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1. Introduction
Rel-11 CoMP is built upon the framework of per CSI-RS resource feedback with independently configured interference measurement. In this contribution, we discuss CSI report multiplexing and collision handling of periodic feedback.
2. Collision handling between unconstrained CSI processes
A CSI process consists of both the computation and feedback of RI, PMI (may not be reported in the TDD case), and associated CQI. The feedback can be periodic with a number of reporting instances, or aperiodic with a one-shot message. 
The normal operation is that eNB configures up to X (FFS: 3 or 4) independent CSI processes. As explained in the companion paper [2], it is better for eNB to avoid using subbands recommended under different interference hypothesis in the first place for DPS/DPB, so that the actual link can be truthfully represented by the UE-recommended RI, PMI, CQI, and selected subbands.  Hence, independent and unconstrained CSI process should be configured in normal operation.  For JT, having the same subband is helpful. But a more optimized support of JT is better suited for Rel-12. For example, a joint CQI seems to be more critical for JT than just introducing rank or subband constraint. The subband selection might be better based on a joint optimization under common-subband constraint, instead of heuristically tagging a particular process as the subband reference process.
When there is collision between different PUCCH reporting types from different “CSI processes”, with same or different priority, the solution is either multiplexing if the combined content can still fit in the PUCCH vehicle, or compressing the reports, or dropping one or more colliding reports if the combined content does not fit in.

The feedback content defined in different reporting types is already very compressed. There is not much room for compression considering independently computed CSIs. Hence, we prefer not to specify any compression. 

Multiplexing of different PUCCH reporting type is certainly possible if the combined payload can still fit in the PUCCH format. However, it will affect the detection performance. For example, type 3 (RI) and 2a (wideband PMI for 8-Tx case) have the same priority and the combined payload can fit in PUCCH format 2 after combining, but it may not be a good idea to multiplex them. In addition, the multiplex rule will be complicated considering all the different combination of different reporting types.

The dropping rule defined for CA is suitable and sufficient for PUCCH reporting type of different priority, i.e., for a given subframe, in case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or 2a with a CSI report of a different CSI process with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4, the latter CSI report with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. For a given subframe, in case of collision of a CSI report with PUCCH reporting type 2, 2b, 2c, or 4 with a CSI report of a different CSI process with PUCCH reporting type 1 or 1a, the latter CSI report with PUCCH reporting type 1, or 1a has lower priority and is dropped.   

Proposal #1: When collision occurs between different PUCCH reporting types from different unconstrained CSI processes but with different priority, the same dropping rule for CA applies, i.e., only one CSI report should be kept and others are dropped. 
Collisions between different PUCCH reporting types from different “CSI processes” but with same priority
Multiplexing of two or more CSI feedback of the same PUCCH reporting type in this case is certainly possible if the combined payload can still fit in the PUCCH format.

· If PUCCH format 3 is configured, multiplexing of 2 CSI report of the same type is straightforward

· If PUCCH format 2 is configured

· Multiplexing of two type 3 and 4 reports is possible with degraded performance. Perhaps for type 1 report too depending on system bandwidth, but not type 2/2b/2c (see Appendix for the PUCCH reporting types and sizes, included for convenience). So mode 1-0 and 2-0 may be multiplexed, but not for mode 1-1 and 2-1 (i.e., once with any PMI feedback).

Proposal #2: When collision occurs between different PUCCH reporting types from different unconstrained CSI processes but with same priority, multiplexing can be allowed when PUCCH format 3 is configured. Otherwise, all but one report will be dropped.  
When collision occurs between two PUCCH reporting types with same priority and one report must be dropped, as long as the rest of CSI reports are for the same CSI process, eNB can still schedule UEs under the corresponding hypothesis even though it may be better if the CSI process under the other transmission hypotheses is also undisturbed. So in our view, CSI report dropping in CoMP is not catastrophic given the PMI/RI/CQI/subband are derived independently. Which CSI-process the eNB wants to protect can be either signaled explicitly at the time of CSI processes configuration or fixed to the CSI-process with the lowest/highest process index.

Proposal #3: When the report of a CSI process has to be dropped and the other is protected, the “protected” CSI-process can be either indicated explicitly at the time of CSI processes configuration or fixed to the CSI-process with the lowest/highest process index. 

3. Collision handling between reference and constrained CSI processes

As described in the companion paper [2], it is our view that independent and unconstrained CSI process should be configured in normal operation. If constrained CSI process has to be introduced in Rel-11, it is important to make sure that a constrained CSI process can only have the same or shorter life span compared to that of its reference process, which means the status of RRC configuration to establish or terminate a constrained process must be unambiguously clear at both eNB and UE with respective to the status of its reference process.  
A rank-constrained process will always have lower priority during collision regardless of the same or different reporting types. This means:

· In case of collisions between different PUCCH reporting types with same priority, the report of constrained process will be dropped. 
· When the rank-constrained process in reporting type 3/5/6/2a and the reference process in types of lower priority, the former types are dropped instead even though they have higher priority, because the rank information of the constrained process are redundant. But we need to think about type 2a of the rank-constrained process (wideband first PMI for 8-Tx) is also dropped in lieu of the reference process type 1,1a,2,2b,2c, or 4 reporting.

For subband-constrained process, since subband selection is reported in PUCCH format type 1 which has lower priority than type 3/5/6/2a, the subband-constrained process will still report RI and type -1 of the reference process will be dropped. Of course, if the subband-constrained process is also rank-constrained, the above rule change applies, i.e., RI of constrained process will be dropped and the subband selection of the reference process will be sent instead. 

Proposal #4: A rank-constrained process always has lower priority during collision with its reference process regardless of the same or different reporting types.

Proposal #5: A subband-constrained process should have lower priority during collision with its reference process only for the same reporting types.

4. Conclusion 
In this contribution, we discussed CSI multiplexing and collision handling of periodic feedback. We have the following proposals:
Proposal #1: When collision occurs between different PUCCH reporting types from different unconstrained CSI processes, with different priority, the same dropping rule for CA applies, i.e., only one CSI report should be kept and others are dropped. 

Proposal #2: When collision occurs between different PUCCH reporting types from different unconstrained CSI processes but with same priority, multiplexing can be allowed when PUCCH format 3 is configured. Otherwise, all but one report will be dropped.  

Proposal #3: When the report of a CSI process has to be dropped and the other is protected, the “protected” CSI-process can be either indicated explicitly at the time of CSI processes configuration or fixed to the CSI-process with the lowest/highest process index. 

Proposal #4: A rank-constrained process always has lower priority during collision with its reference process regardless of the same or different reporting types.

Proposal #5: A subband-constrained process should have lower priority during collision with its reference process only for the same reporting types.

References
[1] R1-122930, Summary of Email discussion [69-10]: Details of collision handling and compression/multiplexing in case of 2 or more CSIs being configured in the same reporting instance for CoMP CSI feedback 
[2] R1-124279, On Reference and Subband/RI Constrained CSI Process, MediaTek, RAN1#70bis
Appendix 

Table 7.2.2-3: PUCCH Reporting Type Payload size per PUCCH Reporting Mode and Mode State
	PUCCH Reporting Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-1
	Mode 2-1
	Mode 1-0
	Mode 2-0

	
	
	
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)

	1
	Sub-band

CQI
	RI = 1
	NA
	4+L
	NA
	4+L

	
	
	RI > 1
	NA
	7+L
	NA
	4+L

	1a
	Sub-band CQI / second PMI
	8 antenna ports RI = 1
	NA
	8+L
	NA
	NA

	
	
	8 antenna ports 1 < RI < 5
	NA
	9+L
	NA
	NA

	
	
	8 antenna ports RI > 4
	NA
	7+L
	NA
	NA

	2
	Wideband CQI/PMI
	2 antenna ports RI = 1
	6
	6
	NA
	NA

	
	
	4 antenna ports RI = 1
	8
	8
	NA
	NA

	
	
	2 antenna ports RI > 1
	8
	8
	NA
	NA

	
	
	4 antenna ports RI > 1
	11
	11
	NA
	NA

	2a
	Wideband first PMI
	8 antenna ports RI < 3
	NA
	4
	NA
	NA

	
	
	8 antenna ports 2 < RI < 8
	NA
	2
	NA
	NA

	
	
	8 antenna ports RI = 8
	NA
	0
	NA
	NA

	2b
	Wideband CQI / second PMI
	8 antenna ports RI = 1
	8
	8
	NA
	NA

	
	
	8 antenna ports 1 < RI < 4
	11
	11
	NA
	NA

	
	
	8 antenna ports RI = 4
	10
	10
	NA
	NA

	
	
	8 antenna ports RI > 4
	7
	7
	NA
	NA

	2c
	Wideband CQI / first PMI / second PMI
	8 antenna ports RI = 1
	8
	NA
	NA
	NA

	
	
	8 antenna ports 1 < RI ( 4
	11
	NA
	NA
	NA

	
	
	8 antenna ports 4 < RI ( 7
	9
	NA
	NA
	NA

	
	
	8 antenna ports RI = 8
	7
	NA
	NA
	NA

	3
	RI
	2/4 antenna ports, 2-layer spatial multiplexing
	1
	1
	1
	1

	
	
	8 antenna ports, 2-layer spatial multiplexing
	1
	NA
	NA
	NA

	· 
	· 
	4 antenna ports, 4-layer spatial multiplexing
	2
	2
	2
	2

	
	
	8 antenna ports, 4-layer spatial multiplexing
	2
	NA
	NA
	NA

	
	
	8-layer spatial multiplexing
	3
	NA
	NA
	NA

	4
	Wideband CQI
	RI = 1 or RI>1
	NA
	NA
	4
	4

	5
	RI/ first PMI
	8 antenna ports, 2-layer spatial multiplexing
	4
	NA
	NA
	NA

	
	
	8 antenna ports, 4 and 8-layer spatial multiplexing
	5
	
	
	

	6


	RI/PTI
	8 antenna ports, 2-layer spatial multiplexing
	NA
	2
	NA
	NA

	
	
	8 antenna ports, 4-layer spatial multiplexing
	NA
	3
	NA
	NA

	
	
	8 antenna ports, 8-layer spatial multiplexing
	NA
	4
	NA
	NA


