068 (48.5%)
	0.040 (-1.3%)

	SU-MIMO
	Clustered 
	1.40 (0.0%)
	2.45 (0.0%)
	2.24 (0.0%)
	0.049 (0.0%)
	0.055 (0.0%)
	0.053 (0.0%)

	SU-CSCB 05
	Clustered
	1.27 (-9.1%)
	2.35 (-4.3%)
	2.13 (-4.9%)
	0.042 (-14.8%)
	0.074 (35.8%)
	0.060 (12.5%)

	SU-CSCB 15
	Clustered
	1.22 (-13.0%)
	2.34 (-4.4%)
	2.12 (-5.5%)
	0.051 (4.9%)
	0.073 (33.8%)
	0.063 (18.0%)

	SU/MU-MIMO
	Uniform
	1.41 (0.0%)
	1.67 (0.0%)
	1.62 (0.0%)
	0.037 (0.0%)
	0.057 (0.0%)
	0.046 (0.0%)

	SU/MU-CSCB 05
	Uniform
	1.30 (-8.0%)
	1.76 (5.1%)
	1.67 (2.8%)
	0.030 (-19.6%)
	0.079 (39.8%)
	0.039 (-15.9%)

	SU/MU-CSCB 15
	Uniform
	1.38 (-2.4%)
	1.76 (5.2%)
	1.68 (3.9%)
	0.033 (-11.3%)
	0.079 (40.3%)
	0.047 (1.9%)

	SU/MU-MIMO
	Clustered 
	1.30 (0.0%)
	2.03 (0.0%)
	1.89 (0.0%)
	0.056 (0.0%)
	0.058 (0.0%)
	0.057 (0.0%)

	SU/MU-CSCB 05
	Clustered
	1.25 (-3.5%)
	2.17 (6.8%)
	1.99 (5.3%)
	0.047 (-16.5%)
	0.097 (68.6%)
	0.071 (23.0%)

	SU/MU-CSCB 15
	Clustered
	1.30 (0.2%)
	2.18 (7.2%)
	2.00 (6.2%)
	0.055 (-2.3%)
	0.098 (70.2%)
	0.082 (43.6%)


Table 12: DL eICIC + CSCB CoMP in ||→|| antenna configuration

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	1.37 (0.0%)
	1.76 (0.0%)
	1.68 (0.0%)
	0.038 (0.0%)
	0.068 (0.0%)
	0.051 (0.0%)

	SU-CSCB 05
	Uniform
	1.25 (-8.5%)
	1.83 (4.1%)
	1.71 (2.1%)
	0.029 (-23.5%)
	0.089 (31.3%)
	0.039 (-24.2%)

	SU-CSCB 15
	Uniform
	1.36 (-0.5%)
	1.83 (3.9%)
	1.73 (3.2%)
	0.035 (-7.5%)
	0.090 (31.6%)
	0.051 (0.0%)

	SU-MIMO
	Clustered 
	1.40 (0.0%)
	2.09 (0.0%)
	1.96 (0.0%)
	0.063 (0.0%)
	0.082 (0.0%)
	0.077 (0.0%)

	SU-CSCB 05
	Clustered
	1.23 (-11.9%)
	2.17 (3.6%)
	1.98 (1.4%)
	0.050 (-20.8%)
	0.103 (25.9%)
	0.074 (-3.5%)

	SU-CSCB 15
	Clustered
	1.30 (-6.8%)
	2.17 (3.5%)
	2.00 (2.0%)
	0.059 (-6.7%)
	0.101 (23.1%)
	0.085 (10.2%)

	SU/MU-MIMO
	Uniform
	1.41 (0.0%)
	1.77 (0.0%)
	1.70 (0.0%)
	0.039 (0.0%)
	0.071 (0.0%)
	0.055 (0.0%)

	SU/MU-CSCB 05
	Uniform
	1.27 (-9.7%)
	1.83 (3.0%)
	1.72 (0.9%)
	0.028 (-28.1%)
	0.088 (24.9%)
	0.039 (-29.7%)

	SU/MU-CSCB 15
	Uniform
	1.39 (-1.5%)
	1.82 (2.3%)
	1.73 (1.7%)
	0.033 (-14.8%)
	0.089 (25.7%)
	0.053 (-3.6%)

	SU/MU-MIMO
	Clustered 
	1.42 (0.0%)
	2.10 (0.0%)
	1.96 (0.0%)
	0.064 (0.0%)
	0.085 (0.0%)
	0.079 (0.0%)

	SU/MU-CSCB 05
	Clustered
	1.26 (-11.6%)
	2.16 (2.8%)
	1.98 (0.7%)
	0.049 (-22.9%)
	0.099 (16.7%)
	0.070 (-11.2%)

	SU/MU-CSCB 15
	Clustered
	1.32 (-7.3%)
	2.15 (2.3%)
	1.98 (0.9%)
	0.058 (-9.0%)
	0.101 (18.3%)
	0.083 (4.8%)


Table 13: DL eICIC + CSCB CoMP in XX→+ antenna configuration
	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	1.81 (0.0%)
	2.28 (0.0%)
	2.18 (0.0%)
	0.046 (0.0%)
	0.064 (0.0%)
	0.055 (0.0%)

	SU-CSCB 05
	Uniform
	1.59 (-11.8%)
	2.27 (-0.5%)
	2.13 (-2.4%)
	0.032 (-32.0%)
	0.082 (28.0%)
	0.044 (-20.1%)

	SU-CSCB 15
	Uniform
	1.66 (-8.3%)
	2.26 (-0.6%)
	2.14 (-1.9%)
	0.037 (-20.3%)
	0.080 (23.6%)
	0.053 (-3.1%)

	SU-MIMO
	Clustered 
	1.79 (0.0%)
	2.91 (0.0%)
	2.69 (0.0%)
	0.066 (0.0%)
	0.073 (0.0%)
	0.070 (0.0%)

	SU-CSCB 05
	Clustered
	1.54 (-14.0%)
	2.85 (-2.2%)
	2.58 (-3.8%)
	0.049 (-25.4%)
	0.095 (31.4%)
	0.074 (5.3%)

	SU-CSCB 15
	Clustered
	1.60 (-10.7%)
	2.84 (-2.5%)
	2.59 (-3.6%)
	0.059 (-11.3%)
	0.099 (36.8%)
	0.082 (16.6%)

	SU/MU-MIMO
	Uniform
	1.21 (0.0%)
	1.40 (0.0%)
	1.36 (0.0%)
	0.034 (0.0%)
	0.039 (0.0%)
	0.036 (0.0%)

	SU/MU-CSCB 05
	Uniform
	1.12 (-7.8%)
	1.53 (9.0%)
	1.45 (6.0%)
	0.021 (-38.1%)
	0.057 (47.4%)
	0.029 (-19.3%)

	SU/MU-CSCB 15
	Uniform
	1.45 (19.6%)
	1.84 (31.1%)
	1.76 (29.0%)
	0.032 (-4.4%)
	0.082 (110.1%)
	0.052 (44.5%)

	SU/MU-MIMO
	Clustered 
	1.16 (0.0%)
	1.71 (0.0%)
	1.60 (0.0%)
	0.050 (0.0%)
	0.057 (0.0%)
	0.053 (0.0%)

	SU/MU-CSCB 05
	Clustered
	1.08 (-6.7%)
	1.89 (10.9%)
	1.73 (8.3%)
	0.034 (-30.6%)
	0.074 (30.3%)
	0.053 (0.2%)

	SU/MU-CSCB 15
	Clustered
	1.37 (17.7%)
	2.17 (27.1%)
	2.01 (25.7%)
	0.058 (16.3%)
	0.093 (64.4%)
	0.078 (47.1%)


Table 14: DL eICIC + CSCB CoMP in ||||→|| antenna configuration
	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	SU-MIMO
	Uniform
	1.61 (0.0%)
	2.02 (0.0%)
	1.94 (0.0%)
	0.048 (0.0%)
	0.085 (0.0%)
	0.061 (0.0%)

	SU-CSCB 05
	Uniform
	1.48 (-7.9%)
	2.11 (4.5%)
	1.98 (2.5%)
	0.035 (-26.8%)
	0.108 (27.8%)
	0.048 (-21.1%)

	SU-CSCB 15
	Uniform
	1.59 (-1.1%)
	2.11 (4.6%)
	2.01 (3.6%)
	0.042 (-13.1%)
	0.109 (27.9%)
	0.060 (-1.8%)

	SU-MIMO
	Clustered 
	1.65 (0.0%)
	2.34 (0.0%)
	2.20 (0.0%)
	0.074 (0.0%)
	0.102 (0.0%)
	0.093 (0.0%)

	SU-CSCB 05
	Clustered
	1.49 (-9.6%)
	2.44 (4.3%)
	2.25 (2.3%)
	0.060 (-18.5%)
	0.126 (23.9%)
	0.094 (0.6%)

	SU-CSCB 15
	Clustered
	1.57 (-4.4%)
	2.44 (4.2%)
	2.27 (2.9%)
	0.078 (5.1%)
	0.126 (23.4%)
	0.100 (8.0%)

	SU/MU-MIMO
	Uniform
	1.77 (0.0%)
	2.24 (0.0%)
	2.15 (0.0%)
	0.052 (0.0%)
	0.089 (0.0%)
	0.064 (0.0%)

	SU/MU-CSCB 05
	Uniform
	1.59 (-10.3%)
	2.28 (1.7%)
	2.14 (-0.3%)
	0.038 (-27.3%)
	0.119 (34.3%)
	0.049 (-23.7%)

	SU/MU-CSCB 15
	Uniform
	1.70 (-4.3%)
	2.27 (1.4%)
	2.15 (0.4%)
	0.044 (-16.4%)
	0.119 (34.5%)
	0.063 (-2.0%)

	SU/MU-MIMO
	Clustered 
	1.81 (0.0%)
	2.61 (0.0%)
	2.45 (0.0%)
	0.088 (0.0%)
	0.109 (0.0%)
	0.104 (0.0%)

	SU/MU-CSCB 05
	Clustered
	1.58 (-12.6%)
	2.61 (-0.1%)
	2.40 (-1.9%)
	0.063 (-28.6%)
	0.134 (22.4%)
	0.095 (-7.9%)

	SU/MU-CSCB 15
	Clustered
	1.66 (-8.3%)
	2.60 (-0.4%)
	2.41 (-1.6%)
	0.072 (-18.8%)
	0.128 (17.2%)
	0.111 (7.3%)


In this simulation, we have the following observations:

· In cooperation scenario 05
· SU-CSCB05 achieves up to 12.6% cell edge UE spectral efficiency compared with SU-MIMO.
· SU/MU-CSCB05 achieves up to 23.0% cell edge UE spectral efficiency compared with SU/MU-MIMO.

· In cooperation scenario 15
· SU-CSCB15 achieves up to 18.0% cell edge UE spectral efficiency compared with SU-MIMO.
· SU/MU-CSCB15 achieves up to 47.1% cell edge UE spectral efficiency compared with SU/MU-MIMO.
· When biasing scheme is applied DL CoMP + DL eICIC provides gain for some scenarios. In particular the most significant gains were observed for
· clustered UE dropping (configuration 4b)

· coordination over 15 nodes (scenario CSCB15)

· MU-MIMO transmission mode
· Cross-polarized antenna configurations
4. Conclusions

In this contribution, the performance results of CSCB and JP CoMP schemes for full buffer traffic model were presented. The evaluation shows CoMP schemes provide clear benefits in 5% user spectral efficiency for almost all simulated cases. In most cases, the average node spectral efficiency for CoMP is higher than for non-CoMP schemes. For scenario with biasing CoMP should be used with DL eICIC scheme in order to provide robustness for cluster edge UEs.
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Appendix

	Parameters 
	Assumption 

	Channel model
	ITU UMa/UMi

	System BW 
	FDD 10MHz 

	Number of UEs, Number of Tx points 
	(1710, 285) 

	Number of antennas at UE,  Number of antennas at Tx Point 
	(2, 2) , (2, 4)

	Maximum number of  feedback set
Tx node selection RSRP threshold

Tx Point selection RSRP node/RSRP interference 
	(3, 10dB, -3dB) 

	Antenna configuration 
	eNB: co-polarized or cross-polarized
UE: co-polarized antennas or cross-polarized 

	Transmission scheme
	SU-MIMO, MU-MIMO

	RSRP bias
	8 dB

	Number of ABS
	25%

	Outer loop for target FER control 
	10% PER for 1st transmission 

	Link adaptation 
	MCSs based on LTE transport formats 

	HARQ scheme 
	CC

	DL overhead
	30.95% 

	Handover Margin 
	1 dB 

	Initial transmission + Maximum number of retransmissions
	4 

	Feedback and control channel errors 
	No Error 

	Scheduler 
	Greedy search algorithm based on PF metric 

	UE speed
	3kmph 

	Scheduling granularity 
	5 PRBs 

	Traffic load 
	Full buffer

	Maximum Rank per UE 
	1 for MU-MIMO

2 for SU-MIMO

	Maximum number of UEs in MU-MIMO
	2 

	Receiver type 
	Interference unaware MMSE (option 1 in R1-110586) 

	Feedback periodicity 
	10ms 

	CQI & PMI feedback granularity in frequency
	5 PRBs

	PMI feedback 
	Rel.-10 LTE codebook 
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