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1. Introduction
At 3GPP RAN1 #67 meeting, per-CSI-RS-resource CSI feedback was agreed as baseline for CoMP operation. To our understanding, per-CSI-RS-resource CQI feedback is a part of the agreement. In this contribution, we provide our considerations and proposals on issues related to CQI definition, including:
· Aggregated CQI

· Scheme-specific or scheme-agnostic CQI
· Interference assumption for CQI
2. Aggregated CQI

Aggregated CQI is compared with inter-CSI-RS-resource phase in companion contribution [1]. According to the analysis, aggregated CQI is not suggested for CoMP CQI report because:
· Inter-CSI-RS phase feedback outperforms aggregated CQI for SU and MU JT;

· Feedback overhead of inter-CSI-RS phase feedback and aggregated CQI is comparative;
· Inter-CSI-RS phase feedback and aggregated CQI introduce similar testing complexity.
Proposal 1: Aggregated CQI is not recommended in feedback for CoMP.
3. Scheme-specific or scheme-agnostic CQI
3.1. CoMP based on non-PMI feedback
For CoMP based on non-PMI feedback, channel state information is obtained at network by channel reciprocity. In [2], TxD based per-CSI-RS-resource CQI was discussed for CoMP based on non-PMI feedback, and corresponding CQI feedback schemes were provided. As shown in the contribution, TxD based per-CSI-RS-resource CQI works well for CoMP based on non-PMI feedback. There is no motivation to introduce CQI feedback for specific CoMP scheme.
Proposal 2: TxD based per-CSI-RS-resource CQI should be adopted for CoMP based on non-PMI feedback.
In [3], definition of TxD CQI based on CSI-RS is discussed in detail.
3.2. CoMP based on PMI feedback
In scheme-specific CQI feedback, signaling is needed for network to indicate UE the transmission scheme. UE could report proper CQI which is convenient for scheduling and calculation at eNB. For example, per-CSI-RS-resource CQI with interference outside the assumed TP when DPS scheme is signaled, or common rank per-CSI-RS-resource CQI with interference outside the measurement set when JT is signaled. Scheme-specific CQI would be optimized from aspects of overhead and performance for a CoMP transmission scheme. But considering possibility of fallback to single-point transmission scheme, scheme-specific CQI feedback has to consider feedback overhead for fallback. Scheme-specific CQI may have no superiority over scheme-agnostic CQI in overhead. Also, CoMP could improve performance of cell edge UEs by coordination between TPs on beamforming and scheduling. At the same time, the coordination brings forth a problem of diverse interference circumstance due to “flash effect”. Moreover, scheme-specific CQI feedback could not support dynamic transmission scheme selection which can well offers additional scheduling flexibility in the diverse interference circumstances.
Scheme-agnostic CQI feedback is designed to support several CoMP schemes. The supported CoMP schemes can include JT, DPS, and CS/CB. For these CoMP schemes, different signal and interference resources are required in CQI reports for link adaption. CQI recalculation at network need take the available schemes into account. CQI recalculation gives an opportunity for more elaborate link adaptation in DPS, CS/CB and single-point MIMO, because recalculated CQI of each TP reflects the instantaneous signal or interference to UEs from that TP. But the instantaneous interference, which is affected by scheduling and precoding at eNB, could not be measured beforehand at UE. Furthermore, scheme-agnostic CQI feedback does not need newly designed signaling. Compared with scheme-specific CQI feedback, less effort is required in testing and design of report mode.
Scheme-specific CQI feedback design is considered for optimization on specific CoMP schemes. But if scheme-agnostic CQI feedback could offer comparable support, scheme-agnostic CQI  is preferred according to its superiorities as discussed in above analysis.
Proposal 3: Scheme-agnostic CQI feedback is preferred for CoMP.

4 Interference hypothesis
In contribution [4], we discussed interference alternatives in CQI feedback for CoMP schemes. Two of the alternatives are considered most in available per CSI-RS-resource feedback designs:
· Alt. 1: Individual interference outside the target TP; 

· Alt. 2: Common interference outside the CoMP measurement set;

As a problem brought forward to Alt. 2, CQI with interference outside the measurement set could not support DPS and fallback to single-point MIMO transmission directly because it does not reflect interference outside single point. CQI used for link adaptation has to be recalculated at network. The process of recalculation may result in additional error for CQI, and lead to improper link adaptation. In this section we will investigate the accuracy of CQI recalculation.
According to the discussion in [5], we can consider a UE with 2 TPs, in the measurement set. Assuming UE chooses rank1 feedback for both TPs, UE feedback CQI for these two TPs:
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denote UE estimated downlink channel matrix from TP i, receiving process matrix, and reported PMI for TP i, I stands for interference outside the measurement set. Without loss of generality, we can assume transmission is fallback to transmission from TP1. CQI could be recalculated as:
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where N denotes number of scheduled layers at TP2, and 
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 denotes precoder at layer k. For rank1, CQI recalculation based on Alt. 2 takes into account the instantaneous interference at the TPs in measurement set, and most error comes from quantization error brought into the calculation. Figure 1 gives the CDF of CQI errors for Alt. 1 and recalculation with Alt. 2. Simulation assumptions are given in Appendix. As shown in Figure 1, recalculated CQI is actually more accurate.
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Figure 1:  Rank 1 CQI error CDF for Alt. 1 and recalculated CQI based on Alt. 2
Let us Assume rank2 feedback for TP1, and rank adaptive feedback for TP2. When the same recalculation method in rank1 feedback is reused, error is introduced for assumption of the same interference at TP2 and TP1. This assumption may lead to overestimation of the interference from TP2. But because of the suppressive effect of receiving process on inter-stream interference, the error is limited. Figure 2 gives the CQI CDF for TP1 rank2 CQI feedback and TP2 rank 2 CQI feedback. As shown in Figure 2, recalculated CQI for layer2 is much more accurate than Alt. 1 CQI, though a little CQI accuracy degradation is observed at layer1.
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Figure 2:  Rank 2 CQI error CDF for Alt. 1 CQI feedback and recalculated CQI based on Alt. 2
System performance evaluations for CQI feedback Alt. 1 and Alt. 2 are also performed in Appendix. The simulation results show that CQI recalculation based on Alt. 2 leads to better performance, which is in accordance with the analysis on CQI accuracy.
From the above analysis, for DPS or fallback to single-point MIMO transmission, CQI feedback with common interference outside the CoMP measurement set would be helpful to improve CQI recalculation accuracy.
Proposal 4: Per-CSI-RS-resource CQI for CoMP should be derived based on interference outside the CoMP measurement set.

5 CQI feedback schemes
To have scheme-agnostic CQI feedback, several CoMP transmission schemes need to be covered by single CQI feedback. These schemes could include JT, DPS/DB, and CS/CB. These schemes may actually require different signal and interference resources from the reported CQI. Per-CSI-RS-resource CQI with interference outside CoMP measurement set is more flexible and recommended for CQI recalculation. It is more suitable for JT and DB from the aspect of their matched interference hypothesis. It could also offer accuracy improvement in CQI recalculation for DPS or fallback to single-point MIMO transmission. That should be the same to CS/CB.
With interference hypothesis on outside of measurement set, rank limited per-CSI-RS-resource CQI can provide additional flexibility and accuracy improvement to CQI recalculation. Common rank 1 per-CSI-RS-resource CQI supports JT CQI recalculation. In DPS, CS/CB and fallback to single point MIMO, rank 1 CQI in accord with rank 1 precoder, reflects the dominant interference direction of a TP more accurately. With rank-free feedback for UE or network selected TP and rank 1 feedback for other TPs in the measurement set, CQI for single point transmission could be recalculated more accurate in case of high rank.
Proposal 5: Scheme-agnostic CQI feedback should include rank limited (rank 1) per-CSI-RS-resource feedback at least.

6 Conclusion
In this contribution, we discuss aggregated CQI, scheme-specific or scheme-agnostic CQI, interference hypothesis in CQI definition for CoMP. According to the discussion, we propose:
Proposal 1: Aggregated CQI is not recommended in feedback for CoMP.
Proposal 2: TxD based per-CSI-RS-resource CQI should be adopted for CoMP based on non-PMI feedback.
Proposal 3: Scheme-agnostic CQI feedback is preferred for CoMP.
Proposal 4: Per-CSI-RS-resource CQI for CoMP should be derived based on interference outside the CoMP measurement set.
Proposal 5: Scheme-agnostic CQI feedback should include rank limited (rank 1) per-CSI-RS-resource CQI at least.
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8 Appendix

In section 4, we gave CQI error CDF curves for comparison of CQI interference hypotheses. In the simulation 4×2 cross-polarized antenna configuration, CoMP Scenario 3/4, and UE deployment Config 4b is adopted. Other simulation assumptions refer to Table 4.
System spectrum efficiency performance for rank adaptive non-coherent JT is also given for the comparison between the interference hypotheses. For Alt. 1, aggregated CQI is reported for non-coherent JT transmission, and per-CSI-RS-resource CQI with Alt. 1 interference hypothesis is also reported for fall back to serving point MIMO transmission. For Alt. 2, besides aggregated CQI, per-CSI-RS-resource CQI with Alt. 2 interference hypothesis are reported for each TP in measurement set. Other simulation assumptions refer to Table 4.
Table 3 gives the simulation results. According to the result, Alt.2 works as well as Alt.1 when fallback happens in CoMP scheme.

Table 3: Performance of SU-JT with CQI interference assumption 1 and 2
	UE deployment
	Transmission scheme
	CQI interference assumption
	Average cell spectrum efficiency (bps/Hz)
	Average gain
	5% cell-edge user spectrum efficiency (bps/Hz) 
	Cell-edge gain

	Config 1
	SU-MIMO
	Alt.1
	9.23
	0.00%
	0.0528
	0.00%

	
	SU JT
	Alt.1
	9.27
	0.45%
	0.0612
	15.93%

	
	
	Alt.2
	9.41
	1.99%
	0.0627
	18.82%

	Config 4b
	SU-MIMO
	Alt.1
	11.16
	0.00%
	0.0717
	0.00%

	
	SU JT
	Alt.1
	11.32
	1.41%
	0.0833
	16.23%

	
	
	Alt.2
	11.67
	4.54%
	0.0812
	13.36%


Table 4: Simulation assumptions
	Parameter
	Assumption 

	Scenario
	Scenario 3 / 4

	Deployment model
	Heterogeneous deployment with low Tx power RRHs

	
	Zero backhaul latency

	
	Hexagonal grid, 19 macro sites, 3 sectors/site, 4 RRHs/sector

	Coordination area
	Coordination within one macro cell area

	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
	Macro to UE: ITU UMA

	
	RRH to UE: ITU UMI

	Transmit power
	Macro site: 46dBm; RRH: 30dBm

	Number of antennas (Macro, RRH)
	(4, 4)

	Number of UE antennas
	2

	Number of UE per macro area
	Config 1: 25;  Config 4b: 30

	Antenna configuration
	TX: cross-polarized ±45°
RX: cross-polarized ±45°

	Receiver 
	MMSE option 1

	Propagation delay
	Modeled

	Timing error
	0 us

	Feedback type
	For Alt. 1: Subband per-CSI-RS-resource PMI + RI (selected according to serving cell) + subband per-CSI-RS-resource CQI
For Alt. 2: Subband per-CSI-RS-resource PMI + RI (selected according to serving cell) + subband per-CSI-RS-resource CQI

	Period of feedback
	10ms

	Subband size
	6PRB

	PMI codebook
	R10 codebook

	Link adaptation
	Non-ideal

	Scheduler
	Proportional fair in time and frequency

	Transmission scheme
	Rank adaptive SU-MIMO, non-coherent SU-JT

	Tx point selection threshold
	15 dB

	Max number of point in measurement set
	2

	Overhead
	6/10 MBSFN DL subframe, 4/10 non-MBSFN DL subframe
- MBSFN DL subframe: 2PDCCH symbols, 12 RE/RB DMRS.

- non-MBSFN DL subframe: 3PDCCH symbols, 12RE/RB DMRS, 2CRS ports. 
Total overhead: 25.71%
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