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1
Introduction
It was agreed that 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. In RAN1#63bis, it was further agreed that when simultaneous PUCCH + PUSCH is not configured and in case of collision between multi-CC A/N and periodic CSI on PUCCH, if the parameter simultaneousAckNackAndCQI is set toTRUE:
· Baseline is that CSI is dropped
· Study further until RAN1#64 and revisit if a significant problem is identified and complete solution (e.g. based on PUCCH format 2b with bundling or format 3) is available.
In this paper, we discuss the need to multiplex ACK/NAK with CSI onto PUCCH format 3.
2
Discussion
In Rel-8/9, if both CQI/PMI/RI, i.e. channel state information (CSI), and ACK are due for transmission, and there is no PUSCH transmission, CQI/PMI/RI and ACK are transmitted on PUCCH using the format 2a/2b if Simultaneous-AN-and-CQI is set to TRUE by higher layers, and otherwise CQI/PMI/RI is dropped. 
In RAN1#63bis, the following were agreed:

· 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. 

· 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
· In case of only periodic CQI/PMI/RI (without A/N) 

· When no PUSCH is available, reporting is done as in Rel-8 on PUCCH
· When PUSCH is available, reporting is done as in Rel-8 on PUSCH

· In case of collision between multi-CC A/N and periodic CSI on PUCCH:

· If the parameter simultaneousAckNackAndCQI is FALSE, CSI is dropped.
· If the parameter simultaneousAckNackAndCQI is TRUE, 
· Baseline is that CSI is dropped.
· Study further until RAN1#64 and revisit if a significant problem is identified and complete solution (e.g. based on PUCCH format 2b with bundling or format 3) is available. 

When the parameter simultaneousAckNackAndCQI is TRUE, whether to multiplex ACK/NAK with CSI or not should consider the following two factors at the same time:

· The multiplexing should not significantly compromise the ACK/NAK performance, given that ACK/NAK has a higher priority than CSI 

· The multiplexing is necessary only if a significant problem exists.
It is our view that always dropping CSI when colliding with multi-CC A/N will cause significant impact on DL scheduling and consequently DL throughput. A Rel-10 UE configured with multi-CC ACK/NAK operation typically expects heavy DL traffic,  requiring frequent multi-CC ACK/NAK transmissions on the UL. As a result, CSI feedback would often collide with the multi-CC ACK/NAK feedback and would often be dropped due to the collisions. The unavailability of CSI information would significantly impact DL scheduling. It is noted that such issue can be alleviated via scheduled PUSCH transmissions. 

If PUCCH format 2b is used, only 2-bit ACK/NAK information can be transmitted. Some ACK/NAK bundling operation has to be performed, resulting in compromised PDSCH H-ARQ operations. As a result, multiplexing bundled multi-CC ACK/NAK with CSI using format 2b is notdesirable.

On the other hand, if PUCCH format 3 is used, up to 21-bit can be supported. Since in any given subframe the CSI feedback is for one CC only, periodic CSI report under CA has a maximum payload size of 11 bits. For FDD and some TDD configurations, up to 11-bit CSI can be readily multiplexed with ACK/NACK feedback within the capacity of PUCCH format 3, without notable degradation of ACK/NAK performance. Thus, it is preferable to allow multi-CC ACK/NAK and CSI to be multiplexed onto PUCCH format 3 according to the following:
· Denote 

· The bitwidth of the multi-CC ACK/NAK codebook size as n 
· The bitwidth of the CSI feedback as m
· Note that m depends on the type of the CSI feedback (RI, wideband, subband, etc.)

· The bitwidth of SR as k
· k  = 1 if the subframe is configured as a SR subframe for the UE; k = 0 otherwise.

· If n+m+k ≤ 21

· ACK/NAK, SR (if present) and CSI are jointly coded, with CSI last appended
· Otherwise, 
· ACK/NAK and SR (if present) are jointly coded, with CSI dropped.
3
Conclusions 

In this contribution, we discussed the need to multiplex ACK/NAK with CSI onto PUCCH format 3 and propose the following:

· Denote 

· The bitwidth of the multi-CC ACK/NAK codebook size as n 
· The bitwidth of the CSI feedback as m
· Note that m depends on the type of the CSI feedback (RI, wideband, subband, etc.)

· The bitwidth of SR as k
· k  = 1 if the subframe is configured as a SR subframe for the UE; k = 0 otherwise.

· If n+m+k ≤ 21

· ACK/NAK, SR (if present) and CSI are jointly coded, with CSI last appended
· Otherwise, 

· ACK/NAK and SR (if present) are jointly coded, with CSI dropped.
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