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1. Introduction
Coordinated Multi-Point Operation (CoMP) is a promising technology and has been widely studied as a Rel-10 study item. In order to further study on CoMP and decide whether CoMP will be included in later release, a revised CoMP Study Item has been started at RAN#50[1]. Based on the efforts of the last RAN1 meetings and email discussions, a consensus on CoMP simulation assumption has been achieved in R1-111125[2]. According to the simulation assumption, some initial performance evaluation results for CoMP with full buffer traffic under deployment scenarios 1 and 2 have been shown in this contribution.
2. Performance evaluation for DL CoMP in homogeneous network
According to the agreed CoMP simulation assumption, some initial performance evaluation results for CoMP for LTE TDD systems have been shown in this section. The detailed simulation assumptions and parameters are listed at Appendix A. The UEs utilize MMSE-IRC receivers defined in R1-110586[3]. The SRS period is 15ms.SRS coordination is considered and SRS channel estimation error modeling is described at Appendix B.  In our simulations, 3 intra-site cells are coordinated to serve UEs in Scenario 1 whereas 9 cells collaborate for transmission in Scenario 2.
In this part, SU-MIMO, MU-MIMO, and CoMP are evaluated. The following assumptions are considered,
· Antenna Configuration

· 4 and 8 cross-polarized transmit antennas with 0.5lamda spacing

· Scheduling algorithm

· For 4Tx, up to 2 users per sector are co-scheduled on the same RB.

· For 8Tx, up to 4 users per sector are co-scheduled on the same RB.

· Appendix C provides detailed algorithm.

· CoMP Scheme

· Only Joint Processing (JP) is simulated in the simulation which enables cells in a coordination set coherently transmit signals to UEs.

· Simulated scenarios

· 3GPP Case 1

· ITU UMi (more realistic environment thus the conclusion is based on UMi simulation results)
2.1. 3GPP Case 1 simulation scenarios
· 4Tx (XX)/2Rx
	MIMO technologies
	SU-MIMO
	MU-MIMO
	CoMP-JP

Scenario1
	CoMP-JP
Scenario2
	CoMP-JP

Scenario1 Gain over MU-MIMO
	CoMP-JP

Scenario2 Gain over MU-MIMO

	Ave. cell spectrum efficiency
(bps/Hz)
	2.26
	3.48
	3.89
	4.08
	12%
	17%

	Cell-edge spectrum efficiency
(bps/Hz)
	0.066
	0.102
	0.142
	0.161
	39%
	58%


· 8Tx(XXXX)/2Rx
	MIMO technologies
	SU-MIMO
	MU-MIMO
	CoMP-JP

Scenario1
	CoMP-JP

Scenario1 Gain over MU-MIMO

	Ave. cell spectrum efficiency
(bps/Hz)
	2.54
	5.46
	6.15
	13%

	Cell-edge spectrum efficiency
(bps/Hz)
	0.098
	0.183
	0.227
	24%


2.2. ITU UMi simulation scenarios
· 4Tx(XX)/2Rx
The scheduling unit in CoMP is the cooperation cluster other than sector.

	MIMO technologies
	SU-MIMO
	MU-MIMO
	CoMP-JP

Scenario1
	CoMP-JP 
Scenario2
	CoMP-JP

Scenario1 Gain over MU-MIMO
	CoMP-JP Scenario2 Gain over MU-MIMO

	Ave. cell spectrum efficiency
(bps/Hz)
	1.74
	2.57
	3.06
	3.18
	19%
	24%

	Cell-edge spectrum efficiency
(bps/Hz)
	0.046
	0.058
	0.083
	0.09
	43%
	55%


· 8Tx(XXXX)/2Rx
	MIMO technologies
	SU-MIMO
	MU-MIMO
	CoMP-JP

Scenario1
	CoMP-JP

Scenario1 Gain over MU-MIMO

	Ave. cell spectrum efficiency
	1.97
	3.88
	4.84
	25%

	Cell-edge spectrum efficiency
	0.052
	0.083
	0.138
	66%


3. Performance evaluation for UL CoMP in homogeneous network

Some initial performance evaluation results for UL CoMP in LTE-Advanced TDD systems have been shown in this section. The detailed simulation assumptions and parameters are listed at Appendix A. The receiver is MMSE-IRC defined in R1-110586[3]. CoMP is under homogeneous network with intra-site 3 sectors. The SRS period is 5ms. P0 and alpha in power control parameters are -81dBm and 0.8 respectively. Total maximum transmission power is 23 dBm.
· 3GPP case 1 with 1Tx/8Rx(XXXX)
In this part, SU-MIMO, MU-MIMO, and CoMP are evaluated in 3GPP Case 1 simulation scenario with 8 cross-polarized antennas at the eNB with 0.5 lamda spacing. Up to 2 users per sector are co-scheduled on the same RB using PF scheduling algorithm.

	MIMO technologies
	MU-MIMO
	CoMP-JP

Scenario1
	CoMP-JP

Scenario1 Gain over MU-MIMO

	Ave. cell spectrum efficiency
	3.96
	4.76
	20%

	Cell-edge spectrum efficiency
	0.06
	0.075
	25%


4. Conclusions
The following proposals is proposed based on the observations of simulation results:

Proposal 1: intra-site (3 cells) JP shall be candidate downlink transmission scheme.
· CoMP-JP in scenario1 can obtain significant gains over single cell MU-MIMO at both average cell throughput (12%-25%) and cell-edge user throughput (24%-66%).

Proposal 2: inter-site (9 cells) JP shall give low priority in R11 SI/WI due to marginal gain over intra-site (3 cells) JP.
· CoMP-JP in scenario2 improves 5% over scenario 1 only. BTW, it improves the cell-edge user throughput by about 13%.

Proposal 3: intra-site (3 cells) JP shall be candidate uplink transmission scheme.
· CoMP-JP in scenario1 can obtain significant gains over single cell MU-MIMO at both average cell throughput (20%) and cell-edge user throughput (25%) in 3GPP case 1.
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Appendix

A. Simulation assumptions
The channel models and assumptions are aligned with the CoMP simulation assumptions in R1-111125. The detailed parameters are provided in following table.

Table1. Simulation models and assumptions
	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario1: Homogeneous network with intra-site CoMP

Scenario2: Homogeneous network with high Tx power RRHs 

· The central entity can coordinate 9 cells as a baseline (Reference layout is given in Appendix) 

	Simulation case
	3GPP Case1 and ITU UMi

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

	System bandwidth
	10 MHz

	Possible transmission schemes
	· SU-MIMO

· MU-MIMO

· JP-CoMP

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	4, 8

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

	eNB Antenna tilt
	15 degrees for 3GPP Case1 and 12 degrees for ITU UMi

	Channel estimation
	SRS channel estimation error modeling, processing gain 
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	Impairments modelling
	Non-ideal SRS channel estimation

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

	Receiver
	Advanced MMSE with IRC receiver

Details are described in R1-110586

	Placing of UEs
	Uniform distribution for homogeneous networks

	Antenna configuration
	· 2 Tx antenna
2 columns, cross-polarized on each column, closely-spaced: X X
· 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.

	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 and CoMP: 2 for 4Tx, 4 for 8Tx

User grouping and joint scheduling are considered in MU-MIMO and CoMP

	Uplink power control
	P = min{Pmax, 10log10(M)+P0+alpha
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Pmax = 23dBm, P0 = -81dBm, alpha = 0.8


B. SRS/CSI-RS channel estimation error modeling
It’s well known that acquisition of channel station information (CSI) is critical for the achievability of CoMP gain; however, channel estimation affects the accuracy of CSI in a large scale. This contribution clarifies our preliminary SRS/CSI-RS channel estimation error modelling for system level simulation.

Construct the estimated channel directly is encouraged for more realistic modeling. The following abstract model can be used if realistic modeling is not available.

The channel estimation error can be modelled as
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· 
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 is the estimated channel
· 
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is the real channel in frequency domain
· 
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 is the white complex Gaussian variables with zero mean and variance 
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· 
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 is the scaling factor
Calculation of 
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The variance 
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 of complex Gaussian noise by computing SRS received power, noise and interference power taking into account. 
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 is given as
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where the 
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 is processing gain. For SRS each company indicates 
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 and corresponding SNRvs.MSE curve. One example, 
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Calculation of 
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The scaling factor is given as
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SINR for each link

Assume eNB has N receive antennas, and the two antennas of UE transmit SRS in Round Robin manner in time domain, i.e. the first antenna transmits SRS at tSRS=2n, the second antenna transmits SRS at tSRS=2n+1. Assume that wideband SRS with RP = 2 is configured, and reference signals within the same CDM group from the same sector are assumed to be interference free. In addition, SRS transmission is coordinated among the three sectors with a site in time domain, i.e. UEs from the sectors in yellow transmit SRS at tSRS=i mod 3, UEs from the sectors in purple transmit SRS at tSRS=(i +1) mod 3, UEs from the sectors in cyan transmit SRS at tSRS=(i +2) mod 3.
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Fig 1. SRS coordination with 19 cells
The received SRS from the first transmit antenna at the eNB side can be denoted as
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where H is the uplink channel considering received power, k denotes the number of interfering sectors and m is the number of the interfering users in the neighbouring sectors。
The received SRS from the second transmit antenna at the eNB side can be denoted as
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Due to the Round Robin manner of the two transmit antennas, the received SINR form the j-th transmit antenna to the i-th receive antenna can be expressed as


[image: image21.wmf](

)

2

2

_

 

ij

ij

k

ijmn

km

h

SINR

hP

=

+

åå


where Pn denotes the noise power.

Each link after channel estimation can be denoted as:
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C. Joint Scheduling Based on User Correlation
The performance of various precoding algorithms such as BD and MET depends on the correlation of the scheduled users. As a result, it is beneficial to select users with low correlated channel matrices before precoding.
Assume 
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 is the downlink channel of the kth MS on the tth subcarrier. U denotes the set of all active users served by the coordinated eNBs, C is the set of scheduled users, which is initialized as 
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Step 1: Select the first scheduled user u1 from U, which satisfies

[image: image25.wmf]1

argmax()

jU

uprj

Î

=


where 
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 denotes the PF priority of the jth user.

Update related sets and matrices:
· 
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, where 
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 is the number of subcarriers in the subband.
· 
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Step 2: Select the ith (i >1) scheduled user ui with the largest PF priority from U:
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Update related matrices:
· 
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· 
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Define the correlation constraint as:
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· If the ith user ui doesn’t satisfy the correlation constraint, update
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· If the ith user ui can satisfy the correlation constraint, update
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Step 3: Go to step 2 till the number of users in C reaches the upper bound, or the correlation constraint cannot be satisfied by any user in U.
Figure 2 shows the distribution of the number of the scheduled UE, the upper bound of C is set as 12 in 3-sector intra-site CoMP.
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Fig. 2  the distribution of the number of scheduled MS in CoMP system
�4Tx和8Tx的整体增益？？
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