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1. Introduction
The chairman notes from the previous meeting captures the following working assumptions and agreements for CoMP CSI feedback.

Working assumption:

· The maximum size of the CoMP measurement set supported in Release 11 is three non-zero power CSI-RS resources
Conclusion:

No consensus; therefore aggregated CQI across multiple CSI-RS resources is not introduced in Rel-11. 

Agreement:

· If PMI/RI reporting is configured, each CQI is associated with a PMI+RI

Note : this is independent of consideration of sub-band / wideband CQI values. 

CQI definitions and PMI/RI reporting for CoMP has been discussed quite extensively in contributions to past two meetings ([3]-[32]). In this contribution, we provide some further considerations for PMI/RI reporting to support CoMP operation.
2. CQI definition for CoMP based on downselection
It was agreed in RAN1#69 that each CSI is configured by the association of a channel part (derived from a non-zero power (NZP) CSI-RS) and an interference part (obtained from one IMR configured using ZP CSI-RS or [FFS] using some of the configured NZP CSI-RS where the UE assumes isotropic signal in addition to ZP CSI-RS IMR for interference calculation). It was further agreed that the maximum size of CoMP measurement set supported in Rel-11 is 3 CSI-RS resources. With a maximum CSI measurement size of 3, for each CSI-RS as the signal component, there are 4 interference hypotheses (e.g. if TP1, TP2 and TP3 are the three strongest TPs in descending order of received power and TP1 is transmitting the desired signal component, TP2 and TP3 are either transmitting or blanking). This results in 12 CQI configurations leading to a large UL overhead. Clearly, not all of the reports are relevant for all CoMP schemes. Additionally, the eNB can predict the scheduling CQIs for different CoMP schemes by CQI update methods that require only a subset of the reports. In [4], a reduced set CQI reporting approach was proposed as summarized below. 

Baseline CQI report: Per-CSI-RS resource CQI reporting with total interference for the strongest TP is supported to ensure no degradation to fallback operation.
Additional CQI report(s) to support CoMP operation: 
(1) When the configured CSI measurement set size is 3, UE can be configured to send two additional CQI reports:
a. Per-CSI-RS resource CQI for the second strongest TP in the measurement set with the strongest TP muting

b. Per-CSI-RS resource CQI for the third strongest TP in the measurement set with the strongest TP muting.
(2) When the configured CSI measurement set size is 2, UE can be configured to send one additional CQI report:

a. Per-CSI-RS resource CQI for the second strongest TP in the measurement set with the strongest TP muting.
Without loss of generality, we assume that the first TP in the CSI measurement set 
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(ordered set) is the strongest TP, the second TP is the second strongest TP, etc. Let 
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be the received signal power from the TP associated with j-th CSI-RS within the CSI measurement set 
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, 
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is the interference power computed for transmissions outside the CSI measurement set (e.g. using a ZP CSI-RS resource) and 
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is the thermal noise power. With this notation, the proposed CQI reports for 
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for 1 Tx and 1 RE are described in Table 1.
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	CoMP measurement set size = 3
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	CoMP measurement set size = 2
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Table 1. Proposed CQI reports for 
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3. PMI/RI reporting for multiple CSIs

Each CQI is associated with a PMI/RI when PMI/RI reporting is configured. Therefore, 
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 is associated with the PMI/RI for interference hypothesis that corresponds to (i) both TP2 and TP3 transmitting for 
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and (ii) TP2 transmitting for 
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. This enables reliable fallback operation. 
In a similar manner, the straightforward option for  
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would be to associate them with PMI/RI corresponding to the respective interference hypotheses. For CQI computation, the UE can either use the IMRs configured for the respective CQI reports (i.e. when multiple per-CQI IMR is configured) or emulate (spatially) isotropic interference (i.e. when only one IMR with ZP CSI-RS is configured). The gains achievable with advanced UE receiver options such as MMSE-IRC, ML-SIC, etc. are still reflected in the per-stream CQI reports and the isotropic assumption is likely not performance-limiting. This option is summarized in Table 2. With this option there are a total of 3 RI reports and 3 PMI reports. 
	
	
	Desired signal hypothesis
	Interference hypothesis

	CSI process index
	CQI computed
	TP1
	TP2
	TP3
	TP1
	TP2
	TP3

	CSI1
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	RI1/PMI1
	-
	-
	Mute
	Transmit
	Transmit

	CSI2
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	-
	RI2/PMI2
	-
	Mute
	Mute
	Transmit

	CSI3
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	-
	-
	RI3/PMI3
	Mute
	Transmit
	Mute


Table 2. PMI/RI feedback for supporting DPS/DPB for 
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There is no explicit support for coherent JT through aggregate CQI or inter-CSI-RS resource phase feedback in Rel-11. However, limited coherent JT (e.g. transmission assuming fixed phase difference between two CSI-RS resources, precoder rotation for the coordinating TP(s), etc.) and non-coherent JT can be enabled with additional CSI processes. The RI for the strongest TP can be reused for computing CQI/PMI (rank constrained) for the other TPs. A single wideband RI across TP1 and the coordinating TPs simplifies eNB scheduling for JT. This option is summarized in Table 3. With this option, there is one RI and 3 PMIs for measurement set size 3. The PMI/RI for TP1 is the same between the option in Table 2 and this option.
	
	
	Desired signal hypothesis
	Interference hypothesis

	CSI process index
	CQI computed
	TP1
	TP2
	TP3
	TP1
	TP2
	TP3

	CSI1
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	RI1/PMI1
	-
	-
	Mute
	Transmit
	Transmit

	CSI4
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*
	-
	RI1/PMI2
	-
	Mute
	Mute
	Transmit

	CSI5
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	-
	-
	RI1/PMI3
	Mute
	Transmit
	Mute


(*Note: 
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has interference hypotheses identical to 
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Table 3. PMI/RI feedback for supporting JT for 
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4. CQI/PMI/RI configurations in support of CoMP

Several contributions have argued that most of the CoMP gains are obtained from DPS/DPB and the gains that JT adds is when there is dynamic switching allowed between DPS/DPB and JT. So, it is natural to think that the following 2 reporting modes (for measurement set size 3) can be useful. 
Mode 1 (DPS/DPB): UE configured to report CSI1, CSI2 and CSI3

Mode 2 (dynamic switching): UE configured to report CSI1, CSI2, CSI3, CSI4, CSI5

If the network supports DPS/DB and not JT, it might be preferable for the network to be capable of configuring the UE in Mode 1 to save on overhead. But, such flexibility requires support of semi-static configuration so as to require the UE to report in either Mode 1 or Mode 2.
It was proposed in [4] that a single IMR be configured based on ZP CSI-RS. The UE can emulate isotropic interference for the transmitting TPs in the interference hypotheses for calculating PMI/RI. 
Based on these we have the following proposals:

Proposal 1: When the configured CSI measurement set size is 3, 
a. for supporting DPS/DPB, UE can be configured to send three RI/PMI reports (CSI1, CSI2, CSI3) with interference hypotheses for these reports as per Table 2.
b. for supporting dynamic switching, UE can be configured to send 2 additional RI/PMI reports (CSI4, CSI5) with interference hypotheses for these reports as per Table 3. 

Proposal 2: When the configured CSI measurement set size is 2, 

a. for supporting DPS/DPB, UE can be configured to send two RI/PMI reports (CSI1, CSI2) with interference hypotheses for these reports as per Table 2.
b. for supporting dynamic switching, UE can be configured to send 1 additional RI/PMI reports (CSI4) with interference hypothesis for these reports as per Table 3. 

5. Conclusions
Based on the discussion, we propose the following for supporting both DPS/DPB and dynamic switching in CoMP. 
Proposal 1: When the configured CSI measurement set size is 3, 

a. for supporting DPS/DPB, UE can be configured to send three RI/PMI reports (CSI1, CSI2, CSI3) with interference hypotheses for these reports as per Table 2.
b. for supporting dynamic switching, UE can be configured to send 2 additional RI/PMI reports (CSI4, CSI5) with interference hypotheses for these reports as per Table 3. 

Proposal 2: When the configured CSI measurement set size is 2, 
a. for supporting DPS/DPB, UE can be configured to send two RI/PMI reports (CSI1, CSI2) with interference hypotheses for these reports as per Table 2.
b. for supporting dynamic switching, UE can be configured to send 1 additional RI/PMI reports (CSI4) with interference hypothesis for these reports as per Table 3. 
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� For measurement set size 2, 





Mode 1 (DPS/DPB): UE configured to report CSI1 and CSI2


Mode 2 (dynamic switching): UE configured to report CSI1, CSI2, CSI3, CSI4.
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