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In 3GPP RAN1 meeting [1] [2] [3], uplink control channel design and HARQ procedure were discussed, and the following was agreed:
Agreements:
· If a UCI transmission on a PUCCH from a UE in a slot using format 2 or 3 or 4 overlaps in time with K configured PUCCH SR resources which are overlapped in time, X bits are used to represent an SR being indicated by the UE where 
· All-zero X represents the absence of an SR. Otherwise, X represents the presence of an SR.
· Note: X bits should be considered when the UCI is encoded irrespective of the SR being present of absent.
· X=ceil(log2(K+1)) where K is the number of configured SR PUCCH IDs (schedulingRequestResourceId) that overlap in time with the UCI transmission on PUCCH in the slot.
· The K IDs are ordered according to an increasing number of the corresponding SR IDs. The index of an ordered configured PUCCH resource ID is obtained from X bits when SR is triggered.
Agreements:
· When AN/SR and CSI PUCCH resources have the same starting symbols, one PUCCH resource is used for transmission of AN/SR and CSI.
· If the UE is configured with more than one PUCCH resource sets, the PUCCH resource set is determined based on the total number of AN/SR and CSI. The PUCCH resource is determined based on ARI.
· FFS on UE assumption on the CSI part 2 is present
· FFS if/how to multiplex CSI and AN/SR in case PUCCH format indicated by ARI for AN/SR and CSI is different from the configured PUCCH format for CSI.
· If the UE is configured with only one PUCCH resource set,
· FSS how to determine the PUCCH resource for transmission of UCI
Agreement:
· Clarify that the J>=1 multi-CSI PUCCH resources are configured separately in PUCCH-Config and are not associated with any specific CSI Report Setting, following LTE approach. Each CSI Report Setting further has a dedicated PUCCH resource configured.

In this contribution, different scenarios of partial overlap between PUCCHs including HARQ-ACK and SR, HARQ-ACK/SR and CSI partial overlap are discussed and some solutions are also introduced. At last, a general principle to handle the partial overlap scenario is proposed.
HARQ-ACK and SR(s) partial overlap
The PUCCH resource for HARQ-ACK feedback is determined by the payload size and indicated dynamically by ARI field in DCI, while PUCCH resource for SR transmission is configured by higher layer parameter-SchedulingRequestResourceConfig in [4]. The periodicity of SR transmission could be either 2 or 7 symbols, which is less than duration of one slot. Thus, that would lead to the situation that there are multiple SR occasions during one HARQ-ACK transmission, and for each occasion, it could be positive. For example, as shown in Figure 1, three SR occasions occur during the PUCCH transmission of the HARQ-ACK and two of them at the beginning are positive. These positive SRs, however, even occurring on multiple occasions, are configured with one SR configuration and correspond to the same Resource ID. Therefore, they should be regarded as one positive SR.
Proposal 1: If multiple positive SRs are transmitted at occasions configured with single SR configuration and corresponding to the same resource ID, and partially overlap with the same PUCCH transmission of HARQ-ACK, only one positive SR is considered, for simplicity normally the first positive SR is considered.
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[bookmark: _Ref510202369]Figure 1. Multiple SR with single SR configuration overlap with HARQ-ACK.
On the other hand, multiple SR occasions with different SR configurations could be scheduled during the transmission of HARQ-ACK. According to the agreement that has already been reached, there is only one SR as determined by MAC layer that could be positive and transmitted as shown in Figure 2. 
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[bookmark: _Ref510203623]Figure 2. Multiple SR Occasions with multiple SR configurations overlap with HARQ-ACK.
Therefore, no matter whether multiple SR occasions are scheduled using the same or different resource IDs, with the single or multiple configurations, only one positive SR need to be considered. Therefore, these two overlapping cases could all be considered as one SR partially overlaps with a PUCCH transmission of HARQ-ACK, where the solutions are discussed in the next. 
Case 1: HARQ-ACK with PUCCH format 0 and SR with PUCCH format 0/1
For this case, similar as when HARQ-ACK is configured with PUCCH format 2/3/4, multiplexing HARQ-ACK and SR on the HARQ-ACK resource provides a feasible solution. When HARQ-ACK is configured with PUCCH format 0, different cyclic shift could be used to indicate the presence or absence of the SR, which is similar to fully overlapping case with the same starting and ending symbol. However, one issue is how to indicate which SR is transmitted, if two SR occasions with different resource ID happen to collide with the same HARQ-ACK transmission. One solution is to multiplex the SR on the overlapping symbol of the HARQ-ACK resource. In one example shown in Figure 3(a), as the resource of SR0 overlaps with symbol 0 of the HARQ-ACK resource, the SR0 is multiplexed on the symbol 0. In another example shown in Figure 3(b), as the resource of SR1 overlaps with symbol 1 of the HARQ-ACK resource, the symbol 1 of HARQ-ACK resource is used to convey SR1. Therefore, the gNB could distinguish these two SR based on the symbol it is multiplexed to.  Furthermore, if one SR overlaps with both symbols of the HARQ-ACK resource, like Figure 4, SR could be multiplexed on both of them.
Proposal 2: When the HARQ-ACK resource is configured with PUCCH format 0 and overlaps with SR transmission, SR is multiplexed on the overlapping symbols of the HARQ-ACK resource.
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(a)                                                  (b)
[bookmark: _Ref509950376]Figure 3. Multiple SR occasions with multiple SR configuration partially overlap with HARQ-ACK.
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[bookmark: _Ref510207123]Figure 4. HARQ-ACK resource is contained within SR resource.
Case 2: HARQ-ACK with PUCCH format 1 and SR with PUCCH format 0
For this case, due to HARQ-ACK timing restriction and sequences limitation of the SR resource, it is hard to multiplex HARQ-ACK on the SR resource. In addition, transmitting SR and shortening HARQ-ACK transmission will break OCC of format 1 and impact other UE. Therefore, gNB should avoid the occurring of such case and schedule TDMed resource for SR and HARQ-ACK. If overlapping cannot be avoided, dropping one of them is applied. For example as shown in Figure 5 and Figure 6, SR is dropped.
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[bookmark: _Ref509862739]Figure 5. SR with PF 0 starts before HARQ-ACK with PF 1.
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[bookmark: _Ref509862743]Figure 6.  SR with PF0 starts with or after HARQ-ACK with PF1.
Case 3: HARQ-ACK with PUCCH format 1 and SR with PUCCH format 1
In LTE and the case of full overlap of the SR and HARQ-ACK resource in NR [5], if SR is positive, UE will transmit HARQ-ACK on SR resource. On the other hand, if SR is negative, UE will transmit HARQ-ACK on its own resource. To simplify the design, this solution can be reused for partial overlap case, as shown in Figure 7.  However, one issue to reuse this solution is how to solve the timing restriction of HARQ-ACK. When SR is positive and starts before HARQ-ACK transmission, the HARQ-ACK information may not be available at the moment of SR transmission, due to that UE does not have enough time to generate HARQ-ACK. 
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[bookmark: _Ref509863476]Figure 7. SR with PF1 starts with or after HARQ-ACK with PF1.
Generally speaking, UE should be aware of the status of HARQ-ACK information and decide what specific information to transmit. As shown in Figure 8, at the moment of transmitting positive SR, UE will judge whether the HARQ-ACK information is available or not. If HARQ-ACK is available, UE transmit the corresponding HARQ-ACK information on the SR resource; if the HARQ-ACK information is still under preparation, UE will transmit ‘NACK’ on the SR resource. On the resource of HARQ-ACK, UE will transmit nothing. 
In this way, the gNB may not be able to distinguish the NACK standing for ‘not correct’ or ‘not ready’ if the UE could not have the HARQ-ACK information in time. However, for UE with strong processing power, such ambiguity could be eased if HARQ-ACK information is ready when SR starts to transmit.
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[bookmark: _Ref509864557]Figure 8. Mechanism to transmit positive SR and HARQ-ACK both with PF1.

Proposal 3: If both SR and HARQ-ACK are configured with PUCCH format 1, using different resource to indicate positive/negative SR:
· If  SR is positive, the HARQ-ACK is transmitted on the SR resource and nothing is transmitted on the HARQ-ACK resource;
· If UE has not known the HARQ-ACK information when SR starts to transmit, NACK is transmitted on the SR resource. 
· If SR is negative, the HARQ-ACK is transmitted on the HARQ-ACK resource.
HARQ-ACK/SR and CSI partial overlap
More than one CSI report corresponding to different CSI settings may occur in one slot, and these reports could overlap with each other or overlap with the HARQ-ACK transmission. To simplify the discussion, one mechanism should be considered to address the issue of overlapping in time. 
Multiple CSI reports might partially overlap with each other and meanwhile overlap with HARQ-ACK transmission. If multi PUCCH resource, as described in agreements, is configured by the gNB, UE could choose one appropriate PUCCH resource to convey all CSI reports. If multi PUCCH resources are not available or the PUCCH resource is not large enough to convey all of CSI reports, UE can  drop one or more CSI reports based on the priority described in [5] until remaining CSI report(s) could be carried by the PUCCH resource. On the other hand, when multiple CSI reports all partially overlap with the same HARQ-ACK but they are not overlapping with each other in time, UE could follow the similar mechanism to determine which CSI(s) reports could be transmitted. 
Therefore, no matter whether different CSI reports are overlapping with each other or all overlapping with the HARQ-ACK/SR in common, only one PUCCH resource for CSI will be determined by the UE, and the overlapping issue will be confined between this CSI resource and the resource of HARQ-ACK transmission.
HARQ-ACK and CSI partial overlap
Case 1: HARQ-ACK aligned with CSI PUCCH resources  
In RAN1 #92 meeting, it was agreed that when HARQ-ACK resource has the same starting symbol as the  CSI report resource, a PUCCH resource could be selected to transmit both HARQ-ACK and CSI from one set of PUCCH based on the  total payload size of HARQ-ACK and CSI and is indicated by ARI in this set. 
However, the question is that when CSI part2 is present, how to reach a common understanding of payload size between gNB and UE. One feasible method is gNB will assume a reference payload as the CSI part2 payload and allocates the resource for UE based on the total number of HARQ-ACK, CSI part1 and the reference.  One way to calculate the reference payload is supposing rank equals to 1, but the payload decided in this way may be not the maximum payload for all situations. Thus, the resource configured based on this payload may be not always large enough to convey all CSI reports. If so, some of the part2 have to be dropped. Another way is assuming the maximum payload of CSI part2 as the reference. The gNB will find a rank based on the CSI-RS configuration and using this rank, gNB could calculate and obtain the maximum payload. Therefore, the resource determined by this reference payload is large enough to convey both part of CSI.
Another issue in deciding the PUCCH resource of CSI and HARQ-ACK is how to jointly encoding if newly decided resource format is different from the original one. Because for PUCCH format 2, HARQ-ACK and CSI (both part1 and part2) are encoded together, but for PUCCH format 3/4, HARQ-ACK is encoded with CSI part1 and CSI part2 is encoded separately. So a general solution for this issue is up to the new resource format and jointly encoding as the format required. This is because if UE still reuse the original way to encode will result in the ambiguity between UE and gNB.
At last, for the case that there is only one resource set configured for the UE, gNB may be not possible to indicate a feasible resource to transmit both HARQ-ACK and CSI reports. So in this case, CSI can be dropped.
Case 2: HARQ-ACK not aligned with CSI PUCCH resources  
As shown in Figure 9, HARQ-ACK and CSI do not start at the same symbol. A dynamic resource could be also determined for both CSI report and HARQ-ACK.
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[bookmark: _Ref510106007][bookmark: _Ref510106003]Figure 9. AN and CSI are not aligned
Proposal 4: For the case of HARQ-ACK and CSI are not aligned in time, same solution for aligned case is used.
HARQ-ACK, SR and CSI partial overlap
Generally, it is very possible that the resource of HARQ-ACK, SR and CSI are scheduled in same slot and overlap with each other. One way to solve this issue is to consider the overlapping between PUCCHs one by one. For example, based on the discussion and solution, the overlapping between SR and HARQ-ACK is resolved and one PUCCH is selected. Then this PUCCH overlaps with the resource of CSI, new resource(s) will be decided. However, the resource for SR and HARQ-ACK may vary with SR is positive or negative, and could not convey CSI reports if PUCCH format 0/1 is scheduled. To unify the design, an alternative way could be to determine a resource set according to the total payload of CSI, HARQ-ACK and SR bits and then indicate one from the set using ARI. For example, the set may contain PUCCH resource with long PUCCH formats, such as format 3 and 4 whose duration is long enough or with enough PRB in frequency. Then all the PUCCHs overlap with this long PUCCH could be multiplexed on this long PUCCH resource. The priority could be given to multiplex HARQ-ACK and SR first. For CSI, CSI part1 could be transmitted while if needed, CSI part 2 could be fully or partially dropped. 
Shown in Figure 10, HARQ-ACK, SR and CSI occur in one slot and their resources are partially overlapped together. Shown in Figure 11, two PUCCHs have no overlapping each other but partially overlap with the third one in common. One possible way for this case is multiplex two PUCCHs together and separate with the third PUCCH in time. But the problem is that it is hard to find a common rule or order to multiplex first two PUCCHs.
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[bookmark: _Ref510108138]Figure 10. HARQ-ACK, SR and CSI overlaps together.
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(a)            								(b)
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 (c)
[bookmark: _Ref510109048]Figure 11. Two of PUCCHs are partial overlap.
Regardless of the different overlapping scenarios, a general solution can be proposed as following:
Proposal 5: When HARQ-ACK, SR and CSI are overlapping together, one PUCCH resource can be used to transmit all of them. The PUCCH resource is indicated by ARI from a resource set and the resource set is determined by the total number of HARQ-ACK, SR and CSI.

SR overlaps with multiple slots PUCCH transmission of HARQ-ACK
In the last meeting, it is agreed that if “a UCI transmission on a PUCCH from a UE in a slot using format 2 or 3 or 4 overlaps in time with K configured PUCCH SR resources which are overlapped in time, X bits are used to represent an SR being indicated by the UE”. This agreement does not has any restriction on the overlapping cases and hence can apply to the partially overlapping case. 
Moreover, HARQ-ACK in long PUCCH may be transmitted in a slot-aggregation manner. That is, for PUCCH for HARQ-ACK with format 3/4, the HARQ-ACK may be repeated in multiple slots. In such a case, if a single-slot PUCCH bearing SR overlaps with this multi-slot PUCCH bearing HARQ-ACK, then following the agreement above, SR and HARQ-ACK should be jointly encoded and transmitted in the HARQ-ACK resource. Nevertheless, the selected PUCCH resource for AN and SR can be either the AN PUCCH within the overlapping slot or the whole AN PUCCHs in all transmission slots, as shown in Figure 12(a) and (b) respectively. The former is easy to implement but is unbeneficial to the PUCCH combining. As shown in Figure 12(a), the information bits delivered on PUCCH in the overlapping slot is different from the information bits on PUCCHs in other slots, and hence joint decoding is unfeasible. This will not only degrade the HARQ-ACK reliability (since only three PUCCHs can be combined) but also the SR reliability (since SR is only transmitted in one PUCCH) resource.
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[bookmark: _Ref510448572]Figure 12. SR with PF0/1 collides with multi-slot HARQ-ACK with PF3/4.
By contrast, the latter solution is more robust for the HARQ-ACK and SR transmission since the information bits on all PUCCHs remain the same. Note that this method requires UE to determine the SR state at the beginning of the first HARQ-ACK PUCCH, and will set the SR state in later transmission occasion as negative if the corresponding SR is not delivered timely. This unavoidably may miss some later coming positive SR. Nevertheless, this problem also exists in the former solution in which SR is only transmitted on PUCCH within the overlapping slot. That is, when PUCCH for HARQ-ACK comes first while SR occasion comes later, UE needs to determine the SR state at the beginning of HARQ-ACK PUCCH. Moreover, as mentioned above, the former solution would degrade the SR reliability while the latter can guarantee this through PUCCH combining. Hence, the latter solution should be adopted.
Proposal 6: If AN with PUCCH F3/F4 is transmitted in multiple slots and collides with SR with PUCCH format F1/F0 transmitted in a single slot
· The PUCCH resource for transmission of AN/SR is the AN PUCCH resource in multiple slots, i.e., 1 bit for SR state is added to the end of HARQ-ACK and jointly transmitted on all PUCCH resources.
Conclusion
Based on above discussions, the following proposals are given: 
Proposal 1: If multiple positive SRs are transmitted at occasions configured with single SR configuration and corresponding to the same resource ID, and partially overlap with the same PUCCH transmission of HARQ-ACK, only one positive SR is considered, for simplicity normally the first positive SR is considered.
Proposal 2: When the HARQ-ACK resource is configured with PUCCH format 0 and overlaps with SR transmission, SR is multiplexed on the overlapping symbols of the HARQ-ACK resource.
Proposal 3: If both SR and HARQ-ACK are configured with PUCCH format 1, using different resource to indicate positive/negative SR:
· If  SR is positive, the HARQ-ACK is transmitted on the SR resource and nothing is transmitted on the HARQ-ACK resource;
· If UE has not known the HARQ-ACK information when SR starts to transmit, NACK is transmitted on the SR resource. 
· If SR is negative, the HARQ-ACK is transmitted on the HARQ-ACK resource.
Proposal 4: For the case of HARQ-ACK and CSI are not aligned in time, same solution for aligned case is used.
Proposal 5: When HARQ-ACK, SR and CSI are overlapping together, one PUCCH resource can be used to transmit all of them. The PUCCH resource is indicated by ARI from a resource set and the resource set is determined by the total number of HARQ-ACK, SR and CSI.
Proposal 6: If AN with PUCCH F3/F4 is transmitted in multiple slots and collides with SR with PUCCH format F1/F0 transmitted in a single slot
· The PUCCH resource for transmission of AN/SR is the AN PUCCH resource in multiple slots, i.e., 1 bit for SR state is added to the end of HARQ-ACK and jointly transmitted on all PUCCH resources.
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