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1. Introduction

For periodic CQI/PMI/RI feedback in carrier aggregation, the reporting parameters for each CC can be independently configured so that collision between CCs can be usually avoided by reasonable eNB implementation. For cases where collision does happen (e.g. due to misconfiguration), the following agreements were reached in RAN1 #63bis.

Agreements:

· For periodic CQI/PMI/RI reporting, the set of higher-layer configuration parameters as defined in Rel-8 are independently configured for each DL component carrier

· When simultaneous PUCCH + PUSCH is not configured:

· Periodic CQI/PMI/RI is reported for only one DL component carrier (CC) in one subframe
· For which DL CC is determined according to a priority:

· Prioritise between CCs based on reporting mode/type

· If the reporting mode/type is the same, prioritise by RRC-configured priority between CCs; RAN2 to decide details - send LS to RAN2 - R1-110593  […]
· The same priority rule applies to both the case without PUSCH and the case with PUSCH
· CQI/PMI/RI for other DL component carriers is dropped

· For the determined DL CC, the same Rel-8 procedure in case of collision between RI, wideband CQI/PMI, subband CQI for the same CC applies

To finalize this issue, in this contribution we discuss the details of prioritization between different CQI reporting modes/types in case of collision between different CCs. It is noted that prioritization CQI types under the same CQI mode is relatively straightforward, e.g. by following Rel.8 principle. On the other hand prioritizing different CQI modes could be more complicated, due to the potentially different CC configurations including transmission mode, PMI enabling/disabling, CSI-RS/CRS usage, CSI-RS antenna ports number, etc. 
2. General observation

Although dropping CQI/PMI/RI based on the CQI mode/type is feasible, this leads to non-trivial standardization work, complicated by issues including: 

· Different CCs may be configured in different transmission modes, and hence different CQI modes.
· Different CCs may have the same CQI mode but different Tx Modes.

· Some CQI types are associated with a certain CQI mode but not another. 

· Some CCs may have PMI enabled while other CCs have PMI disabled. 

· Different CCs configured with different number of CSI-RS ports and hence different CQI modes/types.

Note PUCCH configuration is an implementation issue where collision handling can usually be done by appropriate periodicity/offsets. As such, CQI collision can be usually considered a corner case due to e.g. erroneous network configuration. Optimizing for this corner case, albeit possible, doesn’t not solve the problem entirely because collision can still happen where the CQI modes/types are the same. Given that there is only one meeting to finish Rel.10 WI, a much simpler solution seems to be solely relying on RRC-configured CC priority. 
Observation: 
· Prioritizing CQI type/mode does not solve the collision problem completely. On the other hand, it is simpler to determine the collision handling solely based on the RRC-configured CC priority, which is to be decided in RAN2. 

· PCell should have higher priority than SCell.
· This includes prioritization on CQI mode as a special case, since CQI mode is part of the RRC configuration. 
3. Prioritization with CQI mode/type
If prioritizing CQI mode/type is indeed considered necessary, some rules are proposed in the following sections. Table I summarizes the PUCCH reporting mode/types in Rel.10.
Table I: PUCCH mode/type 
	
	CSI Mode
	Note
	Reporting Contents

	2/4Tx
	1-1
	
	RI (3)
	WB CQI/PMI (2)
	
	

	
	2-1
	
	RI (3)
	WB CQI/PMI (2)
	SB CQI (1)
	

	
	1-0
	TM 7/8/9
	
	WB CQI (4)
	
	

	
	
	TM 3
	RI (3)
	WB CQI (4)
	
	

	
	2-0
	TM 7/8/9
	
	WB CQI (4)
	SB CQI (1)
	

	
	
	TM 3
	RI (3)
	WB CQI (4)
	SB CQI (1)
	

	8Tx
	1-1, submode 1
	
	RI/W1(5)
	WB W2/CQI (2b)
	
	

	
	1-1, submode 2
	
	RI (3)
	WB W1/W2/CQI (2c)
	
	

	
	2-1
	
	RI/PTI (6)
	WB W1 (2a)
	WB W2/CQI (2b)
	SB W2/CQI (1a)

	
	1-0
	
	
	WB CQI (4)
	
	

	
	2-0
	
	
	WB CQI (4)
	SB CQI (1)
	


3.1. Prioritization on CQI type

In this section we discuss the case where two reports have the same CQI mode, but different CQI types. In general, the same principles in Rel.8 can be re-used, especially for 2/4Tx. For 8Tx mode 1-1 (both submode 1 and submode 2), similar principles should be followed where RI (and its variant) is given higher priority than wideband CQI/PMI. For 8Tx PUCCH mode 2-1, the introduction of PTI requires additional rules. To better understand this we first review the PUCCH 2-1 feedback structure: 

· Report 1: RI and 1-bit precoder type indication (PTI)

· Report 2: 

· PTI = 0: wideband W1 will be reported 

· PTI = 1: wideband CQI and wideband W2 will be reported 

· Report 3: 

· PTI = 0: wideband CQI and wideband W2 will be reported 

· PTI = 1: subband CQI, subband W2, 

Likewise, RI/PTI should be given the highest priority as it determines the reporting structure of W1/W2/CQI. Wideband W1 alone (following PTI = 0) should be given the second highest priority, as it has a larger effective duty cycle than W2/CQI and shall be protected to avoid PUCCH ambiguity in case of a lost W1. 

Proposal: If different CCs are configured with the same CQI mode, prioritizing CQI type as
· 2/4Tx 
· RI (3) > wideband PMI/CQI (2) > wideband CQI (4) > sub band CQI (1). 

· 8Tx 

· PUCCH mode 1-1, submode 1:   RI/W1(5) > W2/CQI (2b).

· PUCCH mode 1-1, submode 2:   RI (3) > W1/W2/CQI (2c).
· PUCCH mode 2-1: RI/PTI (6) > wideband W1 (2a) > wideband CQI/W2 (2b) > subband CQI/W2 (1a)
3.2. Prioritization on CQI mode 
In case two CCs are associated with different CQI modes, three schemes are possible:  

· Alt 1: 
Tabulate the priority order for all combinations of CQI mode & type. However, due to the number of combinations (7 modes, 10 types) it may be unnecessarily complicated. 
· Alt 2: 
Not prioritize CQI mode at all but only prioritize CQI type. That is, if two CCs are configured with different CQI modes, dropping is to be determined by RRC-configured priority of CC. This is simpler as CQI mode is anyway part of the RRC configuration. 
· Alt 3: 
Priority is first decided on the CQI mode where a lower priority mode is dropped. If the modes are identical, then CQI of a lower priority type is dropped. 

We note that Alt. 2 is the simplest solution with the least standardization work. Alt. 1 is the most complicated yet the benefits are unclear. 
If Alt. 3 is taken, prioritization can be first decided on whether PMI feedback is included, due to either transmission mode or PMI enabling/disabling. In our view RI/PMI constitutes an important component because it is a reference for the ensuing CQI report, and hence should be preserved whenever possible. 

8Tx PUCCH mode 1-1 can be configured in submode 1 (W1 jointly encoded with RI) and submode 2 (W1 jointly encoded with W2/CQI). Considering the 8Tx codebook size (max 4-bit W1, max 4-bit W2, max 7 bits CQI), joint encoding of W1 and W2/CQI incurs significant codebook sub-sampling in order to fit the 11-bit PUCCH payload [1-2]. To avoid heavy codebook sub-sampling and achieve higher feedback accuracy, it is preferable to prioritize submode 1 to maintain more feedback granularity.  

Proposal: If prioritization based on CQI mode is needed, PUCCH feedback report for a CC with PMI enabled is prioritized over another CC with PMI disabled.
· For 2/4 Tx

· PUCCH mode 1-1/2-1 is prioritized over mode 1-0/2-0
· PUCCH mode 1-0 is prioritized over mode 2-0
· PUCCH mode 1-1 is prioritized over mode 2-1

· For 8Tx: 
· PUCCH mode 1-1 submode 1 is prioritized over submode 2. 

3.3. Other issues affecting the dropping rule

For UE in TM9, UE-specific CSI-RS configuration has been proposed [3]. If this is agreed, it should be clarified whether the CSI-RS configuration can be CC-specific or CC-common. In the past UE-specific L1 parameters (e.g. transmission mode, CQI/PMI/RI configurations) are usually configurable on a CC-specific basis. If so, CQI for 1/2/4/8 CSI-RS antenna ports are preferably allocated with increasing priorities, as more Tx antennas usually need more spatial resolution and feedback accuracy. 
4. Conclusions

In this contribution we discuss the CQI mode/type order for PUCCH report in DL CC. The following principles are proposed: 

Proposal: 
Consider the simple scheme of only using the RRC-configured CC priority to determine the report dropping. Otherwise if CQI type/mode prioritization is viewed necessary: 
· When different CCs are configured with the same CQI mode

· 2/4Tx 

· RI (3) > wideband PMI/CQI (2) > wideband CQI (4) > subband CQI (1). 

· 8Tx 

· PUCCH mode 1-1, submode 1:   RI/W1(5) > W2/CQI (2b).

· PUCCH mode 1-1, submode 2:   RI (3) > W1/W2/CQI (2c).

· PUCCH mode 2-1: RI/PTI (6) > wideband W1 (2a) > wideband CQI/W2 (2b) > subband CQI/W2 (1a)

· When different CCs are configured with different CQI modes

· The first alternative is to not prioritize CQI mode at all but only prioritize CQI type. That is, if two CCs are with different CQI modes, dropping is to be determined by RRC-configured CC priority.

· Otherwise, 
· 2/4Tx: 

· PUCCH mode 1-1/2-1 is prioritized over mode 1-0/2-0

· PUCCH mode 1-0 is prioritized over mode 2-0

· PUCCH mode 1-1 is prioritized over mode 2-1

· 8Tx, 

· PUCCH mode 1-1 submode 1 is prioritized over submode 2.

· If CSI-RS is UE-specific and CC-specific, it is preferable to allocate increasing priorities to CQI for 1/2/4/8 CSI-RS. 
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