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1. Introduction

In 3GPP RAN1 #67 meeting, per-CSI-RS resource CSI feedback was agreed as baseline for CoMP operation.   CRS based TxD CQI is used in non-PMI mode of Rel-10 TM9 which is primarily for TDD.  CRS based schemes cannot work in all scenarios for TDD.  Especially for scenario 4, CRS based CQI is based on SFN combined CRS which doesn’t represent per-point channel condition.  So it is necessary to consider supporting CSI-RS based CQI feedback in non-PMI mode for TDD.
In RAN1#69, there was discussion on adopting aggregated CQI for JT.  However, there was no consensus and it was concluded that aggregated CQI is not introduced in Rel-11.  CQI assuming JT can only be obtained transparently from UE by setting up additional CSI-RS resources to aggregate two TPs into one CSI-RS resource.  
In this contribution, we discuss different CSI-RS based CoMP CQI schemes for TDD and present our system level results for these CQI schemes.  We also show the application of transparent aggregated CQI approach for JT in TDD.
2. CSI-RS based CoMP CQI for TDD
2.1 Non-PMI feedback schemes for CoMP

For non-PMI feedback, channel state information can be obtained at network side by channel reciprocity.  CQI adjustment for CoMP can be achieved at the network side with the help of channel reciprocity and TxD CQI.  In this contribution, performance of DPS and JT are evaluated with TxD based per-CSI-RS-resource CQI and codebook-based JT CQI.
· TxD based per-CSI-RS-resource CQI

With this scheme, the UEs measure TxD CQI based per-CSI-RS-resource and feedback it to the eNB. For single-point transmssion, network updates the reported CQI based on the single cell beamforming gain estimated at the network side because the reported CQI is based on the TxD assumption instead of beamforming. 
For CoMP transmission, with reported TxD CQI, eNB updates the reported CQI based on the beamforming gain by taking into account of coordination. 
· Codebook based per-CSI-RS-resource CQI + transparent JT CQI
For single point transmission or DPS, per-CSI-RS-resource CQI is derived based on standardized codebook like FDD case.  The only difference is the PMI is not fed back in TDD case.  Only RI and CQI are fed back.  Precoder is still derived at eNB based on channel reciprocity.
For JT,  the 3rd CSI-RS with two TPs aggregated into one CSI-RS resource is setup for the JT UEs as shown in figure 1.  In this case, JT is done by two 2Tx TPs and hence 4Tx CSI-RS is setup.  The JT UEs derive the JT CQI based on 4Tx codebook.  Again, PMI is not fed back in TDD case.  Precoder is derived at eNB but eNB uses this reported JT CQI for MCS assignment of JT.  Unlike TxD based approach, eNB doesn’t need to adjust the reported JT CQI with beamforming gain.
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Figure 1 CSI-RS configurations to obtain JT CQI transparently
2.2 Evaluation of CQI schemes for TDD-CoMP 

System-level simulations were done to compare performance of these two schemes and the results are given in Table 1.  Note that calibration error is introduced at UE side.   Simulation assumptions are shown in appendix.
Table 1 CoMP performance comparison of two CSI-RS based CQI schemes
	Transmission Scheme
	CQI Scheme
	Cell average spectral efficiency(bps/Hz)
	Cell edge spectral efficiency(bps/Hz)

	DPS/DPB
	TxD based per-CSI-RS-resource CQI
	1.73
	0.0479

	
	Codebook based per-CSI-RS-resource CQI 
	1.82
(+4.9%)
	0.0480
(+0.2%)

	JT
	TxD based per-CSI-RS-resource CQI
	1.76
	0.0510

	
	Codebook based per-CSI-RS-resource CQI,  JT CQI for JT UEs
	1.82
(+2.2%)
	0.0507
(-0.5%)


From the simulation result shown in Table1, it can be seen that codebook based per-CSI-RS-resource CQI provides around 5% and 2% gains on cell average throughput over TxD based per-CSI-RS CQI.  
Considering standardization impact, virtual DMRS based TxD may need to be defined[4] to specify TxD based per-CSI-RS CQI.   For the codebook based per-CSI-RS CQI, it seems to be easier as it is similar to FDD approach.  It is just required to specify that PMI is not fed back in non-PMI mode.  Based on this analysis, codebook based per-CSI-RS-resource CQI is slightly preferred.
3. Conclusions
This contribution paper discusses CSI-RS based CQI feedback in support of non-PMI mode for TDD.  Two different CQI schemes were evaluated.  Based on the evaluation and analysis, we have the following proposal:
Proposal:  It is necessary to introduce CSI-RS based CoMP CQI in support of non-PMI mode for TDD.  Codebook based per-CSI-RS-resource CQI is slightly preferred. 
References 
[1] 3GPP TR 36.819 “Coordinated Multi-Point Operation for LTE- Physical Layer Aspects”

[2] R1-121038, “Discussion on inter-CSI-RS resource feedback”, ZTE

[3] R1-120299, “Evaluation of aggregated feedback for CoMP”, ZTE

[4] R1-121088, “CQI definition for CoMP”, CATT

[5] R1-121089, “CQI definition for TDD CoMP”，CATT

[6] R1-121332, “CQI definition for CoMP TDD system”, NEC Group

Appendix A

Table A1: SLS simulation assumptions

	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 cell sectors per site

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m(3GPP Case1) 

	Operating bandwidth (BW)
	10 MHz 

	Penetration loss 
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1-  SCME- UMa  (High Spread)

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at eNB (0.5 λ spacing)  

Receiver: 2Rx cross-polarized antenna at UE

Antenna tiltetilt 15 degree, 3D antenna pattern

	CQI/PMI reporting interval and frequency granularity 
	5ms

6RB/Subband

	Feedback scheme
	TxD based per-CSI-RS-resource CQI

Codebook based per-CSI-RS-resource CQI

	Granularity of PMI and CQI feedback
	Sub-band PMI/CQI

	CoMP scheme
	JT，DPS

	Threshold for cell-edge UE selection
	6 dB

	
	

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-Option1

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-Ideal channel measurements with CSI-RS,

Non-ideal DMRS for data demodulation.

Channel estimation error modeling is used 
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	Calibration Error
	0.5dB amplitude error and 5˚ phase error at UE
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2Tx CSI-RS 1 of TP1


4Tx CSI-RS 3 of aggregated TP1+TP2 ports


2Tx CSI-RS 2 of TP2
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