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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
After 3GPP RAN1#92bis meeting, the specification for NR has been updated according to the meeting agreements which improve the quality of the specifications and reduce the errors. But in the specification, some FFS issues still remains. To complete the specification and further improve its quality, this contribution provides a summary on remaining issues for PUCCH structure in long-duration.
[bookmark: _Ref129681832]Remaining Issues 
CGS ordering for NR
In NR, base sequences with different lengths are divided into 30 groups. In order to reduce inter-cell interference, the cross-correlation of sequences with different lengths from different groups should be minimized. However, after introducing new sets of CGS in NR to reduce the PAPR, ordering (grouping) is not done to achieve the abovementioned purpose. The consequences would be that even though PAPR within each cell is reduced compared to LTE, the inter-cell interference could still be high due to the lack of necessary ordering (grouping). To reduce the inter-cell interference, correction is needed to re-order length-12, length-18 and length-24 CGSs, of which details and text proposals can be found in [1]. It should be emphasized that such re-ordering (grouping) only change the indices of sequences in each group, it does not introduce any new CGS. 
Proposal 1: Re-ordering of CGS for DFT-s-OFDM with different lengths should be considered jointly. Support the ordering in Table 4-Table 6 of [1] (R1-1807307) for length-12, length-18 and length-24CGS.

Multiplexing of PUCCH transmission
Overlap for single slot transmission
In 3GPP RAN1 meeting [2], multiplexing of SR and HARQ-ACK on PUCCH is discussed, and the following was agreed:
Proposals:
· Select one of the following two alternatives:
· Alt 1: If a HARQ-ACK transmission from a UE using PUCCH format 1 determined by ARI overlaps with K SR occasions each using PUCCH format 1, in case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource. In case of positive SR, the HARQ-ACK is transmitted on the SR resource corresponding to the positive SR.
· Supportive companies: Nokia, E//, CATT, LG, DCM, HW, Vivo, Panasonic, DCM
· Alt 2: PUCCH format 2 or 3 or 4 is used to carry L = 1 or 2 bits HARQ-ACK and K > 1 SR.  That implies when a UE has K SRs configured in a same time position, 
· For 1 or 2 bits HARQ-ACK, if K=0 or 1, ARI field in DCI indicates PUCCH format 0 or 1; otherwise, ARI field in DCI indicates PUCCH format 2 or 3 or 4.
· Supportive companies: Samsung, ZTE
Discuss till next meeting

Proposals
· When HARQ-ACK/SR PUCCH resource determined by ARI and configured CSI PUCCH resources have the same starting symbols in a slot, if the UE is configured with only one PUCCH resource set and simultaneous transmission of HARQ-ACK/SR and CSI is enabled, select from one of the following alternatives:
· Alt 1: The UE is not expected to transmit the corresponding HARQ-ACK/SR and the CSI report in a PUCCH resource in that slot.
· Supportive companies:  E//, Intel, OPPO, QC, HW, Samsung, Panasonic
· Alt 2: HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI
· Supportive companies:  Nokia, MTK, Lenovo, Motorola, ZTE, CATT, DCM
· Alt 3: HARQ-ACK/SR is transmitted on the HARQ-ACK/SR PUCCH resource and CSI reporting is dropped in that slot.
· Supportive companies: LG, Vivo
Discuss further till next meeting
Working assumption:
· When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,
· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if both following conditions are satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n
· If at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified. 
· The definition of N1 and N2 follows the same definition in current NR spec. 
· X and Y are non-negative integer values.
· FFS on values of X and Y 
· FFS on timeline requirement for multiplexing UCIs on PUSCH with A-CSI. 
· FFS how to handle one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.
· FFS: how to handle HARQ-ACK for semi-static PDSCH.
· FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.
· FFS: how to handle semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH.
· Note: The above proposal does not override the dropping rules defined for ACK/SR colliding with A-CSI-only on PUSCH without UL-SCH, or ACK/SR colliding with SP-CSI on PUSCH without UL-SCH. 
· Note: Consider how to handle PUCCH colliding with other UL channels in NR Rel. 15 June drop when URLLC is taking into account.

Based on the agreements, when different PUCCH/PUSCH transmissions are partially overlapped in time, some mechanisms of multiplexing is FFS. In the contribution [3], the potential multiplexing mechanisms will be discussed, including partial overlap between PUCCHs and between PUSCH & PUCCH. In addition, the timeline to determine whether two channels can be multiplexed has been discussed.
Proposal 2: When HARQ-ACK and K SR transmission all using PUCCH format 1 overlap with each other, if all SRs are negative, HARQ-ACK is transmitted on the HARQ-ACK resource; if the selected SR is positive, HARQ-ACK is transmitted on that SR resource
Proposal 3: 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 4: The UE is not expected to transmit the corresponding HARQ-ACK/SR and the CSI report in a PUCCH resource in that slot.
Proposal 5: For PUCCH resources for HARQ-ACK, SR and periodic CSI in a slot, two of resources overlap with the third one simultaneously:
· If both N1+X and N2+Y are satisfied, 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.
· Otherwise, UE behaviours are not specified.
 Proposal 6: For multiplexing PUCCH and PUCCH/PUSCH, X, Y values are taken as following:
· For FR1, X=Y=1 OFDM Symbol;
· For FR2, X=Y=3 OFDM Symbols. 
Proposal 7: The work assumption are also applicable for overlapping between grant-free PUSCH and PUCCH.
Proposal 8: If both timeline N1+X and Ztotal = Z + Y’ are satisfied, multiplexing A-CSI with UL-SCH and HARQ-ACK, 
· For FR1, X=1 OFDM Symbol, Y’=4  OFDM Symbols
· For FR2, X=3 OFDM Symbols, Y’=6 OFDM Symbols
· Dropping A-CSI if it is conveyed by PUSCH without UL-SCH.

Overlap for multiple slots transmissions of PUCCH/PUSCH
· PUCCH overlapping with PUSCH
In 3GPP RAN1 #92 meeting [4], multiplexing of SR and HARQ-ACK on PUCCH is discussed, and the following was agreed:
Agreements:
· When a single slot PUCCH overlap with a single slot PUSCH with the same starting symbol and with different ending symbols, PUCCH is not transmitted and UCI is piggybacked on PUSCH using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH. 
· FFS: overlap for multiple slot transmissions.
Agreements:
· In case a single slot PUCCH overlap with a multi-slot PUSCH transmission 
· If the starting symbol of PUCCH and PUSCH are aligned in a slot, piggyback UCI on PUSCH in that slot using the same multiplexing rules defined in 38.212 for fully overlapped PUCCH and PUSCH and drop PUCCH transmission 
In this section, we will discuss partial overlap between PUCCH and PUCCH/PUSCH for multiple slot transmissions. In general, if number of coded bits is not changed, both of LDPC code and Polar code can support the merging of soft bits, which can make the system obtain the combination gain from multiple slot transmission. If the number of coded bits is changed, the consequences could be different. Based on the characteristic of LDPC code which is used for PUSCH in NR, variation of number of coded bits will not affect the combination of soft bits. But for Polar code which is used for PUCCH in NR, if number of coded bits is changed, mother code may be changed accordingly, and therefore will make the combination of soft bits not feasible.
By the previous analysis, we can classify the overlapped cases of PUCCH/PUSCH into two cases as in the following, and provides the solutions for each of them.
1) Case 1, single slot PUSCH overlaps with multiple slot PUCCH, as shown in Figure 1;
2) Case 2, multiple slot PUCCH overlaps with multiple slot PUSCH, as shown in Figure 2

        1-(a) single PUCCH w/ multiple slot PUSCH         1-(b) Single PUSCH w/ multiple slot PUCCH
[bookmark: _Ref513141371]Figure 1. A single slot PUCCH/PUSCH overlaps with multiple slot PUSCH/PUCCH
For the case 1-(a), as agreed in the previous meeting, if the single slot PUCCH has the same starting symbol of PUSCH, UCI will be piggyback on PUSCH. If the starting symbol is not aligned, single slot partial overlapping multiplexing criteria could be used, namely, to check if two timeline condition can be satisfied or not for multiplexing.  If both timeline conditions are satisfied, the PUCCH could be multiplexed with either of the PUSCH slots, otherwise, either PUCCH is dropped or UE behavior is not specified.   
For the case 1-(b), as shown in Figure 1-(b), if the UCI on the third PUCCH is piggyback on single slot PUSCH, UCI can only get the combination gain from the three non-overlapped PUCCH. So, for this case, one of overlapped channel need to be dropped, e.g., PUSCH could be dropped.
Based on the previous analysis, we can get the following proposal:
Proposal 9: When single slot PUCCH overlaps with multiple slot PUSCH, 
· Single slot partial overlap criteria could be used to determine if PUCCH could be multiplexed on PUSCH. If the conditions are satisfied, UCI is multiplexed on a PUSCH slot, otherwise, either PUCCH is dropped or UE behavior is not specified
Proposal 10: When single slot PUSCH overlaps with multiple slot PUCCH, PUSCH should be dropped to maintain PUCCH performance.
Figure 2 show two scenarios of case 2. For the case 2-(a), where PUCCH partially overlaps with PUSCH but is contained within the duration of PUSCH, if two UCIs are both piggyback on PUSCH, from the characteristics of LDPC encoder as described earlier, data can get the combination gain from four PUSCHs transmissions, while UCI can also get the combination gain from two overlapped PUCCH/PUSCHs transmissions with UCI piggybacked on PUSCHs. 

    2-(a) All PUCCHs overlap with PUSCHs              2-(b) Some PUCCH(s) do not overlap with PUSCH 
[bookmark: _Ref513141385]Figure 2. Multiple slot PUCCH overlaps with multiple slot PUSCH
For the case 2-(b), where PUCCH partially overlaps with PUSCH but is not contained within the duration of PUSCH, if the fourth UCI is piggyback on the overlapped PUSCH, UCI cannot get the combination gain from the non-overlapped PUCCH and the overlapped PUCCH/PUSCH where UCI is piggybacked on PUSCH. So, for this scenario, either PUSCH or PUCCH could be dropped on the overlapped slots.  Given above analysis, we can have the following proposals:
Proposal 11: When multiple slots PUCCHs overlaps with multiple slots PUSCHs and all PUCCHs are overlapped with PUSCHs, 
· If the multiplexing criteria can be satisfied, the UCI should be carried by the overlapped PUSCH; 
· Otherwise, either PUSCH or PUCCH should be dropped over overlapped slots.
Proposal 12: When multiple slots PUCCHs overlaps with multiple slots PUSCHs, and not all of the PUCCHs are overlapped with PUSCHs,
· Either PUSCH or PUCCH should be dropped over overlapped slots.
· PUCCH overlapping with PUCCH
In RAN1 92 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 mainly applies to the single-slot case, and in this subsection, the multiplexing rule for the multi-slot case is analyzed. 
Specifically, 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 3 (a) and (b) respectively. The former is easy to implement but is unbeneficial to the PUCCH combining. As shown in Figure 3 (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.

(a) SR is transmitted on PUCCH within the overlapping slot

(b) SR is transmitted on all repeated PUCCHs
Figure 3. 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. Specifically, if a SR is negative at the beginning but changes to positive in the repeated slots, then UE can only treat it as negative from the first slot to the end. Changing the SR state means that different SR bit would be added in AN resources in different slots, which is also unfavorable to AN combining. 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 also needs to determine the SR state at the beginning of HARQ-ACK PUCCH and cannot change the SR state if it is activated after the transmission of AN. 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 13: 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.
Conclusions
Based on above discussions, the following proposals are given: 
Proposal 1: Re-ordering of CGS for DFT-s-OFDM with different lengths should be considered jointly. Support the ordering in Table 4-Table 6 of [1] (R1-1807307) for length-12, length-18 and length-24CGS.
Proposal 2: When HARQ-ACK and K SR transmission all using PUCCH format 1 overlap with each other, if all SRs are negative, HARQ-ACK is transmitted on the HARQ-ACK resource; if the selected SR is positive, HARQ-ACK is transmitted on that SR resource
Proposal 3: 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 4: The UE is not expected to transmit the corresponding HARQ-ACK/SR and the CSI report in a PUCCH resource in that slot.
Proposal 5: For PUCCH resources for HARQ-ACK, SR and periodic CSI in a slot, two of resources overlap with the third one simultaneously:
· If both N1+X and N2+Y are satisfied, 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.
· Otherwise, UE behaviours are not specified.
 Proposal 6: For multiplexing PUCCH and PUCCH/PUSCH, X, Y values are taken as following:
· For FR1, X=Y=1 OFDM Symbol;
· For FR2, X=Y=3 OFDM Symbols. 
[bookmark: _GoBack]Proposal 7: The work assumption are also applicable for overlapping between grant-free PUSCH and PUCCH.
Proposal 8: If both timeline N1+X and Ztotal = Z + Y’ are satisfied, multiplexing A-CSI with UL-SCH and HARQ-ACK, 
· For FR1, X=1 OFDM Symbol, Y’=4  OFDM Symbols
· For FR2, X=3 OFDM Symbols, Y’=6 OFDM Symbols
· Dropping A-CSI if it is conveyed by PUSCH without UL-SCH.
Proposal 9: When single slot PUCCH overlaps with multiple slot PUSCH, 
· Single slot partial overlap criteria could be used to determine if PUCCH could be multiplexed on PUSCH. If the conditions are satisfied, UCI is multiplexed on a PUSCH slot, otherwise, either PUCCH is dropped or UE behavior is not specified
Proposal 10: When single slot PUSCH overlaps with multiple slot PUCCH, PUSCH should be dropped to maintain PUCCH performance.
Proposal 11: When multiple slots PUCCHs overlaps with multiple slots PUSCHs and all PUCCHs are overlapped with PUSCHs, 
· If the multiplexing criteria can be satisfied, the UCI should be carried by the overlapped PUSCH; 
· Otherwise, either PUSCH or PUCCH should be dropped over overlapped slots.
Proposal 12: When multiple slots PUCCHs overlaps with multiple slots PUSCHs, and not all of the PUCCHs are overlapped with PUSCHs,
· Either PUSCH or PUCCH should be dropped over overlapped slots.
Proposal 13: 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
· [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]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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