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1. Introduction

It was agreed during the LTE-Advanced SI phase that uplink control-data multiplexing shall be supported through two mechanisms [1]:

-
Control signalling is multiplexed with data on PUSCH according to the same principle as in Rel-8

-
Control signalling is transmitted on PUCCH simultaneously with data on PUSCH
One primary motivation for simultaneous PUCCH+PUSCH was to reduce UCI overhead on PUSCH by relaxing the single carrier constraint of Rel-8. This agreement was re-confirmed at the RAN1 #61bis meeting. Quite a few companies have participated in a RAN1 email discussion following the RAN1 #62bis meeting on the details of simultaneous PUCCH+PUSCH configuration, and specifically on what UCI types are conveyed on each physical channel. This contribution analyzes the proposed schemes and makes a few recommendations for UCI multiplexing.
2. Discussion
When a UE is configured for simultaneous PUCCH+PUSCH and there is UCI feedback and at least one PUSCH transmission in a certain subframe, a number of alternatives were proposed over the RAN1 email reflector for UCI multiplexing on PUCCH and PUSCH. These alternatives include:
· Alt 2: Same as case with no PUSCH
· 2a - drop all CSI
· 2b - drop some CSI
· If Simultaneous-AN-and-CQI = True
· In case of CA, drop all CSI
· In case of no CA, use PUCCH format 2a/2b
· If Simultaneous-AN-and-CQI = False
· Drop all CSI
· 2c - drop some CSI
· Multiplexing CSI with ACK/NAK based on the type of the CSI feedback using Rel-8 priority rules (e.g., RI > wideband CQI > subband CQI), and the availability of PUCCH   capacity (e.g., for format 3, up to 21 bits)
· 2d - drop some CSI
· If Simultaneous-AN-and-CQI = True
· In both cases of CA or no CA, use PUCCH format 2/2a/2b
· If Simultaneous-AN-and-CQI = False
· Drop all CSI
· Alt 3: Periodic CQI/PMI/RI on PUSCH and ACK on PUCCH
· Alt 4: All UCI on PUSCH
· Alt 5: Periodic CQI/PMI/RI on one of PUCCH/PUSCH (configured by RRC) and ACK on the other
· Alt 6: UCI transmission on PUCCH is the same as in the case of PUCCH only. The CSI dropped from PUCCH (if any) is piggybacked on PUSCH.
· Alt 7:
· UL CA: A/N on PUCCH and drop CSI;
· No UL CA -or- DL CA with single UL carrier: A/N + CSI on (primary) PUSCH (same as rel-8)
· Alt 8 : (to be supported as a special case in addition to one of the other Alternatives)
· If the UE has 2 A/N bits to transmit and if “Simultaneous-AN-and-CQI = True” --> use PUCCH format 2a/2b
As a general rule it should be clear that dropping all CSI reports is to be avoided whenever possible. Secondly, we believe UCI transmission for PUCCH+PUSCH should be considered in conjunction with the case of PUCCH-only transmission for two reasons. There may not be any PUSCH transmission in a subframe requiring UCI feedback either because the UE was not scheduled for PUSCH or the UE missed the UL grant. Secondly, Rel-8-type operation is preferred whenever possible in order to reduce specification efforts and the resulting number of test cases. 

Nevertheless, there are too many options and at the very least a preliminary down-selection is necessary:
· Alt 2a is unnecessary since it removes the possibility of Rel-8 operation with Format 2a/2b.

· Alt 4 is not valid because the use case under consideration is simultaneous PUCCH+PUSCH. 

· Alt. 7 can be subsumed into one of the other alternatives e.g. Alt. 2d. The same reasoning applies to Alt 8.

Further down-selection rests on the question of whether the same behavior is mandated for the PUCCH+PUSCH case as in the PUCCH-only case. 
For the same behavior as the PUCCH-only case Alt 2d has some similarity with Rel-8 operation, while Alt 2c could provide some enhancement especially in the case of a collision of CSI reports from different serving cells [2]. One issue with Alt 2d is that for more than 2 A/N bits Format 2a/2b is only applicable with A/N bundling assuming only one (up to 11-bit) CSI report is required. Therefore Alt 2d can be considered in conjunction with Alt 2c as follows
Proposal: 

· If the same UE behavior is mandated for the PUCCH-only and PUCCH-PUSCH cases

· If Simultaneous-AN-and-CQI = True
· In case of no CA, use PUCCH format 2/2a/2b
· In case of CA either 

· Drop all CSI or 

· Multiplex A/N and up to CSI report if the enhanced Format 3 payload is agreed for A/N and CSI multiplexing.

· If Simultaneous-AN-and-CQI = False
· Drop all CSI
In our view if the same behavior is not mandated as in the PUCCH-only case Alt 3 and Alt 5 are possible candidates. Alt. 3 is simpler because the UE knows where to place each UCI feedback type (at least in the case of CA). Alt. 5 on the other hand can increase flexibility by assigning the UCI type with the minimum number of bits to the PUSCH. Although the benefits of such flexibility are desirable this is still an optimization that is strictly not necessary for the following reasons:
· For the non-CA case Rel-8 procedure of multiplexing A/N and CSI on Format 2a/2b should be maintained.
· For the CA-case we can have up to 10 (20) A/N bits respectively for FDD (TDD). When we combine this with an 11-bit CQI/PMI feedback report it is unclear how much gain we get from the additional optimization provided by Alt. 5 

In light of this comparison Alt 3 can be viewed as quite similar to Alt 6. Therefore, our initial preference is 

Proposal: 

· If the same UE behavior is not mandated for the PUCCH-only and PUCCH-PUSCH cases

· UCI transmission on PUCCH is the same as in the case of PUCCH only. The CSI dropped from PUCCH (if any) is piggybacked on PUSCH.
3. Conclusion

This contribution has analyzed all the proposed options for multiplexing A/N and CSI feedback when a UE is configured for simultaneous PUCCH+PUCCH and there is a PUSCH transmission. Our preferences are

· If the same UE behavior is mandated for the PUCCH-only and PUCCH-PUSCH cases

· If Simultaneous-AN-and-CQI = True
· In case of no CA, use PUCCH format 2/2a/2b
· In case of CA either 

· Drop all CSI or 

· Multiplex A/N and up to CSI report if the enhanced Format 3 payload is agreed for A/N and CSI multiplexing.

· If Simultaneous-AN-and-CQI = False
· Drop all CSI
· If the same UE behavior is not mandated for the PUCCH-only and PUCCH-PUSCH cases

· UCI transmission on PUCCH is the same as in the case of PUCCH only. The CSI dropped from PUCCH (if any) is piggybacked on PUSCH.
References
[1] TR 36.814 v9.0.0, “Further Advancements for E-UTRA Physical Layer Aspects”
[2] R1-105888, Texas Instruments, “Periodic CSI reporting for Carrier Aggregation”










3

