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In 3GPP RAN1 Ad-Hoc 1801 meeting, partially overlapped PUCCH and PUCCH in time has been raised as an open issue. This is due to the fact that in NR, there are enough flexibility in configuration the transmit time of PUCCH and PUSCH and therefore partial overlap of them in time seems unavoidable.  In Rel-15 of NR, to keep the low PAPR in UL, only one UL channel is allowed to be transmitted at any given time, that require to define rules on how to handle the situation when such partial overlap of PUCCH and PUSCH occur.  In this contribution, the multiplexing mechanisms of PUCCH and PUSCH for eMBB service are discussed.
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Discussion
For eMBB service, in general, piggyback or dropping method will be used. But as the function and importance of different UCI types are different, the detailed solution could be different and will be discussed in this section.
Multiplexing SR with PUSCH
For multiplexing SR with PUSCH, to simplify the complexity of analysis, partial overlapping can be divided into two cases: SR transmit occasion is earlier than PUSCH (or at the same time) or SR transmit occasion is later than PUSCH, which are  shown in Figure 1.


[bookmark: _Ref506128682]Figure 1. Multiplexing PUCCH and PUSCH
If SR transmit occasion is earlier than PUSCH (or at the same time) as shown as case B in Figure 1, 
· SR information can be carried by the BSR in MAC CE of PUSCH. 
If SR transmit occasion is later than PUSCH, there will be two conditions as shown in case A in Figure 1:
· If SR information arrives  earlier than PUSCH transmission even though its transmission could be later than that of PUSCH, in this case, SR information can be carried by the BSR in MAC CE of PUSCH
· If SR information arrives after the start of PUSCH transmission (“duration X” in the Figure 1), SR information cannot be piggyback on PUSCH, and in this case it will be dropped.
Given the above discussion, the following proposal could be considered,
 Proposal 1: For eMBB SR partially overlap with eMBB PUSCH
· SR information could be carried by BSR in PSUCH if processing time permitted
· Otherwise, drop SR transmission at least in overlap region

Multiplexing HARQ-ACK with PUSCH
 In RAN1#90bis meeting [1] the following agreement was reached: 
Agreements:
· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH.
Based on this agreement, at least for the fully overlapping PUCCH case, if DL assignments (used to schedule PDSCH and PUCCH for HARQ-ACK) is later than the UL grant (used to schedule PUSCH), the PUCCH should not be overlapped with the PUSCH. To simplify the design, for the partial overlapping case, the same conclusion can be reused. 
If DL assignment is earlier than (or at the same slot) UL grant, gNB will judge if time is enough to prepare all HARQ-ACK information before packaging PUSCH. To be more specific
· If HARQ-ACK processing time is not enough so that HARQ-ACK could be piggybacked on PUSCH, as HARQ-ACK normally is considered more important than eMBB PSUCH, the UE could drop PUSCH and transmit HARQ-ACK, or puncture HARQ-ACK on PUSCH (if PUSCH transmission starts earlier).
· If processing time is enough, HARQ-ACK will be piggyback on PUSCH just like the full overlap case. Here the processing time include both HARQ-ACK processing time (K1 or N1) and PUSCH processing time (K2 or N2).
Given the above discussion, the following proposal could be considered,
Proposal 2: For eMBB HARQ-ACK partially overlap with eMBB PUSCH
· Piggyback HARQ-ACK information on PSUCH if processing time permitted 
· Otherwise, puncture or drop PUSCH at least in overlap region

Multiplexing CSI with PUSCH
So far, aperiodic CSI is not supported on PUCCH yet, so we just analyze periodic CSI (P-CSI) and semi-persistent CSI (SP-CSI) for now. For P-CSI and SP-CSI, gNB and UE can estimate if processing time at the UE is enough to prepare the P-CSI/SP-CSI and piggyback them on PUSCH 
· If processing time is not enough, gNB and UE  can  drop P-CSI/SP-CSI and only transmit PUSCH
· If processing time is enough, P-CSI and SP-CSI can be piggybacked on PUSCH. 
As these types of CSI report are periodic or semi-persistent CSI report, the processing time could be enough normally, in which cases, the CSI could be piggybacked on the PUSCH. However, besides processing time, resource limitation could be another factor as CSI report could require more resource to transmit.  Taking this into consideration, either gNB allocate more resources when scheduling PUSCH to accommodate both data and CSI, or CSI reports be dropped partially if not enough resource is scheduled. 
Given the above discussion, the following proposal could be considered,
Proposal 3: For P-CSI and SP-CSI partially overlap with eMBB PUSCH, 
· Piggyback P-CSI and SP-CSI on PUSCH if time and resource permitted
· Alternatively, drop P-CSI and SP-CSI 

Conclusion
Based on above discussions, the following proposals are given: 
Proposal 1: For eMBB SR partially overlap with eMBB PUSCH
· SR information could be carried by BSR in PSUCH if processing time permitted
· Otherwise, drop SR transmission at least in overlap region
[bookmark: _GoBack]Proposal 2: For eMBB HARQ-ACK partially overlap with eMBB PUSCH
· Piggyback HARQ-ACK  information on PSUCH if processing time permitted 
· Otherwise, puncture or drop PUSCH at least in overlap region
Proposal 3: For P-CSI and SP-CSI partially overlap with eMBB PUSCH, 
· Piggyback P-CSI and SP-CSI on PUSCH
· Alternatively, drop P-CSI and SP-CSI at least in overlap region
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