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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN1#87 and NR Ad Hoc meetings [1] [2], uplink control channel design was discussed and the following was agreed:
· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
·  Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH  in long-duration
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
In this contribution, we will discuss the multiplexing schemes between PUCCH and PUSCH, including simultaneous transmission of PUCCH and PUSCH in FDM manner, and TDMed PUCCH and PUSCH in different symbol(s) in a slot. 
Discussion
TDMed PUCCH and PUSCH in different symbol(s) in a slot 
One possibility to multiplex PUCCH and PUSCH in one slot from a UE’s perspective is TDM manner. There may be two cases since the PUCCH may be short PUCCH or long PUCCH.
· Case 1. TDMed short PUCCH and PUSCH of a single UE
· The short PUCCH may occupy one or two symbols as agreed in RAN1 NR Adhoc meeting. For DL centric slot, there may be only a few uplink symbols, which can be used to transmit short PUCCH only. But for UL-centric slot or UL-only slot, TDMed short PUCCH and PUSCH should be supported as shown in Figure 1, since only a few uplink symbols are used for short PUCCH transmission. The remaining symbols can be used to schedule PUSCH.
· The one or two symbols occupied by short PUCCH can be separate or overlapped with the symbols scheduled for PUSCH for a given UE. If it is overlapped, the UE should puncture or perform rate matching to the PUSCH.
· The short PUCCH may locate before, in the middle of, or after PUSCH. Considering the extra complexity, we don’t prefer PUCCH occurring in the middle of PUSCH. The short PUCCH can be either before or after PUSCH.

               
[bookmark: _GoBack]Figure 1. TDMed short PUCCH and PUSCH 
Proposal 1: TDMed short PUCCH and PUSCH should be supported at least for UL only slot and UL centric slot.
· Case 2. TDMed long PUCCH and PUSCH of a single UE
· As agreed in RAN1 #88bis meeting, the number of symbols in a slot for long PUCCH transmission may be from 4 to 14. In case of 7 symbols per slot, we don’t see the need to support TDMed long PUCCH and short PUSCH, since there are only a few symbols remained that can be used for short PUCCH transmission rather than scheduled for PUSCH transmission as shown in Figure 2. If there are 14 symbols in a slot, TDMed long PUCCH and PUSCH may be considered.

               
Figure 2. TDMed long PUCCH and PUSCH 
Proposal 2: No need to support TDMed long PUCCH and PUSCH at least for the case of 7 symbols in a slot.
Simultaneous transmission of PUCCH and PUSCH
[bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60]For NR, it was agreed that physical uplink control signaling should be able to carry at least HARQ A/N, scheduling request (SR), and CSI reports (possibly including some beam related information). Simultaneous transmission of PUSCH and PUCCH has been agreed to support at least for the long PUCCH format, and the potential two options of multiplexing PUCCH/PUSCH channels were discussed as follows: 
· Option 1. Simultaneous transmission of PUCCH and PUSCH in non-adjacent frequency resources
· Transmission resource of PUCCH is not related to the transmission resource of PUSCH, which is shown in Figure 3.(a);
· Option 2. Simultaneous transmission of PUCCH and PUSCH in adjacent frequency resources 
· The UCI is still transmitted on PUCCH, but the PUCCH resource is adjacent to PUSCH, which is shown in Figure 3.(b);



               
			                                             						(a)										                                                                            (b)
Figure 3. (a) Simultaneous transmission PUSCH and PUCCH in non-adjacent frequency resource, 
                        (b) Simultaneous transmission PUSCH and PUCCH in adjacent frequency resource 
According to the agreement of ‘transmit uplink control on PUCCH resources even in presence of data’, it means that UCI can be transmitted on the PUCCH resource even in presence of data. At the same time, the spec should support that UCI is transmitted on the PUCCH where no data is scheduled. Thus, UCI should be transmitted regardless whether data is transmitted or not. 
· For Option 1:
· Pros
· Option 1 which PUCCH uses its own respective resource from PUSCH would have better flexibility for resource scheduling.
· Multiplexing efficiency of PUCCH would be better than Option 2.
· Cons
· For the potential inter-modulation distortion (IMD) issue of Option 1, it will be more serious than Option 2. But in LTE, non-contiguous transmission for intra-carrier case and multiple-carrier transmission for inter-carrier case have already been supported. Simultaneous transmission between PUSCH and PUCCH in non-adjacent frequency resource can be also reasonable in NR.
· The PAPR and CM will be higher for Option 1 compared to Option 2. More MPR may be needed for the case of Option 1.
· For Option 2:
· Pros
· No IMD issue.
· The problem of PAPR and CM is less serious compared to Option 1.
· Cons
· For the Option 2, UCI is still transmitted on PUCCH, but the PUCCH resource is adjacent to PUSCH resource which is somehow tied with PUSCH resource. Generally it is not consistent with the agreement and will lead to some restrictions on resource allocation for PUCCH and PUSCH. Since PUCCH is limited to be transmitted only in the adjacent PRB(s) to the bandwidth of PUSCH, the flexibility for resource sheduling would be lost.
· Besides, compared to Option 1, the Option 2 will potentially reduce the multiplexing efficiency of PUCCH due to the linkage with its PUSCH. In other words, when a UE transmits its PUCCH in the resource adjacent to its PUSCH, the UE cannot share this PUCCH resource with other UEs, and the allocated resource in the PUCCH region is also less utilized.
Based on the analysis above, at least from RAN1 point of view, for simultaneous transmission between PUSCH and PUCCH, transmission resource of PUCCH should not be tied with the transmission resource of PUSCH unless RAN4 identifies IMD is an issue.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Proposal 3: For simultaneous transmission between PUSCH and PUCCH, transmission resource of PUCCH is not tied with the transmission resource of PUSCH unless RAN4 identifies IMD is an issue.
Conclusion
Based on above discussions, following proposals are given 
Proposal 1: TDMed short PUCCH and PUSCH should be supported at least for UL only slot and UL centric slot.
Proposal 2: No need to support TDMed long PUCCH and PUSCH at least for the case of 7 symbols in a slot.
Proposal 3: For simultaneous transmission between PUSCH and PUCCH, transmission resource of PUCCH is not tied with the transmission resource of PUSCH unless RAN4 identifies IMD is an issue.
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