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1 Introduction
At RAN #78 meeting, it has been decided to support different numerologies within a same PUCCH group [1] 

	For NR-NR CA, finalization of the work to enable up to 2 different numerologies within the same PUCCH group (PUCCH sent on the CC with smaller SCS) in RAN1 in Q1, and in RAN4 (Core) for Q2, for the December drop.


Especially, PUCCH Cell was restricted to the CC with smaller SCS within a PUCCH group for this case.
In this contribution we study potential cases of UCI transmission on PUSCH and state our views.   

2. Discussion
The following was agreed in RAN1 # 90 meeting and RAN1 #91 meeting respectively for HARQ-ACK timing of DL transmissions with different numerologies and parallel PUCCH and PUSCH transmissions [2][3]: 

	Agreements:
· Confirm the WA at RAN1 NR AH#2

· HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology

· The time granularity of a HARQ-ACK transmission on PUCCH, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission

Conclusion:
· It is understood that parallel PUCCH and PUSCH transmissions on the same cell is deprioritized from the Dec. release, and parallel PUCCH on one cell and PUSCH on a different cell (or UL vs. SUL for the serving cell) within a cell group is also deprioritized in the Dec. release 

· From RAN1 perspective, this entire feature is not supported in Rel-15
· Note: across cell groups, parallel PUCCH in one group vs. PUSCH in the other goup is supported 


Figure 1 provides an example of parallel UL transmissions with different numerologies within a PUCCH group. These two overlapped UL transmissions on two CCs are termed as “one slot pair” for discussion hereinafter. 
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Figure 1: One example of slot pair overlapped in time domain across CCs


Given the timing granularity of a HARQ-ACK transmission for DL CCs with the different numerologies always based on the numerology of the PUCCH transmission and PUCCH was greed to be always on the CC with a smaller SCS (i.e longer slot duration), it can be observed that only the first slot within a slot pair on a CC with larger SCS (e.g. slot #2n on the CC#1) can be potentially used for HARQ-ACK feedback on PUSCH. Note that if PUSCH in the first slot on CC with larger SCS (i.e. slot 2n on CC#1 in FIG1) is not scheduled, PUCCH on the CC#0 will start transmission and carry HARQ-ACK bits according to the current agreements . 

Observation 1

· Only PUSCH in the first slot of a slot pair on a CC with larger SCS can be potentially used for HARQ-ACK feedback. 
When different numerologies are used for different UL CCs, overlapping UL transmissions across CCs may occur in a slot pair between

1. PUSCH and PUSCH 

2. PUCCH and PUSCH

Rules are needed to handle these cases in accordance to the design principle that already agreed, i.e.  parallel PUCCH on one cell and PUSCH on a different cell (or UL vs. SUL for the serving cell) within a cell group is also deprioritized. 

For Case 1, LTE principle can be reused to piggyback UCI on the PUSCH that is earlier transmitted on a lower CC index i.e. the first PUSCH on the CC#0 in C1, C2, C3, C4 and C6 of FIG.2. A special case of PUSCH and PUSCH parallel transmissions occurs in case the PUSCH transmission on the CC with larger SCS is later than that on the CC with smaller SCS i.e. C5 in FIG. 2. As discussed above, the HARQ-ACK should be transmitted on the PUSCH on CC#1 in this case due to the HARQ timing is indicated based on the SCS of PUCCH that always uses the smaller SCS and PUSCH on CC#1 is transmitted earlier.    
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Figure 2:  Parallel transmissions of PUSCH with different numerologies


Proposal 1: 

· In case of parallel PUSCHs transmissions across CCs, HARQ-ACK bits are piggaybacked on the PUSCH that is earlier transmitted on a lower CC index. 
For Case 2, the HARQ-ACK bits can be transmitted on the PUSCH in slot 2n on CC#1 in case of C1 and C3 and then PUCCH on CC#0 would be dropped following the rule of no parallel transmission of PUCCH and PUSCH. However, in C2 of FIG.3, PUSCH is scheduled in the slot 2n+1 on CC#1 and should be dropped and HARQ-ACK bits are then mapped to PUCCH on CC#0 due to the simutanous transmission of PUCCH and PUSCH is not supported in Rel-15 within a PUCCH group. 
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Figure 3:  Collision between PUSCH and PUCCH with different numerologies


Proposal 2: 

· In case of collision of PUSCH and PUCCH transmissions across CCs within a slot pair, if PUSCH is transmitted not later than PUCCH, HARQ-ACK bits are piggaybacked on the PUSCH and PUCCH is dropped; Othewise, HARQ-ACK is transmitted on PUCCH and the later PUSCH is dropped. 
3. Conclusions

In this contribution, we discussed the FFS aspects related to CA, especially on HARQ-ACK feedback operations. The following observation and proposals were made to complete the specification on NR CA:
Observation 1

· Only PUSCH in the first slot of a slot pair on a CC with larger SCS can be potentially used for HARQ-ACK feedback. 
Proposal 1: 

· In case of parallel PUSCHs transmissions across CCs, HARQ-ACK bits are piggaybacked on the PUSCH that is earlier transmitted on a lower CC index. 
Proposal 2: 

· In case of collision of PUSCH and PUCCH transmissions across CCs within a slot pair, if PUSCH is transmitted not later than PUCCH, HARQ-ACK bits are piggaybacked on the PUSCH and PUCCH is dropped; Othewise, HARQ-ACK is transmitted on PUCCH and the later PUSCH is dropped. 
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