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In 3GPP RAN1 #91 and Ad-Hoc meeting [1] [2], uplink control channel design and HARQ procedure were discussed, and the following was agreed:
Agreements:
· When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits to form the UCI bits.
· FFS: How to distinguish which SR configuration is prioritized for transmission in case of multiple SR configurations in the same occasion.
· Note: when two transmissions coincide, it means they have same starting symbol and duration.
· FFS when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time
Agreements:
· If a UCI transmission on a PUCCH form a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, X bits are used to represent a SR being indicated by the UE and appended to the end of HARQ-ACK followed by CSI.
· Note: X is used to indicate both the presence and absence of SR and which of the K configured SR is embedded.
· FFS: X=ceil(log2(K+1))
· FFS PUCCH formats 0 & 1
Agreement:
· Support configuring the UE with J>=1 PUCCH resource configuration per UL BWP candidate used for carrying multiple CSI reports (associated with a PUCCH resource config (Format 2/3/4 and its Maximum Code rate))
· In case the PUCCH resources for two or more PUCCH-based CSI reports collide (at least partially overlap in time), the colliding CSI reports with the highest priorities are carried in a multi-CSI PUCCH resource and remaining CSI reports are dropped
· The number of included CSI reports is determined by the configured maximum code rate of the multi-CSI PUCCH resource 
· This applies to CSI only transmission on PUCCH, i.e. not multiplexed with HARQ-ACK
· The PUCCH resource for carrying multiple CSI reports does not need to be configured to a UE
· FFS if periodicity of multi-CSI resource needs to be defined
· FFS value of J
· Exact mechanism TBD in RAN1#92

In this contribution, different scenarios of partial overlap of PUCCH resources for SR and HARQ-ACK are discussed, and some general solutions are proposed. Furthermore, the situation of partial overlap of PUCCHs containing HARQ-AN/SR and CSI are also discussed.
Multiplexing of SR and HARQ-ACK 
In 3GPP RAN1 Ad-Hoc meeting [1], different scenarios for SR and HARQ-ACK partial overlap in time are discussed in [3]. Some proposed solutions are summarized in Table 1 in Appendix. Due to the fact that there exist various scenarios of partial overlap, different solutions could be considered for each of them. However, from product perspective especially from UE side, it is desirable to have some simple and more general solutions.
Differences between full and partial overlap are attributed to distinguished starting symbols or varied duration. If either the starting symbol or duration are not the same, HARQ-ACK and SR PUCCH are considered as partial overlap. Two scenarios can be summarized: one is fully contained case as shown in Figure 1 in which one PUCCH resource is fully contained within the duration of the other PUCCH resource. The other one, as shown in Figure 2, is neither of the PUCCH resources is fully contained within the duration of the other PUCCH resource. These two scenarios may adopt different solutions due to UE processing time capability, latency or capability for multiplexing multiple UEs.
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[bookmark: _Ref506221515]Figure 1. SR is fully contained within the duration of the HARQ-ACK resource.
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[bookmark: _Ref506221667][bookmark: _Ref506231513]Figure 2. SR starts before HARQ-ACK and is not fully contained.

Fully Contained Scenario
For example, as shown in Figure 1, SR is fully contained within the duration of the HARQ-ACK resource. Similar to full overlap scenario, multiplexing SR and HARQ-ACK on the resource of HARQ-ACK is a reasonable solution. Specifically, when HARQ-ACK is scheduled with PUCCH format 2/3/4, using 1 bit appended to the end of HARQ-ACK to indicate the state of SR is a straightforward solution. Moreover, when the HARQ-ACK PUCCH resource is using format 0/1, distinct cyclic shift is used to represent SR state. A problem of this solution is multiplexing may introduce extra latency for SR transmission, if their ending symbols are not the same. As shown in Figure 1, when SR and HARQ-ACK are jointly encoded on the HARQ-ACK resource, the gNB needs to receive all of the HARQ-ACK OFDM symbols, decode all the information bits correctly before knowing whether UE requests the uplink resource or not, which may cause extra delay. For some latency sensitive services, for example URLLC, such SR latency and consequently delay on uplink resource allocation are not acceptable.
One alternative to avoid such additional SR latency is puncturing the short PUCCH into overlapping symbols on long PUCCH in case of a positive SR.  If that is the case, neither the timing of SR or HARQ-ACK is changed nor extra SR latency is introduced. However, if the overlapping symbols happen to contain DM-RS symbols of long PUCCH which then are punctured, the channel estimation for long PUCCH will be severely impacted. Furthermore, if the long PUCCH is punctured, the original OCC structure in it could not be maintained and the gNB is hard to decode correct UCI information for other UEs.
Another alternative is dropping SR. However, it seems not as preferred as multiplexing because dropping SR may result in a larger delay as gNB will wait till next SR monitoring instance. Besides these alternatives, it is also referred in [3] to use the similar mechanism as in LTE, namely channel selection, when both SR and HARQ-ACK are using PUCCH format 1. While, due to the limitation of UE processing time capability, the SR resource is not always available for HARQ-ACK transmission especially when the SR has longer duration and starts before HARQ-ACK.
Besides SR partially overlapping with HARQ-ACK in a single slot, HARQ-ACK in long PUCCH may be transmitted in a slot-aggregation manner. That is, for PUCCH carrying 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, the selected PUCCH resource for HARQ-ACK and SR can be either the HARQ-ACK PUCCH within the overlapping slot or the whole HARQ-ACK PUCCH resources in all transmission slots, as shown in Figure 3(a) and (b) respectively. The former is easy to implement but is not beneficial to the PUCCH combining. As shown in Figure 3(a), the information bits delivered on PUCCH in the overlapping slot are different from the information bits on PUCCHs in other slots, and hence combining is not that straightforward. 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).

[image: ]
[bookmark: _Ref506135134]Figure 3. Multi-slot PUCCH for AN collides with a single-slot PUCCH for SR.
In 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 1: If HARQ-ACK 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 HARQ-ACK/SR is the HARQ-ACK 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.
Not Fully Contained Scenario
This scenario is a little different from scenario 1. As an instance illustrated in Figure 2, SR starts before HARQ-ACK. Because SR can be configured with PUCCH format 0 and PUCCH format 1, different solutions are adopted depending on formats.
SR using PUCCH format 0
In this case, SR is configured with 2-symbol PUCCH format 0 resource, and one symbol overlaps with the HARQ-ACK resource. As usual, multiplexing is feasible way to transmit them together. However there exist similar concern as raised in section 2.1,that is SR latency becomes more serious in this case because SR starts before the HARQ-ACK and long duration PUCCH may be used for HARQ-ACK. As format 0 with two symbol could convey same information on both symbols, missing one of the symbols may not influence the gNB to decode all the information. Therefore, an enhancement for this case could be the SR information is only transmitted on the non-overlap symbol. As shown in Figure 2, symbol #1 is dropped and only symbol #0 is transmitted. By doing this, both timing for  SR and HARQ-ACK are maintained with the price  that the SR coverage is slightly impacted.
Proposal 2: When two symbols SR partially overlap with HARQ-ACK and neither of them is fully contained within the time duration of the other resource, SR is transmitted only on non-overlap symbol.
SR using PUCCH format 1
Due to the property of PUCCH format 1, the number of OFDM symbols variation will influence the length of OCC. Consequently, OCC length change will result in gNB cannot distinguish information from different UEs. Therefore, using the same method to drop the overlapping symbols seems unreasonable. One way is still keeping them multiplexing on the HARQ-ACK resource, and the other way is dropping one of them, and it is up to specific services and priority. 
Therefore, based on the discussion of Section 2.1 and 2.2, a general solution for both fully contained scenario and not fully contained scenario is proposed as following:
Proposal 3: For SR partially overlapping with HARQ-ACK, following options can be considered:
· Multiplex SR and HARQ-ACK on the resource of HARQ-ACK if processing time permits.
· Otherwise, drop SR at least on overlapping symbols.
Multiplexing of HARQ-AN/SR and CSI
In current spec [TS 38.213, section 9.2.5], when the AN/SR PUCCH and a PUCCH-based CSI fully overlap, the mechanism to handle the collision is to multiplex them into a re-selected AN PUCCH, based on the ARI indication and the combined payload of CSI and AN/SR, if the ACK corresponds to a PDSCH with a scheduling DCI.
Due to the flexible design of time-frequency resource configuration of PUCCH in NR, there are also cases where the HARQ-ACK/SR PUCCH and the CSI PUCCH partially overlap. In these cases, always dropping CSI will definitely result in performance loss especially when the CSI carries beam-related information. Thus, multiplexing CSI and HARQ-ACK /SR in one PUCCH resource was proposed, but the procedure to determine the PUCCH resource is not yet concluded.
One option is to reuse the procedure for the fully overlapped case, i.e., multiplexing them into one re-selected AN rsource. However, several impacts may be introduced to the AN/SR transmission. For example, extra delay for AN/SR feedback from the re-selected resource, and/or reliability issue if the max-code-rate is too aggreesive. Thus, always multiplexing CSI and AN/SR may not be the best sollution.
Observation 1: When HARQ-ACK /SR PUCCH and one PUCCH-based CSI partially overlaps in one slot, current collision mechanism cannot guarantee HARQ-ACK /SR transmission performance and delay requirement.
In addition, cases where more than one CSI reports and HARQ-ACK /SR need to be reported should also be considered. For example, as shown in Figure 2, two PUCCH based CSI reports and one HARQ-ACK /SR need to be reported in the same slot. CSI report 1 PUCCH collides with the HARQ-ACK /SR PUCCH, and also the CSI report 2 PUCCH, but the two CSI reports PUCCH are TDMed. In this case, resource determination procedure can be very complicated. Here we list two procedures for example: 
Procedure 1: UE first tries to find a HARQ-ACK resource according to mechanism for the fully overlapped case, to carry HARQ-ACK /SR and CSI report 1. If this new AN PUCCH does not collide with the CSI report 2 PUCCH, then UE transmits the CSI report 2 PUCCH and the new HARQ-ACK PUCCH. Otherwise, UE try to find a HARQ-ACK resource to carry HARQ-ACK/SR and CSI report 2 which does not collides CSI report 1 PUCCH. If such a resource cannot be found, UE either find a HARQ-ACK resource to carry HARQ-ACK/SR and the two CSI reports, or UE just drops the two CSI reports (which is not preferred as analyzed above).
Procedure 1 is very complicated since UE may need to re-select resource for several times. Thus, it is not preferred.
Procedure 2: UE first tries to find a multi-CSI PUCCH from the RRC configured J multi-CSI PUCCH resources to carry CSI report 1 and CSI report 2. This multi-CSI PUCCH has the minimum number of RBs to carry the CSI reports without exceeding the max code rate. If this PUCCH is TDMed with the HARQ-ACK /SR PUCCH, then UE transmits the HARQ-ACK/SR PUCCH and the multi-CSI PUCCH. Otherwise, a HARQ-ACK resource is selected to carry HARQ-ACK/SR and one or two CSI reports.
Procedure 2 is also complicated, and cannot avoid the impacts on HARQ-ACK/SR mentioned above when multiplexing HARQ-ACK /SR and CSI together.
Observation 2: When HARQ-ACK/SR PUCCH and more than one PUCCH-based CSI occurs in one slot, current collision mechanism is very complicated and cannot guarantee HARQ-ACK/SR performance.
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[bookmark: _Ref505966776]Figure 4. AN/SR and two CSI need to be reported in one slot
                      
To guarantee the HARQ-ACK/SR performance, and also to provide a unified solution for HARQ-ACK/SR colliding/occurs with one/more than one CSI reports, we provide the following alternative for consideration:
Proposed procedure: gNB configures  multi-CSI PUCCH resources by higher-layer signaling similar to the scheme designed for multiple CSI collision. When a AN/SR PUCCH collides with a CSI report PUCCH, or when AN/SR PUCCH and more than one CSI report PUCCH occur in one slot, UE selects one multi-CSI PUCCH resource from the J resources that satisfies that:
1) TDMed with the AN/SR PUCCH,
2) Occupies the minimum number of REs and can carry the CSI reports with a code rate not exceeding the configured max code rate.
	If such a multi-CSI PUCCH exists, then UE transmit this PUCCH to carry the CSI, and transmits the HARQ-ACK/SR PUCCH in the same slot. If such a multi-CSI PUCCH does not exist, then UE finds a HARQ-ACK PUCCH resource for CSI and AN/SR multiplexing.
By prioritizing the multi-CSI PUCCH that is TDMed with the AN/SR PUCCH, instead of prioritizing the multi-CSI PUCCH that can carry the CSI reports with minimum RE, the proposed procedure can avoid the impact from CSI and HARQ-ACK/SR multiplexing on the AN/SR transmission as much as possible. This proposed procedure applies to HARQ-ACK/SR colliding with multiple CSI reports, as well as colliding with one CSI report.
Proposal 4: For AN/SR partially overlapping with PUCCH based P-CSI or SP-CSI:
· Multiplex CSI in a multi-CSI PUCCH that satisfies the following and transmit AN/SR PUCCH and CSI PUCCH separately. 
· TDMed with the AN/SR PUCCH, and;
· Occupies the minimum number of RBs and can carry the CSI with a code rate not exceeding the configured maximum code rate.
· Otherwise, multiplex AN/SR and CSI on an AN PUCCH, if the above multi-CSI PUCCH cannot be found.
Handling of CSI collision
In the last meeting [1], the third agreement in the Introduction was achieved to handle the multiple CSI collision, where the collision means the CSI PUCCH resources share at least one OFDM symbol. However, the case where two TDMed long PUCCH resources shows up in one slot should also be considered, since two long PUCCH transmission in one slot is not supported currently. Besides, the spec should also consider the scheme to handle the cases where more than two CSI PUCCHs occur in the same slot.
One option is to reuse the mechanism in the agreement, that the two CSI are carried by one multi-CSI PUCCH resource. However, if the two long PUCCH resource occupy a larger number of RBs or OFDM symbols, this scheme will result in a waste of two large PUCCH resources, which is very inefficient. For the case that more than two, e.g., three, CSI PUCCHs occur, this scheme will result in a waste of three PUCCH resources.
Thus, from the perspective of efficient usage of PUCCH resources, an alternative similar to the Proposed Procedure in Section 3 is proposed: UE transmits one CSI report (e.g., the CSI report with the maximum payload size) using the originally configured PUCCH, and finds a multi-CSI PUCCH to carry other CSI reports from the J resources, satisfying that the multi-CSI PUCCH is TDMed with the former one, and at most one long PUCCH shows up. If such a PUCCH can be found, then UE transmit these two PUCCH in TDM manner, and only one PUCCH resource is wasted. If such a PUCCH cannot be found, then UE use the mechanism to find a multi-CSI PUCCH to carry the two CSI reports.
Proposal 5: For the cases where more than one long PUCCH-based CSI reports, or more than two PUCCH-based CSI reports need to be transmitted in one slot, UE transmits one CSI report using the original, and transmit the other CSI using a multi-CSI PUCCH that is TDMed with the former long PUCCH.
Conclusion
Based on above discussions, the following observation and proposal are given. 
Observation 1: When HARQ-ACK /SR PUCCH and one PUCCH-based CSI partially overlaps in one slot, current collision mechanism cannot guarantee HARQ-ACK /SR transmission performance and delay requirement.
Observation 2: When HARQ-ACK/SR PUCCH and more than one PUCCH-based CSI occurs in one slot, current collision mechanism is very complicated and cannot guarantee HARQ-ACK/SR performance.
Proposal 1: If HARQ-ACK 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 HARQ-ACK/SR is the HARQ-ACK 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.

Proposal 2: When two symbols SR partially overlap with HARQ-ACK and neither of them is fully contained within the time duration of the other resource, SR is transmitted only on non-overlap symbol.

Proposal 3: For SR partially overlapping with HARQ-ACK, following options can be considered:
· Multiplex SR and HARQ-ACK on the resource of HARQ-ACK if  processing time permits.
· Otherwise, drop SR at least on  overlapping symbols.
Proposal 4: For AN/SR partially overlapping with PUCCH based P-CSI or SP-CSI:
· Multiplex CSI in a multi-CSI PUCCH that satisfies the following and transmit AN/SR PUCCH and CSI PUCCH separately: 
· TDMed with the AN/SR PUCCH, and;
· Occupies the minimum number of RBs and can carry the CSI with a code rate not exceeding the configured maximum code rate.
· Otherwise, multiplex AN/SR and CSI on an AN PUCCH, if the above multi-CSI PUCCH cannot be found.
Proposal 5: For the cases where more than one long PUCCH-based CSI reports, or more than two PUCCH-based CSI reports need to be transmitted in one slot, UE transmits one CSI report using the original, and transmit the other CSI using a multi-CSI PUCCH that is TDMed with the former long PUCCH.
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	SR configured with
PUCCH format 0
	SR configured with
PUCCH format 1

	HARQ-ACK configured with PUCCH format 0
	Alt 1: The PUCCH resource for transmission of AN/SR is the AN PUCCH resource. If SR is negative, the CS of A/N is used. If SR is positive, the CS of AN incremented by one is used.
Alt 2: Same as Alt 1.
Alt 3: Same as Alt 1.
Alt 4: If both AN and SR are long PUCCH or both are short, similar to Alt 1. Otherwise, Both AN PUCCH resource and SR PUCCH resource are transmitted while the long PUCCH resource  is punctured with the short PUCCH transmission on the overlapping symbols in case of positive SR.
Alt 5: Same as Alt 1.

	HARQ-ACK  configured with PUCCH format 1
	Alt 1: Drop SR and transmit only AN.
Alt 2: The PUCCH resource for transmission of AN/SR is the AN PUCCH resource. If SR is negative, the CS of A/N is used for all symbols. If SR is positive, for the overlapping symbols, the CS of AN of the UCI/DMRS is incremented by one.
Alt 3: Same as Alt 1.
Alt 4: Both AN PUCCH resource and SR PUCCH resource are transmitted while the long PUCCH resource is punctured with the short PUCCH transmission on the overlapping symbols.
Alt 5: If F0 with one symbol or F0 fully overlapping with AN, similar to Alt1. Otherwise the AN PUCCH resource is transmitted and SR PUCCH resource is transmitted only on the non-overlap symbol.
	Alt 1: Same as in LTE if SR and AN have same starting and ending points. Otherwise drop SR.
Alt 2: Same as LTE if UE processing time for AN is guaranteed. Otherwise drop SR.
Alt 3: Same as Alt 1.
Alt 4: Same as LTE if AN starts before or same time as SR. Otherwise drop SR.
Alt 5: Same as Alt 1.

	HARQ-ACK  configured with PUCCH format 2/3/4
	Alt 1: The PUCCH resource for transmission of AN/SR is the AN PUCCH resource. 1 bit is appended to AN for SR (0 if SR negative, 1 if SR positive).
Alt 2: Same as Alt 1.
Alt 3: Same as Alt 1.
Alt 4: If both AN and SR are long PUCCH or both are short, similar to Alt 1. Otherwise, Both AN PUCCH resource and SR PUCCH resource are transmitted while the long PUCCH resource  is punctured with the short PUCCH transmission on the overlapping symbols in case of positive SR.
Alt 5: If SR is F1 or F0 with one symbol or F0 fully overlapping with AN, similar to Alt1. Otherwise the AN PUCCH resource is transmitted and SR PUCCH resource is transmitted only on the non-overlap symbol.
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