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1. Introduction

Coordinated Multi-Point Operation (CoMP) is a promising technology and has been widely investigated as a Rel-10 study item. In order to further study 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 captured in R1-111999[2]. According to the simulation assumptions, some performance evaluation results for CoMP with full buffer traffic under deployment scenarios 3 and 4 have been shown in this contribution.
2. Performance evaluation for DL CoMP in HetNet
The CoMP performance for LTE TDD systems have been shown by system-level simulations 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 applied so that the SRS transmission would not suffer any interference from the cooperating cells/points. SRS channel estimation error modeling is described at Appendix B.  In our simulations, CoMP coordination is carried out among 1 macro cell and its associated 4 low-power nodes.
In our simulation,  the following assumptions are adopted.
· Antenna Configuration

· 2 cross-polarized antennas at Macro eNB, low power nodes and UEs
· SU-MIMO

· Precoding based on Rel-8 codebook
· SU-CoMP-JP Scheme

· On average, one user scheduled per node.
· Joint Transmission (JT) , Channel state information obtained via channel reciprocity, with consideration of SRS channel estimation errors.

Tables 1 and 2 show the cell average and 5% cell-edge user spectral efficiency with configuration  #1 and #4b.
Table 1 Simulation Results in Scenario 3&4 (Configuration #1)

	Schemes
	SU-MIMO
	SU-CoMP-JP
	SU-CoMP-JP Gain over SU-MIMO

	Ave. cell spectral efficiency

(bps/Hz/point)
	8.41
	10.03
	19%

	Cell-edge spectralefficiency

(bps/Hz)
	0.05
	0.069
	39%


Table 2 Simulation Results in Scenario 3&4 (Configuration #4b)
	Schemes
	SU-MIMO
	SU-CoMP-JP
	SU-CoMP-JP Gain over SU-MIMO

	Ave. cell spectral efficiency

(bps/Hz/point)
	10.6
	11.71
	10%

	Cell-edge spectral efficiency

(bps/Hz)
	0.074
	0.098
	32%


3. Conclusions
Based on the simulation results, we get the following observation :
SU-CoMP-JP can obtain certain performance gain over SU-MIMO in scenario 3&4.
· SU-CoMP-JP in scenario 3&4 can obtain 10%~19% gain at average cell throughput and 32~39% gain at cell-edge user throughput.
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Appendix

A. Simulation assumptions
The channel models and assumptions are aligned with the CoMP simulation assumptions in R1-111999. The detailed parameters are provided in following table.

Table 3. Simulation models and assumptions
	Parameter
	Values used for evaluation

	Deployment scenarios
	1. Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage
2. Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell

· Coordination area includes:
- 1 cell with N low-power nodes as starting point

	Number of low power node per macro-cell
	Configuration #4b [TR 36.814] with N low power nodes per macro cell
Configuration #1 [TR 36.814] with N low power nodes per macro cell
Baseline: N = 4

	High power RRH Tx power (Ptotal)
	46 dBm

	Low power node TX power (Ptotal)
	30 dBm 

	System bandwidth
	10 MHz

	Possible transmission schemes
	· SU-MIMO

· SU-CoMP-JP

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	Values for combination is (2, 2),

	Antenna Pattern
	For macro eNB and high-power RRH: 3D 
For low-power node: 2D

	Number of antennas at UE
	2

	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

	Antenna configuration
	For macro eNB and high power RRH
· 2 Tx antennas

1. 1 column, cross-polarized: X

For low power node
· 2 Tx antennas: 

1. cross-polarized: X

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

	Traffic model
	Full buffer 

	Backhaul assumptions
	zero latency and infinite capacity

	Downlink scheduler
	Proportional Fair in Time and Frequency


B. SRS 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 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 
[image: image8.wmf]2

E

s


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


[image: image16.wmf]MSE

MSE

SINR

1+SINR

a

×D

=

×D


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
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where Pn denotes the noise power.

Each link after channel estimation can be denoted as:
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