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1 Introduction

In RAN1#82bis, the following were agreed for PUCCH transmissions from Rel-13 low cost UEs.
Agreement:

· LC/CE UE is not expected to be configured with non-contiguous UL resource allocations, and simultaneous PUCCH and PUSCH

Continue discussion offline, including the following:
· For the subframes where PUSCH repetition and PUCCH repetition overlaps, one option is selected:

· If full overlap:

· Option 1: ACK is multiplexed with PUSCH 

· Option 2: Drop PUSCH

· If partial overlap:

· Option 1: Drop PUSCH during overlap portion

· Option 2: Drop the later channel

· Option 3: ACK is multiplexed with PUSCH on overlapped subframes
This contribution considers HARQ-ACK multiplexing with data on PUSCH, with SR, and with P-CSI.
2 HARQ-ACK Multiplexing
HARQ-ACK in PUSCH
HARQ-ACK multiplexing in PUSCH can occur in no/small CE when there are no PUSCH repetitions as in Rel-12. This is because the link budget for HARQ-ACK transmission on PUSCH is worse by more than 4 dB than the link budget for HARQ-ACK transmission on PUCCH. 

Proposal 1: When PUSCH transmission from a UE is without repetitions and the UE needs to simultaneously transmit PUSCH and HARQ-ACK, the UE multiplexes HARQ-ACK in the PUSCH.  

When a Rel-12 UE transmits HARQ-ACK on PUCCH with repetitions, the Rel-12 UE suspends any other transmission in order to transmit HARQ-ACK. PUSCH transmission is suspended/dropped in subframes it overlaps with HARQ-ACK transmission (on PUCCH). The legacy operation was partly a result of assuming that an eNB can avoid scheduling PUSCH to a UE in subframes where PUSCH transmission would overlap with HARQ-ACK transmission with repetitions on PUCCH. Therefore, there was no need to increase specification and UE/eNB implementation complexities. Such an assumption is no longer necessarily valid in CE operation for MTC UEs as repetitions for a PUSCH transmission can potentially start before M-PDCCH/PDSCH transmissions and the resulting overlapping HARQ-ACK transmission. However, this requires that the number of PUSCH repetitions is larger than the total number of M-PDCCH/PDSCH repetitions which is unlikely in practice. Such overlapping is also unlikely or not possible for HD-FDD UEs. Therefore, it is preferable to maintain legacy behavior and not introduce new specifications, regardless of full overlap or partial overlap. This would also avoid occasions where some HARQ-ACK repetitions occur on PUSCH and the remaining on PUCCH, or for adjusting the number of subframes for detecting HARQ-ACK with a target BLER depending on whether transmission is on PUSCH or on PUCCH (HARQ-ACK transmission on PUSCH has a ~4 dB loss relative to PUCCH), or for ensuring existence of HARQ-ACK resource on PUCCH after a number of repetitions on PUSCH (that can be equal to or larger than the number of repetitions on PUCCH), etc. 
Proposal 2: When PUSCH transmission from a UE is with repetitions and the UE needs to simultaneously transmit PUSCH and HARQ-ACK, the UE transmits HARQ-ACK on PUCCH (and suspends PUSCH transmission in overlapping subframes as simultaneous PUSCH and PUCCH transmissions are not supported).  

HARQ-ACK and P-CSI Multiplexing
For HARQ-ACK and P-CSI multiplexing using PUCCH Format 2a, the same problems exist and therefore the same principles can apply as for HARQ-ACK and data multiplexing using PUSCH. This is because of the ~5 dB worse link budget of HARQ-ACK transmission using PUCCH Format 2a than using PUCCH Format 1a. HARQ-ACK and P-CSI multiplexing can be supported as in Rel-12 when P-CSI transmission is configured without repetitions. 

Proposal 3: When PUCCH Format 2 transmission from a UE is with repetitions and the UE needs to simultaneously transmit PUCCH Format 2 and HARQ-ACK, the UE transmits HARQ-ACK using PUCCH Format 1a (and suspends PUCCH Format 2 transmission in overlapping subframes).  

SR and HARQ-ACK Multiplexing
The PUCCH transmission pattern (number of configured repetitions and frequency hopping granularity) for SR can be the same as for HARQ-ACK (single/same design) as HARQ-ACK and SR typically have the same target BLER and use the same PUCCH structure. For HARQ-ACK/SR transmission without repetitions, Rel-12 multiplexing can apply according to PUCCH Format 1/1a. 
For HARQ-ACK/SR transmission with repetitions, although problems related to HARQ-ACK multiplexing on PUSCH or on PUCCH Format 2a are avoided as the number of repetitions and the BLER is the same regardless of whether HARQ-ACK/SR are individually transmitted or are jointly transmitted through resource selection, problems related to the HARQ-ACK or the SR transmission achieving frequency diversity can exist if the same narrowband is configured for the first repetitions of HARQ-ACK and SR transmissions and this can result to materially increased BLER. For example, for HARQ-ACK or SR transmission with 8 repetitions starting from a first narrowband and hopping to a second narrowband, if HARQ-ACK transmission starts 4 (valid) subframes prior to SR transmission and HARQ-ACK is then transmitted in the PUCCH resource for the SR, there is practically no frequency diversity for the HARQ-ACK transmission (same for the SR if it starts earlier), and there is decreased frequency diversity if HARQ-ACK transmission starts 2 subframes prior to SR transmission. Full frequency diversity can be maintained if the PUCCH resource for the first repetition of HARQ-ACK transmission is in a different narrowband than the PUCCH resource for the first repetition of the SR transmission.  
Proposal 4: SR transmission and HARQ-ACK transmission from a Rel-13 low cost UE are configured the same number of repetitions. In overlapping subframes, HARQ-ACK and SR are multiplexed as in Rel-12. The narrowband for the first repetition of HARQ-ACK transmission on PUCCH Format 1a is separately determined from the narrowband for the first repetition of SR transmission on PUCCH Format 1.  
3 Conclusions

This contribution considered HARQ-ACK multiplexing with data, SR, and P-CSI. In particular, the following are proposed.
Proposal 1: When PUSCH transmission from a UE is without repetitions and the UE needs to simultaneously transmit PUSCH and HARQ-ACK, the UE multiplexes HARQ-ACK in the PUSCH.  

Proposal 2: When PUSCH transmission from a UE is with repetitions and the UE needs to simultaneously transmit PUSCH and HARQ-ACK, the UE transmits HARQ-ACK on PUCCH (and suspends PUSCH transmission in overlapping subframes as simultaneous PUSCH and PUCCH transmissions are not supported).  

Proposal 3: When PUCCH Format 2 transmission from a UE is with repetitions and the UE needs to simultaneously transmit PUCCH Format 2 and HARQ-ACK, the UE transmits HARQ-ACK using PUCCH Format 1a (and suspends PUCCH Format 2 transmission in overlapping subframes).  

Proposal 4: SR transmission and HARQ-ACK transmission from a Rel-13 low cost UE are configured the same number of repetitions. In overlapping subframes, HARQ-ACK and SR are multiplexed as in Rel-12. The narrowband for the first repetition of HARQ-ACK transmission on PUCCH Format 1a is separately determined from the narrowband for the first repetition of SR transmission on PUCCH Format 1.  
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