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1 Introduction

This is the updated contribution of [2]. In this contribution, we provide our phase 1 evaluation results for CoMP-CS/CB and CoMP-JP based on scenario 1 and scenario 2 [1] simulation assumptions with more details of simulation including scheduling, precoding, channel estimation error and SRS transmission scheme. 
2 Scheduling and precoding
2.1 Scheduling and precoding for CS/CB
In scenario 1, 3 intra-site cells build up a cooperation cluster while in scenario 2, 9 inter-site cells build up a cooperation cluster. A coordination set is chosen for each UE from the cooperation cluster, according to RSRP measurement. Iterative scheduling is performed in the coordination set as follows:
· In the initial step, each cell performs single-cell MU-MIMO scheduling independently.
· In the nth iteration, each cell recalculates precoding weight and reschedules assuming the latest scheduling results of other cells in the same coordination set. User pair that results in maximum sum rate of the coordination cluster is selected.
· A fixed number of iteration is assumed in the evaluation. In our simulation, the iteration number is assumed to be 3, since more iteration could not give further gain.
The SLNR based precoding algorithm is employed in the evaluation:
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where 
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 is the covariance of channel matrix from cell p to UE i, 
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 is the victim UE set of cell p, and 
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 is the regularization factor associated with noise and inter-cell interference. The victim UE j is selected only if this UE chose cell p into its coordinating set. From equation (2.1) the precoding vector can be given as
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where eig() obtains the principle eigenvector of a matrix.

2.2 Scheduling and precoding for JP
Within a cooperation cluster, each UE choses its coordination points to setup coordination set. The coordination set is selected according to RSRP measurement. Transmission points of a UE are chosen from the coordination set. Coordination set and transmission set are both UE specific.
· The coordination points are chosen for each UE according to the RSRP measurement as 
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.  At most N cells are chosen into the set. In our evaluation, N = 4.
· Each cell in the cooperation cluster performs single-cell SU/MU-MIMO scheduling independently. At most 2 UEs can be co-scheduled in each cell.

· For each scheduled UE, SLNR algorithm is used to calculate the precoding weight. If a UE’s coordination set contains at least one transmission point of the current UE, it is identified as a victim UE of current UE. 
· Finally, transmission power of each cell is scaled by the same scaling factor in the cooperation cluster such that transmission power of each cell does not exceed the maximum transmission power limit. 
3 Modeling of SRS channel estimation error
The impairments of CSI information in the CoMP evaluation are generally considered as a critical factor. The channel estimation error directly affects the accuracy of the CSI information. The SRS channel estimation error model applied in our evaluation is described below. 
The channel estimation error is modeled as:
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where 
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 is the impaired channel matrix in frequency domain, 
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 is the real channel, 
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 is a weighting factor, and can be expressed as 
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where SINR is the SINR between the UE and the corresponding cell, and 
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 is used to model processing gain of channel estimation algorithm. In our evaluation, 
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 is set to 9 dB. e is complex Gaussian variable with zero mean and variance 
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4 SRS transmission
SRS signal from 2 antennas at UE side is transmitted at different SRS transmission chance. For example, the first antenna transmits the SRS signal in the even indexed SRS transmission chance and the second antenna does it at the odd indexed SRS transmission chance. To decrease the impact of interference, intra-site 3 cells coordinate in time domain for SRS transmission as shown in Figure 1, i.e., the 3 cells are configured to transmit SRS signal at different subframes. 
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 Figure 1 SRS transmission coordination between 3 cells
Figure 2 and 3 provide the uplink SRS transmission SINRs with and without TDM transmission coordination in both 3GPP Case1 and ITU UMI scenario respectively. In the 3GPP Case 1 scenario, the SRS transmission SINR increased about 10 dB by TDM transmission coordination for the second and third strongest cell and about 5 dB for the strongest cell. In the ITU UMI scenario, the SRS transmission SINR increased about 10 dB for the second and third strongest cell, and 7~8 dB for the strongest cell.
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Figure 2 SRS transmission SINR in 3GPP Case 1 scenario
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Figure 3 SRS transmission SINR in ITU UMI scenario
5 Performance evaluation results
In this section, we provide phase 1 evaluation results for CoMP schemes as described in previous sections, with the simulation assumptions listed in Appendix.
As shown in Table 1 and Table 2, with 2Tx cross-polarized antenna configuration, CS/CB achieves about 8%~15% cell edge gains, 3%~12% average gains; and JP achieves about 12%~18% for both cell edge and average gains. With 8Tx cross polarized antenna configuration, CS/CB achieves 18%~24% cell edge gains, 9%~15% average gains; and JP achieves 20%~27% cell edge gains, 14%~22% average gains.
Observation 1: In TDD system, both CS/CB and JP provide attractive gains by utilizing channel reciprocity even with non-ideal channel state information.

Figure 4 and 5 presents the spectrum efficiency of 4Tx MU-MIMO, CS/CB, and JP with ideal SRS (i.e. without SRS channel estimation error), TDM SRS transmission and non-TDM SRS transmission in scenario 1. As seen from Figure 4 and 5, the TDM coordinated SRS transmission brings obvious spectrum efficiency gains for the three transmission schemes.
Observation 2: Coordinated SRS transmission is beneficial for CoMP transmission as well as for single cell MU-MIMO transmission.
Table 1 Evaluation results for 2Tx cross-polorized, TDM SRS, non-ideal channel estimation
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Table 2 Evaluation results for 8Tx cross-polarized, TDM SRS, non-ideal channel estimation
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Figure 4 Cell average spectrum efficiency for ideal SRS, TDM SRS and non-TDM SRS
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Figure 5 Cell edge spectrum efficiency for ideal SRS, TDM SRS and non-TDM SRS
6 Conclusions

In this contribution, we present details of simulation for phase 1 CoMP evaluation, and provide our evaluation results.  The observations are as follows:
Observation 1: In TDD system, both CS/CB and JP provide attractive gains by utilizing channel reciprocity even with non-ideal channel state information.
Observation 2: Coordinated SRS transmission is beneficial for CoMP transmission as well as single cell MU-MIMO transmission.
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Appendix: Simulation assumptions

Table 3 Simulation Parameters
	Parameters
	Assumptions

	Number of cells
	57

	Deployment model
	Homogeneous deployment with high Tx power RHHs

	
	Zero backhaul latency

	
	Hexagonal grid, 19 sites, 3 cells/site

	
	3 intra-site or 9 cell CoMP clusters

	ISD
	3GPP Case 1: 500m

	
	ITU UMI: 200m

	UEs per cell
	10

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Max number of HARQ retransmissions
	4

	Channel model
	3GPP Case 1 (SCM UMA High Spread)

	
	ITU UMI

	Transmit power per cell
	3GPP Case1: 46dBm(10MHz)

	
	ITU UMI: 41dBm(10MHz)

	Number of Tx/Rx antennas
	(2TX, 2RX), (8TX, 2RX)

	Antenna configuration
	TX: cross-polarized ±45°

RX: cross-polarized ±45°

	Antenna pattern
	3D, follow Annex A 2.1.1.1 Table A.2.1.1-2 in TR36.814

	eNB antenna tilt
	3GPP Case 1: 15°

	
	ITU UMI: 12°

	Receiver
	MMSE option1

	Propagation delay
	Modeled

	Timing error
	0 us

	Feedback type
	SRS and out-of-coordination-area interference feedback

	Period of SRS transmission
	10ms

	SRS transmission
	Non-TDM: SRS is scheduled simultaneously in all cells

	
	TDM: SRS is scheduled alternatively in 3 intra-site cells

	Link adaptation
	Non-ideal

	Scheduler
	Proportional fair in time and frequency

	Maximum number of co-scheduled UEs
	2UEs/cell

	overhead
	TDD frame configuration 1, during one half frame: 1 MBSFN DL subframe, 1  non-MBSFN DL subframe, 1 special subframe.
- MBSFN DL subframe: 2 PDCCH symbols, 12 RE/RB DMRS.

- non-MBSFN DL subframe: 3 PDCCH symbols, 12 RE/RB DMRS, 2 CRS ports.

- special subframe: 11 DwPTS symbols, 2 PDCCH symbols, 6 RE/RB DMRS


























[image: image1.wmf]H

,,,

,

H

,,,

vRv

(v)

vRv

p

ipipip

ip

ipjpip

jC

SLNR

a

Î

=

æö

+

ç÷

ç÷

èø

å

_1366036105.unknown

_1366188310.unknown

_1366188329.unknown

_1366188322.unknown

_1366036144.unknown

_1366036199.unknown

_1366036255.unknown

_1366036175.unknown

_1366036139.unknown

_1366036081.unknown

_1366036095.unknown

_1365580897.unknown

_1365598714.unknown

_1366028306.vsd
subframe


frequency


Cell 1


SRS transmission in Cell 1


Unused resources


subframe


frequency


Cell 3


subframe


frequency


Cell 2


SRS transmission in Cell 2


SRS transmission in Cell 3



_1365576931.unknown

