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1. Introduction
Coordinated Multi-Point Operation (CoMP) is a promising technology and has been widely study in LTE-A SI. In order to further study on CoMP and decide which type of CoMP will be included in later release, a revised CoMP Study Item has been started at RAN#50. In the last RAN1 meeting, CoMP simulation assumption for homogenous network and UE receiver assumption have been agreed in R1-110603 and R1-110576. According to these two simulation assumption, some initial performance evaluation results for CoMP with full buffer traffic have been shown in this contribution.
2. Initial evaluation results for CoMP in homogeneous network
According to the agreed CoMP simulation assumption, some initial performance evaluation results for CoMP in TD-LTE-Advanced systems have been shown in this section. The detailed simulation assumptions and parameters are listed in the Appendix. 
· 3GPP Case 1 simulation scenarios
In this part, SU-MIMO, MU-MIMO, and CoMP are evaluated in 3GPP Case 1 simulation scenario. The UE receiver is MMSE-IRC defined in R1-110576. CoMP is intra-site 3 sectors cooperation. The SRS period is 15ms, and SRS coordination among intra-site 3 sectors is considered. There are two kinds of channel estimation algorithms: Ideal PDP and Exponential PDP. Ideal PDP means channel estimation with ideal PDP knowledge, while Exponential PDP means channel estimation without PDP knowledge. 
	Channel estimation
	EBB

(4x2)
	EBB

(8x2)
	MU-MIMO

(4x2)
	MU-MIMO

(8x2)
	CoMP-JP

(4x2)
	CoMP-JP

(8x2)

	Ideal SRS and DM-RS channel estimation
	2.35/0.085
	2.61/0.119
	3.72/0.134
	6.03/0.217
	4.31/0.163
	7.31/0.269

	Consider SRS and DM-RS channel estimation errors (Ideal PDP)
	2.34/0.085
	2.58/0.113
	3.59/0.127
	5.63/0.195
	4.12/0.149
	7.11/0.206

	Consider SRS and DM-RS channel estimation errors (Exponential PDP)
	2.28/0.07
	2.55/0.108
	3.35/0.111
	5.10/0.152
	3.61/0.118
	5.75/0.154


From evaluation results, we can find that:
· In 3GPP case 1 simulation scenario:

· With ideal assumption in TDD system, CoMP-JP can obtain significant gains over single cell MU-MIMO by 16%-21% at the average cell throughput and 21%-24% at cell-edge user throughput respectively. 
· When SRS and DM-RS channel estimation error (ideal PDP) is considered, CoMP-JP can also obtain gains over single cell MU-MIMO by 15%-26% at the average cell throughput and 6%-17% at cell-edge user throughput respectively.
· When SRS and DM-RS channel estimation error (exponential PDP) is considered, CoMP-JP has marginal gains over single cell MU-MIMO by 8%-13% at the average cell throughput and 2%-6% at cell-edge user throughput respectively.
· Channel estimation algorithm has large impact on the performance.
· ITU UMi simulation scenarios
In this part, SU-MIMO, MU-MIMO, and CoMP are evaluated in ITU UMi simulation scenario. The UE receiver is MMSE-IRC defined in R1-110576. CoMP is intra-site 3 sectors cooperation. The SRS period is 15ms, and SRS coordination among intra-site 3 sectors is considered. There are two kinds of channel estimation algorithms: Ideal PDP and Exponential PDP. Ideal PDP means channel estimation with ideal PDP knowledge, while Exponential PDP means channel estimation without PDP knowledge.
	Channel estimation
	EBB

(4x2)
	EBB

(8x2)
	MU-MIMO

(4x2)
	MU-MIMO

(8x2)
	CoMP-JP

(4x2)
	CoMP-JP

(8x2)

	Ideal SRS and DM-RS channel estimation
	1.83/0.054
	2.1/0.065
	2.81/0.073
	4.76/0.136
	4.11/0.134
	6.51/0.186

	Consider SRS and DM-RS channel estimation errors (ideal PDP)
	1.80/0.054
	2.05/0.063
	2.74/0.057
	4.28/0.108
	3.43/0.100
	5.41/0.141

	Consider SRS and DM-RS channel estimation errors (Exponential PDP)
	1.78/0.045
	2.02/0.053
	2.54/0.045
	3.73/0.055
	3.07/0.064
	4.56/0.069


From evaluation results, we can find that:

· In ITU UMi simulation scenario:

· With ideal assumption in TDD system, CoMP-JP can obtain significant gains over single cell MU-MIMO by 38%-46% at the average cell throughput and 38%-84% at cell-edge user throughput respectively. 
· When SRS and DM-RS channel estimation error (ideal PDP) is considered, CoMP-JP can also obtain gains over single cell MU-MIMO by 25%-26% at the average cell throughput and 31%-75% at cell-edge user throughput respectively.
· When SRS and DM-RS channel estimation error (exponential PDP) is considered, CoMP-JP has marginal gains over single cell MU-MIMO by 20%-22% at the average cell throughput and 25%-42% at cell-edge user throughput respectively.
· Channel estimation algorithm has large impact on the performance of MU-MIMO and JP-CoMP.
· CoMP-JP in ITU UMi can bring more gains than that in 3GPP Case 1 since the inter-cell interference in ITU UMi scenario is much more serious than that in 3GPP Case 1 scenario.
· UE receiver impacts on the performance

According to R1-110576 which has been agreed in the reflector, the performance of different UE receivers is evaluated in this part. CoMP is intra-site 3 sectors cooperation. The SRS period is 5ms. Ideal SRS and DM-RS channel estimation is assumed. The results are expressed as (Average cell spectrum efficiency) / (Cell-edge user spectrum efficiency) / (Jain index).
3GPP case 1 simulation scenario, 4Tx/2Rx
	Receiver type
	EBB
	MU-MIMO
	CoMP-JP
	CoMP over MU-MIMO

	MMSE-IRC
	2.35 /0.085/0.83
	3.92/0.142/0.80
	4.75/0.171/0.87
	21% / 20%

	MMSE option 1
	2.28/0.076/0.84
	3.52/0.113/0.78
	4.34/0.165/0.87
	23% / 46%

	MMSE option 2
	2.28/0.076/0.76
	3.67/0.113/0.77
	4.69/0.165/0.86
	28% / 46%


From evaluation results, we can find that:

· MMSE-IRC, MMSE option1 and MMSE option2
· With MMSE-IRC receiver, CoMP-JP can obtain gains over single cell MU-MIMO by 21% at the average cell throughput and 20% at cell-edge user throughput respectively. 
· With MMSE option 1 receiver, CoMP-JP can obtain gains over single cell MU-MIMO by 23% at the average cell throughput and 46% at cell-edge user throughput respectively.
· With MMSE option 2 receiver, CoMP-JP can obtain gains over single cell MU-MIMO by 28% at the average cell throughput and 46% at cell-edge user throughput respectively.
· Since advanced receiver has certain ability to eliminate inter-cell interference, the CoMP gain is smaller.
· CoMP-JP has larger Jain index.
· Intra-site JP-CoMP (3 cells cooperation) vs inter-site JP-CoMP (3 cells cooperation)
In this part, the performance of intra-site JP-CoMP and inter-site JP-CoMP is evaluated. The SRS period is 5ms. Ideal SRS and DM-RS channel estimation is assumed.
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Intra-site JP-CoMP (3cells cooperation) layout                Inter-site JP-CoMP (3cells cooperation) layout

	Simulation scenarios
	Intra-site
	Inter-site
	Gains

	3GPP case1, 4Tx
	4.75/0.171
	3.99/0.120
	16% / 30%

	3GPP case1, 8Tx
	8.69/0.287
	7.08/0.246
	18% /14%

	ITU UMi, 4Tx
	4.47/0.126
	3.11/0.059
	30% / 53%

	ITU Umi, 8Tx
	7.96/0.220
	5.17/0.133
	35% / 40%


From evaluation results, we can find that:

· With 3D antenna pattern, intra-site JP-CoMP can obtain gains over inter-site JP-CoMP by 16%-35% at the average cell throughput and 14%-53% at cell-edge user throughput respectively. 
3. Conclusions
From initial evaluation results, considering intra-site 3 sectors cooperation (CoMP-JP), we find that:

· In 3GPP case 1 simulation scenario:

· With ideal assumption in TDD system, CoMP-JP can obtain significant gains over single cell MU-MIMO by 16%-21% at the average cell throughput and 21%-24% at cell-edge user throughput respectively. 
· When SRS and DM-RS channel estimation error (ideal PDP) is considered, CoMP-JP can also obtain gains over single cell MU-MIMO by 15%-26% at the average cell throughput and 6%-17% at cell-edge user throughput respectively.
· When SRS and DM-RS channel estimation error (exponential PDP) is considered, CoMP-JP has marginal gains over single cell MU-MIMO by 8%-13% at the average cell throughput and 2%-6% at cell-edge user throughput respectively.
· In ITU Umi simulation scenario:

· With ideal assumption in TDD system, CoMP-JP can obtain significant gains over single cell MU-MIMO by 38%-46% at the average cell throughput and 38%-84% at cell-edge user throughput respectively. 
· When SRS and DM-RS channel estimation error (ideal PDP) is considered, CoMP-JP can also obtain gains over single cell MU-MIMO by 25%-26% at the average cell throughput and 31%-75% at cell-edge user throughput respectively.
· When SRS and DM-RS channel estimation error (exponential PDP) is considered, CoMP-JP has marginal gains over single cell MU-MIMO by 20%-22% at the average cell throughput and 25%-42% at cell-edge user throughput respectively.
· Channel estimation algorithm has large impact on the performance of MU-MIMO and JP-CoMP.

· CoMP-JP in ITU Umi can bring more gains than that in 3GPP Case 1 since the inter-cell interference in ITU Umi scenario is much more serious than that in 3GPP Case 1 scenario.
· MMSE-IRC, MMSE option1 and MMSE option2
· With MMSE-IRC receiver, CoMP-JP can obtain gains over single cell MU-MIMO by 21% at the average cell throughput and 20% at cell-edge user throughput respectively. 
· With MMSE option 1 receiver, CoMP-JP can obtain gains over single cell MU-MIMO by 23% at the average cell throughput and 46% at cell-edge user throughput respectively.
· With MMSE option 2 receiver, CoMP-JP can obtain gains over single cell MU-MIMO by 28% at the average cell throughput and 46% at cell-edge user throughput respectively.
· Since advanced receiver has certain ability to eliminate inter-cell interference, the CoMP gain is smaller.
· With 3D antenna pattern, intra-site JP-CoMP can obtain gains over inter-site JP-CoMP by 16%-35% at the average cell throughput and 14%-53% at cell-edge user throughput respectively. 
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5. Appendix

5.1. Simulation assumptions
The channel models and assumptions are aligned with the CoMP simulation assumptions in R1-110603. The detailed parameters are provided in following table.
Table1. Simulation models and assumptions
	Parameter
	Values used for evaluation

	Deployment scenarios
	Homogeneous network with intra-site and inter-site CoMP (3 cell cooperation)

	Simulation scenarios
	3GPP Case 1 and ITU Umi

	Number of Ues per cell
	Full buffer traffic model: 10 for Homogeneous networks

	Antenna Pattern
	3D Pattern defined in 36.814, Am = 25dB for 3GPP Case 1 and Am = 20dB for ITU Umi

	Antenna downtilt
	15 degrees for 3GPP Case 1 and 12 degrees for ITU Umi

	Channel Model
	SCM-Uma high spread for 3GPP Case 1 and ITU Umi channel for Umi

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	· SU-MIMO

· MU-MIMO

· MU-MIMO with intra-site JP-CoMP
· MU-MIMO with inter-site JP-CoMP

	Impairments modelling
	Non-ideal SRS and DM-RS channel estimation

(Modeled as complex Gaussian random variable with zero mean and variance of σ2.)

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	4, 8

	Number of antennas at UE
	2

	Antenna configuration
	· 4 Tx antennas

2 columns, cross-polarized on each column, closely-spaced: X X

· 8 Tx antennas

4 columns, cross-polarized on each column, closely-spaced: X X X X

When cross-polarized antenna configuration is applied to transmission point, it is also applied to UE.

	SRS configuration
	The SRS period is 15ms, and SRS coordination among intra-site 3 sectors is considered.

SRS power control is also considered in the simulation.

	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	Sounding-based precoding, sounding period is 15ms and 5ms, subband CQI with measurement error: N(0,1) per PRB

	UE receiver
	MMSE option1, MMSE option2 and MMSE-IRC defined in R1-110576

	Placing of UEs
	Uniform distribution

	Traffic model
	Full buffer 

	Backhaul assumptions
	[point-to-point fiber, zero] latency and infinite capacity

	Downlink scheduler
	Proportional Fair in Time and Frequency
Maximum number of co-scheduled UEs per sector for MU-MIMO: 2 for 4Tx, 4 for 8Tx

Maximum number of co-scheduled UEs per site for CoMP: 6 for 4Tx, 12 for 8Tx
User grouping and joint scheduling are considered in MU-MIMO and CoMP

	Link adaptation
	MI-ESM



























































































































































































































































































































































































































































































































































