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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.
Agreements:
The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission
· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols
· FFS: the indicated duration is the number of slots
· FFS: the indicated duration is the numbers of symbols + slots
· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used
· FFS: rate-matching details
· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown
In this contribution, we present our view on multiplexing the UL data channel with the short UL control channel for NR.
2. Multiplexing of PUSCH and short PUCCH
As agreed in the RAN1#87 meeting [1], NR supports 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. The motivation to allow FDM multiplexing of the UL control channel in short duration with the UL data channel within the same symbol, is to increase resource utilization efficiency. 
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. That is, the remaining resources of these symbols which are not allocated for the short PUCCH can be assigned for the PUSCH instead.
Case1, the PUSCH of UE1 is extended to the first symbol of the short PUCCH region, the end symbol of the PUSCH of UE1 should also be explicitly indicated. However, the PUSCH of UE1 can not 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 the short PUCCH region, the end symbol of the PUSCH of UE2 should also be explicitly indicated. Since the short PUCCH of UE2 and its PUSCH are within the same PRBs and there are no short PUCCHs of other UEs within these PRBs, the PUSCH of UE2 can be extended to the end of the slot. 


[bookmark: _Ref465338141]Figure 1 - Several possible cases are shown as PUSCH being extended to the short PUCCH region
Note: In case1, the short PUCCH of the other UE is allocated in the second symbol of the short PUCCH region, and the PUSCH of UE1 is not extended to the second symbol of the short PUCCH region. If the PUSCH of UE1 is to be extended to the second symbol of the short PUCCH region, it is necessary that the specific PUSCH resources of UE1 in the second symbol of the short PUCCH region should be indicated.
We believe that the case2 should be supported, relatively to case1, case2 can better reuse the remaining resources which are not allocated for the short PUCCH. This enhances the resource efficiency. The rate matching can be considered as the PUSCH of UE2.
There is another problem in case2. In case2, if the short PUCCH carries a semi-static CSI, then the rate match can easily be supported for UE2's PUSCH; If the short PUCCH carries a dynamic HARQ-ACK, FFS whether rate matching or puncturing is supported for the PUSCH of UE2 when its DCI is lost. And also, if a PUSCH is configured to extend to the end of slot n, subsequent, if 1 ~ 2 bits dynamic HARQ-ACK is also configured in slot n, and they use the same PRB. So, they will conflict, FFS, how to resolve this conflict. 
Solution 2:
The method described below also enables the PUSCH to be extended to the end of the slot in order 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 signaling 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. Since then, the problems described in case1 and case2 can also be solved very well.
Obviously, in order to facilitate the description of resources allocated for short PUCCH in the slot, a semi-static short PUCCH resource allocation is required.
Analysis for Solution 1 and 2
In Solution 1, the physical layer signaling is required to indicate the end symbol of the PUSCH. If the PUSCH end symbol is indicated to be extended into the short PUCCH area, the UE checks whether the PUSCH resource contains its own short PUCCH resource. In Solution 1, the short PUCCH can have a high and flexible resource allocation, and the short PUCCH remaining resources can be fully reused.
In Solution 2, RRC signaling 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. In Solution 2, the remaining resources of the short PUCCH may not be fully reused because the resources allocated for the short PUCCH cannot be updated in time, So solution 1 and 2 can also be considered in combination to overcome it.
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. And RAN1 should study how to support long PUSCH being extended to the short PUCCH area. The above two possible solutions can be considered.
Proposal: 
In order to fully reuse the remaining resources of the short PUCCH area, one of the following two options can be supported.
Option1: The dynamic signaling indicates that the UE PUSCH can use the specific resources in the overlapping area of the PUSCH resource assigned to the UE and the short PUCCH resource assigned to the same or different UE.  
Option2: RRC configuration indicates the short PUCCH resource range in the slot, and the PUSCH resource assigned to 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: 
In order to fully reuse the remaining resources of the short PUCCH area, one of the following two options can be supported.
Option1: The dynamic signaling indicates that the UE PUSCH can use the specific resources in the overlapping area of the PUSCH resource assigned to the UE and the short PUCCH resource assigned to the same or different UE.  
Option2: RRC configuration indicates the short PUCCH resource range in the slot, and the PUSCH resource assigned to the UE does not contain resources in indicated short PUCCH resource range.
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