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1. Introduction
In 3GPP RAN1 #65 meeting the preliminary simulation results for heterogeneous network with low power RRHs were presented [1]. In this contribution, we provide updated simulation results for CS/CB CoMP schemes based on refined simulation assumptions in [2].
There are two scenarios referred to as Scenarios 3 and 4 in the agreed deployment scenarios. The difference between Scenario 3 and Scenario 4 is whether the Macro and RRH nodes share the same cell ID or not. The performance of two scenarios should be different in terms of control overhead and legacy UE performance. However, the performance of data channel that is based on CSI-RS and DM-RS like transmission mode 9 in Rel.10 might be similar without considering the details like CRS interference, DMRS configurations and control channel overhead. So, the evaluation results in this contribution can be applied to both scenarios if we assume fixed control overhead. 
2. Simulation assumption
The basic simulation assumptions are set according to the latest TR 36.819 and TR 36.814. Additional parameters and assumptions are summarized in Appendix.

In this evaluation, we consider co-channel deployment where 4 RRH nodes are randomly and uniformly placed within each macro cell geographical area. 25 UEs per macro cell are dropped according to configuration 1 (uniform placement), and 30 UEs per macro cell according to configuration 4b (clustered placement) based on the simulation methodologies in [3].
The selection of serving node is based on best reference signal received power (RSRP) with 1dB handover margin. In case of cell range expansion (CRE), 6dB bias value is added to RSRP of the RRH nodes and then the node with best RSRP is chosen as the serving node. For Rel.10 eICIC, we consider time domain static resource partitioning where macro nodes are mute in a fraction of subframes (ABS: almost blank subframe), while RRH nodes can transmit in all subframes. We assume that 2 subframes per frame are set to ABS subframes and UE’s served by RRH node report two resource-restricted CSI.  20% ABS subframe is chosen because this setting show good performance in case of 6dB CRE
Two coordination areas are considered. In the sectorized coordination area, one macro node and 4 RRH nodes within macro node area can cooperate in CoMP transmission. In the site coordinate area, 3 intra-site macro nodes and 12 nodes within coverage area of the macro nodes can cooperate in CoMP transmission.  In order to exclude CSI-RS muting gain on the top of real CoMP gain, both CoMP and non-CoMP system are evaluated under the same CSI-RS muting pattern. The CSI-RS’s from 3 sector of a macro site and 4 RRH nodes in a macro cell are FDM multiplexed, that results in 7 reuse factor for CSI-RS. The detailed feedback and scheduling algorithm of CS/CB CoMP scheme are same as that for homogeneous network, which can be found in the contribution for phase 1 evaluation results [4].
3. Simulation results
The performance evaluation results are shown in the below tables. The transmission schemes of SU-MIMO, MU-MIMO, MU-CS/CB MIMO and SU-CS/CB MIMO are considered for CoMP evaluation of heterogeneous network. The following combinations of eICIC and CS/CB CoMP are evaluated
· SU-MIMO or MU-MIMO

· SU-MIMO or MU-MIMO with eICIC (6dB association bias + 2/10 ABS)

· SU-MIMO or MU-MIMO with CS/CB CoMP over sectorized coordination area
· SU-MIMO or MU-MIMO with eICIC (6dB association bias + 2/10 ABS) and CS/CB CoMP over sectorized coordination area
· SU-MIMO or MU-MIMO with CS/CB CoMP over site coordination area
· SU-MIMO or MU-MIMO with eICIC (6dB association bias + 2/10 ABS) and CS/CB CoMP over site coordination area
Table 1. Performance results for SU-MIMO
( l x m x n antenna configuration stands for l Tx Ant. at Macro node, m Tx Ant. at RRH node, and n Rx Ant. at UE. )
	Antenna
Configuration
	UE distribution
	Macro Area Tput

[Mbps]
	Gain[%]
	UE Tput

(5%)

[Mbps]
	Gain[%]
	Harmonic

Mean UE Tput [Mbps]
	Gain[%]
	Jain

Index

	2x2x2 Co-Pol
	uniform
	84.7 
	N/A
	0.50 
	N/A
	1.61 
	N/A
	0.47 

	2x2x2 X-Pol
	uniform
	74.4 
	N/A
	0.33 
	N/A
	1.15 
	N/A
	0.37 

	4x4x2 Co-Pol
	uniform
	98.6 
	N/A
	0.62 
	N/A
	1.97 
	N/A
	0.49 

	4x4x2 X-Pol
	uniform
	87.4 
	N/A
	0.43 
	N/A
	1.45 
	N/A
	0.41 

	2x2x2 Co-Pol
	clustered
	101.2 
	N/A
	0.69 
	N/A
	2.04 
	N/A
	0.63 

	2x2x2 X-Pol
	clustered
	94.2 
	N/A
	0.47 
	N/A
	1.51 
	N/A
	0.52 

	4x4x2 Co-Pol
	clustered
	114.5 
	N/A
	0.86 
	N/A
	2.45 
	N/A
	0.66 

	4x4x2 X-Pol
	clustered
	106.4 
	N/A
	0.60 
	N/A
	1.86 
	N/A
	0.56 


Table 2. Performance results for SU-MIMO with Rel.10 eICIC
	Antenna
Configuration
	UE distribution
	Macro Area Tput

[Mbps]
	Gain[%]
	UE Tput

(5%)

[Mbps]
	Gain[%]
	Harmonic

Mean UE Tput [Mbps]
	Gain[%]
	Jain

Index

	2x2x2 Co-Pol
	uniform
	88.1 
	3.9%
	0.64 
	27.8%
	1.94 
	20.5%
	0.54 

	2x2x2 X-Pol
	uniform
	76.8 
	3.3%
	0.45 
	33.8%
	1.39 
	21.2%
	0.41 

	4x4x2 Co-Pol
	uniform
	100.9 
	2.3%
	0.80 
	30.1%
	2.37 
	20.3%
	0.56 

	4x4x2 X-Pol
	uniform
	89.2 
	2.1%
	0.57 
	32.5%
	1.75 
	21.0%
	0.45 

	2x2x2 Co-Pol
	clustered
	106.3 
	5.1%
	0.87 
	26.2%
	2.41 
	18.3%
	0.71 

	2x2x2 X-Pol
	clustered
	100.4 
	6.6%
	0.60 
	28.4%
	1.83 
	21.2%
	0.57 

	4x4x2 Co-Pol
	clustered
	118.8 
	3.8%
	1.09 
	27.8%
	2.84 
	16.0%
	0.73 

	4x4x2 X-Pol
	clustered
	112.1 
	5.4%
	0.74 
	24.9%
	2.21 
	18.9%
	0.61 


Table 3. Performance results for SU-MIMO with CS/CB over sectorized CoMP area
	Antenna
Configuration
	UE distribution
	Macro Area Tput

[Mbps]
	Gain[%]
	UE Tput

(5%)

[Mbps]
	Gain[%]
	Harmonic

Mean UE Tput [Mbps]
	Gain[%]
	Jain

Index

	2x2x2 Co-Pol
	uniform
	89.0 
	5.1%
	0.51 
	3.4%
	1.72 
	7.2%
	0.50 

	2x2x2 X-Pol
	uniform
	76.4 
	2.7%
	0.37 
	12.0%
	1.30 
	12.7%
	0.42 

	4x4x2 Co-Pol
	uniform
	104.3 
	5.8%
	0.67 
	8.1%
	2.14 
	8.5%
	0.51 

	4x4x2 X-Pol
	uniform
	92.2 
	5.5%
	0.48 
	11.5%
	1.62 
	11.6%
	0.44 

	2x2x2 Co-Pol
	clustered
	107.4 
	6.1%
	0.78 
	12.4%
	2.32 
	13.8%
	0.68 

	2x2x2 X-Pol
	clustered
	96.2 
	2.1%
	0.54 
	15.6%
	1.77 
	17.4%
	0.59 

	4x4x2 Co-Pol
	clustered
	122.4 
	6.9%
	1.01 
	18.3%
	2.81 
	14.6%
	0.70 

	4x4x2 X-Pol
	clustered
	113.5 
	6.6%
	0.70 
	18.3%
	2.21 
	18.9%
	0.62 


Table 4. Performance results for SU-MIMO with Rel.10 eICIC and CS/CB over sectorized CoMP area
	Antenna
Configuration
	UE distribution
	Macro Area Tput

[Mbps]
	Gain[%]
	UE Tput

(5%)

[Mbps]
	Gain[%]
	Harmonic

Mean UE Tput [Mbps]
	Gain[%]
	Jain

Index

	2x2x2 Co-Pol
	uniform
	90.9 
	7.2%
	0.64 
	29.6%
	2.03 
	26.5%
	0.56 

	2x2x2 X-Pol
	uniform
	78.2 
	5.1%
	0.47 
	39.5%
	1.52 
	31.8%
	0.46 

	4x4x2 Co-Pol
	uniform
	104.8 
	6.2%
	0.86 
	39.6%
	2.50 
	27.0%
	0.58 

	4x4x2 X-Pol
	uniform
	92.9 
	6.3%
	0.62 
	42.9%
	1.89 
	30.6%
	0.48 

	2x2x2 Co-Pol
	clustered
	109.9 
	8.7%
	0.96 
	38.7%
	2.62 
	28.5%
	0.74 

	2x2x2 X-Pol
	clustered
	99.6 
	5.8%
	0.68 
	45.1%
	2.04 
	35.4%
	0.63 

	4x4x2 Co-Pol
	clustered
	123.8 
	8.1%
	1.24 
	44.5%
	3.12 
	27.3%
	0.76 

	4x4x2 X-Pol
	clustered
	116.2 
	9.2%
	0.83 
	40.1%
	2.48 
	33.8%
	0.66 


Table 5. Performance results for SU-MIMO with CS/CB over site CoMP area
	Antenna
Configuration
	UE distribution
	Macro Area Tput

[Mbps]
	Gain[%]
	UE Tput

(5%)

[Mbps]
	Gain[%]
	Harmonic

Mean UE Tput [Mbps]
	Gain[%]
	Jain

Index

	2x2x2 Co-Pol
	uniform
	91.3 
	7.8%
	0.65 
	30.6%
	1.98 
	23.0%
	0.53 

	2x2x2 X-Pol
	uniform
	79.2 
	6.5%
	0.47 
	41.9%
	1.55 
	34.9%
	0.45 

	4x4x2 Co-Pol
	uniform
	107.3 
	8.8%
	0.82 
	32.4%
	2.40 
	21.8%
	0.54 

	4x4x2 X-Pol
	uniform
	95.0 
	8.8%
	0.58 
	34.3%
	1.85 
	27.9%
	0.47 

	2x2x2 Co-Pol
	clustered
	109.3 
	8.1%
	0.94 
	36.5%
	2.52 
	23.4%
	0.70 

	2x2x2 X-Pol
	clustered
	98.4 
	4.5%
	0.67 
	43.5%
	2.00 
	32.6%
	0.61 

	4x4x2 Co-Pol
	clustered
	124.9 
	9.1%
	1.15 
	34.6%
	3.00 
	22.3%
	0.72 

	4x4x2 X-Pol
	clustered
	116.0 
	9.0%
	0.84 
	41.9%
	2.42 
	30.5%
	0.64 


Table 6. Performance results for SU-MIMO with Rel.10 eICIC and CS/CB over site CoMP area
	Antenna
Configuration
	UE distribution
	Macro Area Tput

[Mbps]
	Gain[%]
	UE Tput

(5%)

[Mbps]
	Gain[%]
	Harmonic

Mean UE Tput [Mbps]
	Gain[%]
	Jain

Index

	2x2x2 Co-Pol
	uniform
	92.5 
	9.2%
	0.81 
	63.6%
	2.26 
	40.6%
	0.58 

	2x2x2 X-Pol
	uniform
	80.2 
	7.8%
	0.62 
	87.1%
	1.78 
	54.5%
	0.49 

	4x4x2 Co-Pol
	uniform
	107.1 
	8.6%
	1.02 
	65.9%
	2.72 
	38.3%
	0.60 

	4x4x2 X-Pol
	uniform
	95.0 
	8.7%
	0.76 
	76.8%
	2.13 
	46.9%
	0.51 

	2x2x2 Co-Pol
	clustered
	111.0 
	9.8%
	1.12 
	62.3%
	2.77 
	35.6%
	0.75 

	2x2x2 X-Pol
	clustered
	101.0 
	7.2%
	0.83 
	77.1%
	2.24 
	48.6%
	0.65 

	4x4x2 Co-Pol
	clustered
	125.5 
	9.6%
	1.39 
	62.8%
	3.26 
	32.9%
	0.77 

	4x4x2 X-Pol
	clustered
	117.9 
	10.8%
	1.00 
	67.2%
	2.66 
	43.1%
	0.68 


Table 7. Performance results for MU-MIMO
	Antenna
Configuration
	UE distribution
	Macro Area Tput

[Mbps]
	Gain[%]
	UE Tput

(5%)

[Mbps]
	Gain[%]
	Harmonic

Mean UE Tput [Mbps]
	Gain[%]
	Jain

Index

	2x2x2 Co-Pol
	uniform
	87.4 
	N/A
	0.56 
	N/A
	1.71 
	N/A
	0.46 

	2x2x2 X-Pol
	uniform
	71.9 
	N/A
	0.39 
	N/A
	1.29 
	N/A
	0.43 

	4x4x2 Co-Pol
	uniform
	120.4 
	N/A
	0.81 
	N/A
	2.51 
	N/A
	0.52 

	4x4x2 X-Pol
	uniform
	84.6 
	N/A
	0.52 
	N/A
	1.61 
	N/A
	0.44 

	2x2x2 Co-Pol
	clustered
	103.5 
	N/A
	0.77 
	N/A
	2.15 
	N/A
	0.62 

	2x2x2 X-Pol
	clustered
	85.5 
	N/A
	0.49 
	N/A
	1.56 
	N/A
	0.60 

	4x4x2 Co-Pol
	clustered
	142.8 
	N/A
	1.16 
	N/A
	3.14 
	N/A
	0.67 

	4x4x2 X-Pol
	clustered
	98.9 
	N/A
	0.68 
	N/A
	1.96 
	N/A
	0.59 


Table 8. Performance results for MU-MIMO with Rel.10 eICIC
	Antenna
Configuration
	UE distribution
	Macro Area Tput

[Mbps]
	Gain[%]
	UE Tput

(5%)

[Mbps]
	Gain[%]
	Harmonic

Mean UE Tput [Mbps]
	Gain[%]
	Jain

Index

	2x2x2 Co-Pol
	uniform
	87.2 
	-0.2%
	0.66 
	17.7%
	1.92 
	12.2%
	0.52 

	2x2x2 X-Pol
	uniform
	73.5 
	2.3%
	0.49 
	26.3%
	1.50 
	16.4%
	0.47 

	4x4x2 Co-Pol
	uniform
	120.2 
	-0.1%
	1.00 
	23.3%
	2.82 
	12.6%
	0.57 

	4x4x2 X-Pol
	uniform
	82.9 
	-2.0%
	0.63 
	22.3%
	1.79 
	10.9%
	0.48 

	2x2x2 Co-Pol
	clustered
	104.8 
	1.2%
	0.88 
	13.6%
	2.30 
	7.3%
	0.65 

	2x2x2 X-Pol
	clustered
	90.5 
	5.9%
	0.60 
	22.8%
	1.84 
	17.5%
	0.65 

	4x4x2 Co-Pol
	clustered
	144.6 
	1.2%
	1.32 
	14.4%
	3.35 
	6.7%
	0.70 

	4x4x2 X-Pol
	clustered
	100.0 
	1.2%
	0.76 
	10.7%
	2.08 
	5.8%
	0.60 


Table 9. Performance results for MU-MIMO with CS/CB over sectorized CoMP area
	Antenna
Configuration
	UE distribution
	Macro Area Tput

[Mbps]
	Gain[%]
	UE Tput

(5%)

[Mbps]
	Gain[%]
	Harmonic

Mean UE Tput [Mbps]
	Gain[%]
	Jain

Index

	2x2x2 Co-Pol
	uniform
	89.4 
	2.4%
	0.58 
	2.9%
	1.79 
	4.7%
	0.49 

	2x2x2 X-Pol
	uniform
	73.2 
	1.8%
	0.44 
	14.0%
	1.44 
	11.9%
	0.49 

	4x4x2 Co-Pol
	uniform
	123.9 
	2.9%
	0.85 
	5.5%
	2.62 
	4.5%
	0.54 

	4x4x2 X-Pol
	uniform
	87.2 
	3.1%
	0.57 
	9.6%
	1.75 
	8.3%
	0.47 

	2x2x2 Co-Pol
	clustered
	106.7 
	3.1%
	0.84 
	8.8%
	2.32 
	7.9%
	0.66 

	2x2x2 X-Pol
	clustered
	87.0 
	1.8%
	0.57 
	16.1%
	1.81 
	16.0%
	0.67 

	4x4x2 Co-Pol
	clustered
	148.4 
	3.9%
	1.28 
	11.1%
	3.40 
	8.3%
	0.69 

	4x4x2 X-Pol
	clustered
	102.2 
	3.4%
	0.79 
	15.5%
	2.18 
	11.1%
	0.63 


Table 10. Performance results for MU-MIMO with Rel.10 eICIC and CS/CB over sectorized CoMP area
	Antenna
Configuration
	UE distribution
	Macro Area Tput

[Mbps]
	Gain[%]
	UE Tput

(5%)

[Mbps]
	Gain[%]
	Harmonic

Mean UE Tput [Mbps]
	Gain[%]
	Jain

Index

	2x2x2 Co-Pol
	uniform
	89.0 
	1.9%
	0.68 
	21.1%
	1.98 
	15.8%
	0.54 

	2x2x2 X-Pol
	uniform
	74.7 
	4.0%
	0.52 
	33.9%
	1.61 
	25.2%
	0.53 

	4x4x2 Co-Pol
	uniform
	122.5 
	1.8%
	1.03 
	27.1%
	2.90 
	15.7%
	0.59 

	4x4x2 X-Pol
	uniform
	85.4 
	0.9%
	0.65 
	25.3%
	1.87 
	15.9%
	0.50 

	2x2x2 Co-Pol
	clustered
	106.4 
	2.7%
	0.90 
	15.9%
	2.38 
	11.1%
	0.68 

	2x2x2 X-Pol
	clustered
	89.7 
	4.9%
	0.69 
	40.7%
	2.03 
	29.7%
	0.71 

	4x4x2 Co-Pol
	clustered
	147.7 
	3.4%
	1.38 
	19.6%
	3.50 
	11.5%
	0.72 

	4x4x2 X-Pol
	clustered
	101.8 
	3.0%
	0.79 
	16.2%
	2.19 
	11.7%
	0.64 


Table 11. Performance results for MU-MIMO with CS/CB over site CoMP area
	Antenna
Configuration
	UE distribution
	Macro Area Tput

[Mbps]
	Gain[%]
	UE Tput

(5%)

[Mbps]
	Gain[%]
	Harmonic

Mean UE Tput [Mbps]
	Gain[%]
	Jain

Index

	2x2x2 Co-Pol
	uniform
	90.9 
	4.0%
	0.69 
	23.4%
	1.97 
	15.0%
	0.51 

	2x2x2 X-Pol
	uniform
	75.7 
	5.3%
	0.53 
	35.9%
	1.65 
	28.1%
	0.52 

	4x4x2 Co-Pol
	uniform
	126.1 
	4.7%
	0.99 
	22.7%
	2.84 
	13.4%
	0.56 

	4x4x2 X-Pol
	uniform
	89.2 
	5.5%
	0.67 
	28.7%
	1.92 
	18.7%
	0.50 

	2x2x2 Co-Pol
	clustered
	107.9 
	4.2%
	0.96 
	24.0%
	2.45 
	14.4%
	0.67 

	2x2x2 X-Pol
	clustered
	89.0 
	4.2%
	0.68 
	37.6%
	2.00 
	27.7%
	0.70 

	4x4x2 Co-Pol
	clustered
	150.3 
	5.2%
	1.38 
	19.6%
	3.54 
	13.0%
	0.70 

	4x4x2 X-Pol
	clustered
	103.9 
	5.1%
	0.88 
	28.4%
	2.30 
	17.3%
	0.65 


Table 12. Performance results for MU-MIMO with Rel.10 eICIC and CS/CB over site CoMP area
	Antenna
Configuration
	UE distribution
	Macro Area Tput

[Mbps]
	Gain[%]
	UE Tput

(5%)

[Mbps]
	Gain[%]
	Harmonic

Mean UE Tput [Mbps]
	Gain[%]
	Jain

Index

	2x2x2 Co-Pol
	uniform
	90.0 
	3.0%
	0.79 
	41.3%
	2.13 
	24.4%
	0.55 

	2x2x2 X-Pol
	uniform
	76.4 
	6.3%
	0.62 
	61.6%
	1.82 
	41.4%
	0.56 

	4x4x2 Co-Pol
	uniform
	124.2 
	3.2%
	1.14 
	40.3%
	3.07 
	22.4%
	0.60 

	4x4x2 X-Pol
	uniform
	86.8 
	2.6%
	0.77 
	48.0%
	2.02 
	25.2%
	0.53 

	2x2x2 Co-Pol
	clustered
	106.8 
	3.2%
	0.98 
	26.7%
	2.48 
	15.5%
	0.69 

	2x2x2 X-Pol
	clustered
	90.8 
	6.2%
	0.83 
	68.2%
	2.19 
	39.9%
	0.73 

	4x4x2 Co-Pol
	clustered
	148.5 
	3.9%
	1.47 
	26.9%
	3.59 
	14.4%
	0.73 

	4x4x2 X-Pol
	clustered
	102.9 
	4.0%
	0.84 
	23.5%
	2.27 
	15.6%
	0.65 
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Figure 1. 5% edge UE performance gain for SU-MIMO system
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Figure 2. 5% edge UE performance gain for MU-MIMO system
Figure 1 and 2 show 5% edge UE performance gain for SU-MIMO and MU-MIMO system, respectively. In the figures, CoMP05 denotes CoMP scheme over sectorized coordination area, and CoMP15 for CoMP scheme over site coordination area.
When we compare CoMP05 scheme to eICIC scheme, we can observe that Rel.10 eICIC scheme has better performance compared to CS/CB over sectorized coordination area. As known well through the study of eICIC in Release 10, the gain of eICIC scheme comes from two major parts: one from load balancing by cell range expansion and the other from interference coordination by ABS subframe setting. If CS/CB CoMP scheme with cell range expansion is considered, the gains could be obtained by load balancing and interference coordination. However, coordination is restricted within CoMP cluster and limited due to imperfect CSI feedback. Table 13 shows the performance of CS/CB CoMP scheme with 6dB CRE. From those results, we can conclude that Rel.10 eICIC scheme is more robust for interference coordination between macro node and low power node. 
Table 13. Performance results for SU-MIMO with 6dB CRE and CS/CB over sectorized CoMP area
	Antenna
Configuration
	UE distribution
	Macro Area Tput

[Mbps]
	Gain[%]
	UE Tput

(5%)

[Mbps]
	Gain[%]
	Harmonic

Mean UE Tput [Mbps]
	Gain[%]
	Jain

Index

	2x2x2 Co-Pol
	uniform
	84.7 
	0.0%
	0.61 
	22.5%
	1.91 
	19.2%
	0.56 

	2x2x2 X-Pol
	uniform
	73.1 
	-1.6%
	0.43 
	27.9%
	1.42 
	24.0%
	0.46 

	4x4x2 Co-Pol
	uniform
	99.5 
	0.9%
	0.84 
	35.7%
	2.44 
	24.2%
	0.59 

	4x4x2 X-Pol
	uniform
	87.6 
	0.3%
	0.60 
	39.7%
	1.86 
	28.2%
	0.49 

	2x2x2 Co-Pol
	clustered
	103.0 
	1.8%
	0.78 
	13.3%
	2.34 
	14.6%
	0.73 

	2x2x2 X-Pol
	clustered
	92.7 
	-1.6%
	0.53 
	13.8%
	1.78 
	17.9%
	0.62 

	4x4x2 Co-Pol
	clustered
	118.1 
	3.2%
	1.06 
	23.8%
	2.86 
	16.8%
	0.75 

	4x4x2 X-Pol
	clustered
	108.7 
	2.1%
	0.70 
	17.5%
	2.22 
	19.7%
	0.65 


From results of CoMP schemes combined with eICIC, we can observe that CoMP has additional gain on top of gain from eICIC.  When we compare CoMP05+eICIC scheme to eICIC scheme, average 7% gain is shown in terms of edge UE performance. This marginal gain seems to come from dynamic interference coordination. When we compare CoMP15+eICIC scheme to eICIC scheme, average 25% gain is shown in terms of edge UE performance. This gain comes from intra site coordination, which cannot be achieved by eICIC.
Table 14 shows average number of active UE and average number of simultaneous scheduled UE per each node that are obtain by scheduling algorithm in this simulation.  For Scenario 3, the required number of control channel for DL grant is up to 5 that results in reasonable control channel overhead and can be supported by 2 OFDM PDCCH format. For Scenario 4, the required number of control channel over a macro area with 4 RRH transmission points is up to 15 for only DL grant message. Based on analysis in [5], this overhead cannot be supported even if 3 OFDM PDCCH format is used. Therefore, the incensement of control channel capacity by designing E-PDCCH is necessary. Otherwise, performance loss from scheduling restriction on the number of simultaneous scheduled UE is inevitable for Scenario 4.
Table 14. The number of UE and scheduled UE
	
	Average number of active UE per macro node
	Average number of active UE per RRH node
	Average number of simultaneous scheduled UE per macro node
	Average number of simultaneous scheduled UE per RRH node

	0dB CRE and uniform drop
	11.0
	3.5
	4.2
	2.1

	6dB CRE and uniform drop
	8.1
	4.2
	2.9
	2.0

	0dB CRE and clustered drop
	8.6
	5.3
	3.6
	2.7

	6dB CRE and clustered drop
	5.7
	6.1
	2.3
	2.5


4. Conclusion
In this contribution, we have presented performance results of CS/CB CoMP over heterogeneous environment. 

Through this evaluation results, we can observe the following:

· CoMP15 combined with eICIC achieves up to 87% edge UE’s throughput gain compared with Non-CoMP without Rel. 10 eICIC scheme.

· When we compare CoMP05 scheme with eICIC scheme, we can conclude that Rel.10 eICIC scheme is more robust for interference coordination between macro node and low power node.

· CoMP15 scheme has large additional gain over eICIC scheme because it provides coordination within intra-site macro nodes.

· When we compare CoMP15 scheme with intra-site CoMP scheme over homogeneous network in [4], we can conclude that CoMP scheme is more beneficial over heterogeneous network environment.
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Appendix
Table A-1.  Simulation Parameters and Assumptions

	Parameter
	Value and Assumption

	Macro cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site, wrap-around

Inter-site distance: 500[m]

	Low Power node  layout
	4 low power nodes per macro cell

Uniform distribution in the geographic area of a macro cell

	Carrier Frequency  
	2GHz

	Duplex method 
	FDD 10 +10MHz

	Network synchronization
	Synchronized

	UE dropping
	25*57 UE, uniform dropping for Configuration 1 and

30*57 UE, clustered dropping for Configuration 4b based on TR36.814

	Handover margin
	1dB

	Antenna pattern
	3 dimension model [TR36.814] for macro node
2 dimension omni-direction model for low power node

	Antenna configuration
	4x4x2 and 2x2x2 antenna 
(# of Tx Ant. at Macro node x # of Tx Ant. at RRH node x # of Rx Ant. at UE)

Macro & low power node: Co-polarized or X- polarized antennas, 0.5 wavelengths separation
UE: Co-polarized or X- polarized antennas, 0.5 wavelengths separation

	Transmission scheme 
	SU-MIMO and MU-MIMO
SU-CS/CB -MIMO and MU-CS/CB -MIMO 

	Scheduler
	Proportional Fair in Time and Frequency 

	Channel quality report
	6RB Sub-band report for CQI and channel direction information.
5ms CQI reports periodicity,
6ms delay total (measurement in subframe n is used in subframe n+6)
MCSs based on LTE transport formats [36.213]
4 bit LTE codebook as feedback codebook

	HARQ scheme
	Incremental Redundancy (IR) , Maximum 4 transmissions
Initial transmission target FER: 10%

	Receiver type
	MMSE (option 1 of R1-110586)

	Channel estimation
	Non-ideal for demodulation & CSI measurement

	Control channel and reference signal overhead 
	4.067 OFDM symbols per RB for 4Tx, 3.83 for 2Tx with CSI-RS muting 

- PDCCH overhead : (4/10subframes * 3 symbol + 6/10subframes * 2 ) 

- DRS overhead : 12RE/RB.   
- CRS overhead : 4/10subframes*6RE/RB

- CSI-RS overhead : 2/10subframes * (#TxAnt) RE/RB * (7 RF) 

	Feedback and control channel errors
	Ideal

	Traffic Model
	Full buffer traffic model
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