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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#95, it has been agreed to support multiple PUCCHs for HARQ-ACK within a slot in Release-16. Companies are encouraged to provide the following details when proposing a solution: [1]:
· How to separate HARQ-ACK multiplexing windows for different PUCCHs?
· How to indicate the starting symbol of different PUCCHs?
· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
· How to determine dynamic HARQ codebook?
· How to determine semi-static HARQ-ACK codebook?
· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
· How to determine PUCCH resource for each PUCCH?
· How to do PUCCH resource overriding for HARQ-ACK multiplexing?
· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?
In this contribution, we discuss the potential UCI enhancements required to support multiple PUCCHs within a slot, more reliable HARQ-ACK feedback and prioritization of URLLC and eMBB transmissions.  
Discussion
UCI enhancements for URLLC
Separate HARQ-ACK multiplexing widows for different PUCCHs
Due to higher reliability and lower latency requirements of URLLC traffic, separate HARQ-ACK multiplexing windows can be supported for eMBB and URLLC. There are various options, firstly by simply reuse MCS-C-RNTI for the identification of URLLC scheduling, the UE will be able to determine the DCI grant for URLLC and support separate ‘ACK/NACK’ feedback codebook for URLLC and eMBB services based on these identifications. 
Multiple PUCCHs within a slot can enable ‘ACK/NACK’ feedback on intra-UE URLLC-PUCCH and eMBB-PUCCH respectively. PUCCHs with partially overlapping or completely overlapping HARQ-ACK multiplexing windows can be separated by TDM or FDM. If there are frequency domain resources available (at least 2 PRBs), eMBB-PUCCH and URLLC-PUCCH may be transmitted simultaneously in the UL.
Indication of K1
The HARQ DL association set, slots for which HARQ feedback should be reported in a given PUCCH, is currently based on a set of slot timing values K1.
For URLLC, it is beneficial for K1 to be indicated also in unit of symbol(s). The indicated K1 can then be used directly to determine the HARQ-ACK multiplexing windows for different PUCCHs within a slot.
Proposal 1: The indicated K1 can be used to determine HARQ-ACK multiplexing windows for different PUCCHs.
Proposal 2: The set of HARQ timing values may be updated to support K1 at both slot and symbol level.
PUCCH resource ID and starting symbol
For URLLC with tight latency requirements, more transmission opportunities for PDSCH transmission within a slot are beneficial. ([4])
In Rel-15, the PUCCH resource ID is determined by the index of first CCE for the PDCCH reception, and the PUCCH resource indicator field in the DCI. Therefore, the location of the DCI has to be transmitted on a CCE index that can be used to reference an intended PUCCH resource. If that CCE is already used by another UE, the DCI cannot be sent on a desired CCE, and may result in ‘CCE blocking’ or scheduling delay. 


If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index [image: ],  [image: ], as , where  is a number of CCEs in a control resource set of a PDCCH reception with DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1, [image: ] is the index of a first CCE for the PDCCH reception, and [image: ] is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. ([2] section 9.2.1)
PUCCH resources of format0 and format1 are only allowed in the first PUCCH resource set, i.e., in a PUCCH-ResourceSet with pucch-ResourceSetId = 0. This set may contain between 1 and 32 resources. PUCCH resources of format2, format3 and format4 are only allowed in a PUCCH-ResourceSet with pucch-ResourceSetId > 0. If present, these sets contain between 1 and 8 resources each. ([3] ‘PUCCH-Resource field descriptions’)
PUCCH-Resource ::=                      SEQUENCE {
    pucch-ResourceId                        PUCCH-ResourceId,
    startingPRB                             PRB-Id,
    intraSlotFrequencyHopping               ENUMERATED { enabled }                                                  OPTIONAL,   -- Need R
    secondHopPRB                            PRB-Id                                                                  OPTIONAL,   -- Need R
    format                                  CHOICE {
        format0                                 PUCCH-format0,
        format1                                 PUCCH-format1,
        format2                                 PUCCH-format2,
        format3                                 PUCCH-format3,
        format4                                 PUCCH-format4
    }
}
For example,
PUCCH-format3 ::=                               SEQUENCE {
    nrofPRBs                                        INTEGER (1..16),
    nrofSymbols                                     INTEGER (4..14),
    startingSymbolIndex                             INTEGER(0..10)
}
Even though the start symbol can be placed at ‘any’ OFDM symbols from the above definition, the network can only configure a subset of them due to limited number of PUCCH resource configurations. When there are multiple PUCCH transmissions in a slot, the location of ‘startSymbol’ becomes more important as it will have to ensure that there is no collision within the same slot as well as satisfying the timeline or stringent latency requirement imposed by the URLLC service.  
[bookmark: _Hlk534895636]One option is therefore to increase the size of PUCCH resource set, including that for more than 2 UCI bits with HARQ-ACK. However, as discussed above, it is not always possible to indicate the desired ‘start symbol’, considering that ‘number of symbols’ and ‘number of PRBs’ etc. also need to be correctly selected by the same PUCCH resource ID. Furthermore, it does not solve the problem of CCE blocking. The R15 mechanism may be inadequate to address the required ‘start symbol’ for URLLC service.
If the PUCCH duration crosses to the next slot, the PUCCH ‘start symbol’ can be symbol ‘0’ of the next slot. The starting symbol of eMBB-PUCCH can be the first symbol where there is no overlapping with URLLC-PUCCH in time domain.
Proposal 3:  PUCCH ‘starting symbol’ may be enhanced to support more flexible values for URLLC.
Maximum number of PUCCH transmissions for HARQ-ACK in a slot
Although the PDCCH monitoring occasions per slot can be increased to symbol level, the maximum number of PUCCH transmissions including HARQ-ACK in a slot may be specified for eMBB and URLLC respectively to meet the UE processing time constraints. 
· N1 is the number of OFDM symbols required for UE processing from the end of PDSCH to the earliest possible start of the corresponding ACK/NACK transmission on PUSCH or PUCCH from UE perspective.
Consider the typical values of N1 at 2.5, 5 or 10 symbols, the number of PUCCH transmissions including HARQ-ACK bits associated for each carrier of each slot can be 2 for URLLC services. However, in case of TDD, PUCCH transmission in a slot can be associated with PDSCHs of multiple slots. In addition, for the case of carrier aggregation, multiple HARQ-ACKs from multiple cells may be multiplexed on a PUCCH. Therefore, up to two PUCCHs for HARQ-ACK per slot may not be sufficient.
[bookmark: _Hlk534196636]Proposal 4:  Maximum number of PUCCH transmissions including HARQ-ACK bits allowed in a slot can be more than be 2 for URLLC.
How to determine semi-static and dynamic HARQ codebook
With the PDCCH monitoring occasions per slot being increased to number of symbols, the size of semi-static codebook can increase exponentially. However, for the bursty URLLC traffic (across aggregated carriers), many bits in the semi-static codebook may not have a corresponding PDSCH transmission. This can increase the transmission duration of PUCCH channel and reduce the transmission efficiency of the semi-static codebook. Mechanisms to improve the transmission efficiency of semi-static codebook may be considered, for example, shorter PUCCH multiplexing window may be used to mitigate this issue.    
For dynamic codebook, the counter DAI value and the total DAI value may apply separately for each HARQ-ACK codebook per PUCCH. Currently, as there are only two bits for each counter, the reliability of the dynamic codebook can be compromised if the HARQ-ACK multiplexing window spans across more than 4 start timings or 4 slots/mini-slots. The reliability of the dynamic codebook should be improved for NR URLLC. 
Proposal 5: Mechanisms to improve the transmission efficiency of semi-static codebook and the reliability of dynamic codebook may be considered.
Collision handling of multiple UL PUCCH channels 
[bookmark: _GoBack]It is necessary to define the prioritization rule when two or more PUCCHs/PUSCHs (PUxCHs) carrying ‘ACK/NACK’ overlaps with each other. Generally, the TBS and physical resources allocated for URLLC are limited. On the other hand, the overhead of eMBB UCI could be large, and the reliability of eMBB UCI is lower than URLLC PUSCH. If there are enough frequency domain resources, the URLLC and eMBB channels may be transmitted in parallel in FDM manner, otherwise, the following time domain solution can be considered: 
· If a UE would transmit eMBB PUxCH that has a same first symbol with a URLLC PUxCH transmission, the UE may postpone the eMBB PUxCH until the URLLC PUxCH transmission completes.
· If a UE would transmit eMBB PUxCH during a URLLC PUxCH transmission, the UE does not transmit the eMBB PUxCH until the URLLC PUxCH transmission completes.
· If a UE would transmit URLLC PUxCH during the eMBB PUxCH transmission, the UE may puncture or rate-match the eMBB transmission in order to support the URLLC PUxCH transmission.
Proposal 6: The eMBB PUCCH/PUSCH transmission may be postponed or punctured when there is a collision with URLLC transmission.
Conclusion
In this contribution, we discussed the UCI enhancements to support multiple PUCCHs within a slot, enhanced HARQ-ACK and prioritization of URLLC and eMBB, and proposed the following:
Proposal 1: The indicated K1 can be used to determine HARQ-ACK multiplexing windows for different PUCCHs.
Proposal 2: The set of HARQ timing values may be updated to support K1 at both slot and symbol level.
Proposal 3:  PUCCH ‘starting symbol’ may be enhanced to support more flexible values for URLLC.
Proposal 4:  Maximum number of PUCCH transmissions including HARQ-ACK bits allowed in a slot can be more than be 2 for URLLC services.
Proposal 5: Mechanisms to improve the transmission efficiency of semi-static codebook and the reliability of dynamic codebook may be considered.
Proposal 6: The eMBB PUCCH/PUSCH transmission may be postponed or punctured when there is a collision with URLLC transmission.
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