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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
In the previous meetings, the following agreements were made regarding short UL control channel [1][2][3]:
Agreements:
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently
Agreements:
 For PUCCH in short-duration,
· For a slot having short UL-part (i.e., DL-centric slot):
· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.
· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:
· Whether/how a UL data in the long UL-part can be extended until the end of the slots.
· Whether/how a UL data can be scheduled on the short-duration.
In this contribution, we present our view on multiplexing the UL data channel with the short UL control channel for NR. Also, simultaneous transmission of long PUCCH and PUSCH is discussed.
2. [bookmark: _GoBack]Discussion
1 
2 
Multiplexing of PUSCH and short PUCCH
As agreed in the earlier meeting [, NR supports FDM of “short UCI” and data. It can be within a UE and between UEs. The PRBs for short UCI and data are non-overlapping. The FDM multiplexing increases resource utilization. 
Two possible solutions are provided below to support the multiplexing of long PUSCH and short PUCCH.
Solution 1
As illustrated in Figure 1, several possible cases are shown when the PUSCH is being extended to the short PUCCH region. The remaining resources of these symbols which are not allocated for the short PUCCH can be assigned for the PUSCH if possible.
Case1: The PUSCH of UE1 is extended to the first symbol of the short PUCCH region. The end symbol of the PUSCH of UE1 is the second last one since it does not overlap with short PUCCH of other UEs. The PUSCH of UE1 cannot be extended to the second symbol of the short PUCCH, since this symbol is assigned to the short PUCCH of the other UE at the same PRB.
Case2: The PUSCH of UE2 is extended to whole short PUCCH region. In the same time, the end symbol of the PUSCH of UE2 ratematching the PRBs used for  short PUCCHs UE2. 


[bookmark: _Ref465338141]Figure 1 - Several possible cases as PUSCH being extended to the short PUCCH region
The case1 can be supported by dynamically signalling of the ending symbol of PUSCH. gNB have the global knowledge of the resource going to be used by UEs’ PUCCH and PUSCH. Conflict scheduling of overlapping can happen if UE miss-detect DCI.
The case2 can be supported by introduce rules of ratematching around the short PUCCH, since those PUSCH and PUCCH are for same UE. The ratematching scheme can be applied for at least OFDM waveform. For non-OFDM waveform, the scheme can apply when the PUCCH-PUSCH simultaneous transmission enabled.
Supporting case 2 can better use the resource without extra signalling. For periodic UCI, the ratematching will be correctly assumed for both UE and gNB. If dynamic HARQ-ACK is transmitted in the last symbols, mechanism similar as codebook determination will be used.
 Solution 2
Another method can enable the PUSCH to be extended to the end of the slot by introducing higher layer signalling. This is to further reuse the free resources of the short PUCCH area.
For example, a time-frequency domain resource range for short PUCCH can be semi-statically configured by the base station. The base station can inform the resource range via the RRC signalling for the UE. That is, the UE will know the resource range of short PUCCH in the slot. Thus, when the PUSCH resource is allocated, the UE can determine whether the PUSCH resources overlap with the short PUCCH resources. If there is an overlap, the PUSCH in the overlapping resource can perform rate matching or punching. The problems described in case1 and case2 can also be solved very well.
A semi-static higher layer short PUCCH resource allocation is required.
Analysis for Solution 1 and 2
In Solution 1, the physical layer signalling is required to indicate the end symbol of the PUSCH. In Solution 1, the short PUCCH can have a highly flexible resource allocation. The short PUCCH remaining resources can be fully reused. The PUSCH ending symbol in DCI should consider this indication.
In Solution 2, RRC signalling is used to be sent as a time-frequency domain resource range in the slot, and the UE can derive whether the PUSCH resource contains these short PUCCH resources. In Solution 2, semi-static short PUCCH resource range allocation is required in order to facilitate the description of short PUCCH resources in the slot. The remaining resources of the short PUCCH may not be fully reused because the resources allocated for the short PUCCH cannot match dynamic scheduling.
In summary, we believe that long PUSCH should be supported to be extended to the short PUCCH area to fully reuse the remaining resources of the short PUCCH area. DCI and should study how to support long PUSCH being extended to the short PUCCH area. The above two possible solutions can be considered.
Proposal 1: 
To fully reuse the remaining resources of the short PUCCH area, two methods should be supported.
Method1: The dynamic signalling indicates that the UE PUSCH ending symbols can be the short PUCCH region. UE will rate matching its short PUCCH resource if overlapped. 
Method2: RRC configuration indicates the short PUCCH resource range in the slot, and the PUSCH resource mapped for the UE does not contain resources in indicated short PUCCH resource range.
3. Conclusion
Based on the analysis given above, we have the following proposal:
Proposal 1: 
To fully reuse the remaining resources of the short PUCCH area, two methods should be supported.
Method1: The dynamic signalling indicates that the UE PUSCH ending symbols can be the short PUCCH region. UE will rate matching its short PUCCH resource if overlapped. 
Method2: RRC configuration indicates the short PUCCH resource range in the slot, and the PUSCH resource mapped for the UE does not contain resources in indicated short PUCCH resource range.
4. Reference
 [1] 3GPP Chairman's Notes RAN1_87_final.
[2] 3GPP Chairman's Notes RAN1_NRadhoc-1_final.
[3] 3GPP Chairman's Notes RAN1_88bis_final.
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