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1
Introduction
In RAN1 #82bis meeting several agreements were reached on UCI for up to 32 CCs but only one of them was specifically for UCI on PUSCH:   
Agreement:

· For a Rel-13 UE, two beta offsets can be configured for HARQ-ACK transmission on a PUSCH 

· One beta offset (i.e. the existing RRC parameter) is applied when up to x HARQ-ACK bits are transmitted on PUSCH in a subframe  

· The other beta offset (i.e. a new RRC parameter) is applied when more than x HARQ-ACK bits are transmitted on PUSCH in a subframe 

· x = 22 if it is decided that there is no CRC for up to 22 HARQ-ACK bits, and x is FFS if it is decided to include a CRC

· Values of the new beta offset parameter FFS. 
“Beta offset” refers to the UE specific RRC parameter used for calculating HARQ-ACK resources based on the ratio of the number of HARQ-ACK and data bits. Besides the FFS issues of the agreement, we discuss in this document the coding and mapping of different UCI, and the dynamic HARQ-ACK codebook adaptation, proposing solutions having commonality with the present system as far as possible.  
2
Discussion
2.1 Separate handling of different UCI types
The agreement copied in the introduction above seems to assume that HARQ ACK should remain separately coded and mapped to PUSCH also in Rel-13. As we do not have any obvious reason for changes in this respect between Rel-12 and -13, and because RI will anyway need to be separately encoded when A-CSI is included into UCI, we propose for simplicity’s sake that     
Proposal 1: Use separate encoding of different UCI types for transmission on PUSCH, like in Rel-12.
2.2 Mapping of HARQ feedback on PUSCH
In Rel-12, HARQ feedback is transmitted in four SC-FDMA symbols that are next to the reference symbols. This means at maximum 48 QPSK symbols per PRB and subframe are available for HARQ-ACK. In [1] we showed that four SC-FDMA symbols is not enough for 128 bits, if considering scenarios with narrowband PUSCH (i.e. at least with up to 3 PRBs) but, on the other hand, increasing the number of PRBs was shown to be an efficient way to improve the performance. 
It was observed in [2] that large HARQ feedback payloads can be largely handled by eNB scheduler avoiding narrow PUSCH allocations. It was also observed that this would seldom be any real practical limitation because wide PUSCH allocations are needed for TCP-ACKs alone if UE receives data on many carriers. We share this view. Obviously, also the dynamic codebook adaptation (discussed more in the section 2.3 below) would reduce the average codebook size. Furthermore, when the maximum number of component carriers and DL subframes within a DL association set are scheduled for a UE, the number of scheduled UEs in the UL cell is most likely quite small. This implies that 128 bits with only few PRBs allocated to PUSCH (due to limited UL bandwidth) is not a practical scenario. Finally, if the control channel coverage is limited in certain subframes carrying a large amount of HARQ-ACK feedback (such as 128 bits), the eNB may choose not to schedule narrowband PUSCH at all on those subframes. Also, increasing the number of resource elements available for HARQ-ACK would reduce the number of resource elements available for PUSCH. This would mean that only small TBs could be transmitted with narrowband PUSCH. Based on these considerations, we make the following proposal:   
Proposal 2: Maintain present HARQ-ACK mapping to four SC-FDMA symbols.
If HARQ-ACK remains to be mapped to four symbols only, the Rel-12 operation where HARQ-ACK symbols puncture data symbols should still be sufficient. Because of simplicity and robustness we propose

Proposal 3: Maintain present operation where HARQ-ACK symbols are taken into account by puncturing data symbols as in Rel-12.
2.3 Dynamic HARQ-ACK codebook adaptation
In RAN1 #82bis, it was agreed that eNB selects whether a UE uses dynamic HARQ-ACK codebook adaptation according to the scheduled carriers or static HARQ-ACK codebook according to the configured carriers. We think the configuration should be common for PUSCH and PUCCH. The dynamic adaptation would be especially important for HARQ-ACK transmission on PUSCH because that would allow for narrow PUSCH allocations when the number of configured carriers is large but only a few carriers are scheduled. When HARQ-ACK is transmitted on PUSCH, UE’s wrong judgement on the number of scheduled carriers would affect UL data reception, which is an additional complication compared with HARQ-ACK transmission on PUCCH. Therefore, depending on the final selection of DAI scheme, sending UL DAI besides DL DAI could be beneficial for UCI on PUSCH [3]. However, even when UL DAI would not be available, i.e. with non-adaptive retransmissions or semi-persistently scheduled transmissions, adaptive HARQ-ACK codebook could still be used on PUSCH (if configured) because DL DAI alone should lead to a fairly reliable decision on the codebook size and data may be received successfully even when UE uses wrong codebook. Because of these reasons and because eNB in any case has the possibility to send UL grants, we propose that     
Proposal 4: Configuration of dynamic (i.e. DAI based) HARQ-ACK codebook adaptation is common for PUSCH and PUCCH and applied with PUSCH even if UL DAI is not available.     
2.4 CRC attachment, encoding scheme, and beta offset configuration for HARQ-ACK
In the agreement, copied in the beginning of this document, the use of the second beta offset is tentatively tied to CRC attaching. This is natural because avoiding of DTX to ACK and NACK to ACK errors becomes straightforward when CRC is attached, and some kind of a sensitivity requirement step can be expected to take place when moving from encoding without CRC to encoding with CRC. Such a sensitivity requirement change can be taken into account by beta offset change. Similarly, change from RM to TBCC could mean discontinuity in the performance versus the number of HARQ-ACK bits or at least in the rate at which the performance improves as a function of the number of HARQ-ACK bits. It would be simplest if one threshold in terms of number of HARQ-ACK bits would determine CRC attachment, selection between RM and TBCC coding, and selection of the beta offset. The commonality with Rel-12 would be maximized if the threshold were 22 bits i.e. CRC would be attached, and TBCC and the second beta offset would be in use when the number of HARQ-ACK bits is larger than 22. Therefore, our proposals are
Proposal 5:  A single threshold for the number of HARQ-ACK bits determines when CRC is attached, TBCC is used, and the second beta offset is applied.
Proposal 6: Unless a smaller threshold is proven to be considerably better, CRC, TBCC, and the second beta offset are used only if the number of HARQ-ACK bits is larger than 22. 
2.4 Coding and beta offset for RI
Similarly as in the case of HARQ-ACK, for the increased number of CCs, the present RI encoding scheme can be extended up to 22 bits. For larger number of bits, TBCC is the natural selection: 

Proposal 7: Extend the present RI encoding scheme for up to 22 bits and use TBCC beyond that value.

Although not being as essential as with HARQ-ACK, a second beta offset value, used with TBCC, would be beneficial for taking into account varying coding gain, and we propose that   
Proposal 8: A second beta offset parameter is specified for RI to be used with TBCC when the number of RI bits is larger than 22. 
3
Conclusion
Our proposals for carrying UCI on PUSCH for up to 32 CCs are:
Proposal 1: Use separate encoding of different UCI types for transmission on PUSCH, like in Rel-12.
Proposal 2: Maintain present HARQ-ACK mapping to four SC-FDMA symbols.

Proposal 3: Maintain present operation where HARQ-ACK symbols are taken into account by puncturing data symbols as in Rel-12.

Proposal 4: Configuration of dynamic (i.e. DAI based) HARQ-ACK codebook adaptation is common for PUSCH and PUCCH and applied with PUSCH even if UL DAI is not available.     
Proposal 5:  A single threshold for the number of HARQ-ACK bits determines when CRC is attached, TBCC is used and the second beta offset is applied.

Proposal 6: Unless a smaller threshold is proven to be considerably better, CRC, TBCC, and the second beta offset are used only if the number of HARQ-ACK bits is larger than 22. 
Proposal 7: Extend the present RI encoding scheme for up to 22 bits and use TBCC beyond that value.

Proposal 8: A second beta offset parameter is specified for RI to be used with TBCC if the number of RI bits is larger than 22. 
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