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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN Plenary #78 meeting, the specification for NR NSA has been declared as complete. But in the specification, there are some agreements incorrectly captured and some FFS issue need to be resolved. To complete the specification and improve its quality, this contribution includes some summary of incorrect capturing and the FFS issue on PUCCH structure in short-duration.
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Discussion
Incorrect capturing on short PUCCH
Correction on PUCCH multiplexing
In 3GPP RAN1 #88-bis meeting [1], multiplexing of different PUCCH formats were discussed and the following was agreed:
Agreements:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)
Based on the agreement, one UE is only allowed to transmit two short PUCCHs, or one long PUCCH and one short PUCCH in different symbols in one slot. But in the TS38.213, one UE can transmit one or more PUCCH with any format in TDM manner. To add these restrictions for UE behavior, some detailed correction can be found in [2].
Proposal 1: In TS 38.213, add UE behavior restrictions in the description of PUCCH multiplexing in time. The details are in the draft CR (R1-1800830, [2]). 

Correction on DMRS sequence initialization for PUCCH format 2
In 3GPP RAN1 #91 meeting [3], DMRS sequence for PUCCH format 2 is discussed, and the following was agreed:
Agreements:
· For PUCCH format 2, the PN sequence for DMRS reuses that for CP-OFDM PUSCH DMRS. 
Based on the agreement, for PUCCH format 2, the PN sequence for DMRS reuses that for CP-OFDM PUSCH DMRS, including the generation formula and the input parameter. But in the TS38.211, the configurable ID used for PUCCH format 2 DMRS and for PUSCH DMRS are different, one is Scrambling-ID, and the other is UL-DMRS-Scrambling, respectively. To revise the incorrect capturing, some correction is needed to replace Scrambling-ID with UL-DMRS-Scrambling, details can be found in [4].
Proposal 2: In TS38.211, to revise the incorrect capturing on DMRS sequence initialization for PUCCH format 2, by replacing Scrambling-ID with UL-DMRS-Scrambling. The details are in the draft CR (R1-1800834, [4]).  
Correction on formula for Low-PAPR sequence generation
In clause 5.2.2 of 38.211 v15.0.0, formula for low-PAPR sequence generation has been defined as following,







where  is the length of the sequence and . Multiple sequences are defined from a single base sequence through different values of  and . The quantity .






But in fact, if ,  will be equal to 0 always, and parameter  and  will be not useful in sequence generation. To simplify the formula and avoid confused understanding, parameter  and  related parts should be removed from the formula. And several parts in specification need to be updated, which include the formula of low-PAPR sequence generation, the definition of sequence in PUCCH, PUSCH DMRS and SRS session. 


Proposal 3: In TS38.211, to simplify the formula and avoid confused understanding, parameter  and   related parts should be removed from the formula. The details are in the draft CR (R1-1800843, [5]).  

FFS issue on short PUCCH
Multiplexing of SR and HARQ-ACK
In 3GPP RAN1 meeting [3], multiplexing of SR and HARQ-ACK on PUCCH is 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
Based on the agreement, for PUCCH format 2/3/4, when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time, some mechanism are FFS. In the contribution [6], the available cases for partial overlapping are discussed firstly. Then, considering to increase transmission opportunities of SR and HARQ-ACK, the shorten mechanism and dropping mechanism for multiplexing SR and HARQ-ACK on the available cases are designed. For the more details, please refer to the contribution [6].
Proposal 4: When two symbols SR partially overlap with HARQ-ACK using PUCCH format 2 or format 3 or format 4 and neither of them is fully contained within the time duration of the other resource, two operations could be considered:
· If the SR resource starts before the HARQ-ACK resource, the SR resource is shortened to one symbol;
· Otherwise, SR and HARQ-ACK are multiplexing on the resource of HARQ-ACK.
Proposal 5: When SR partially overlap with HARQ-ACK and one of them resource is fully contained within the time duration of the other resource, two operations could be considered:
· SR and HARQ-ACK are multiplexing on the resource of HARQ-ACK.
· SR is dropped.

Aperiodic CSI feedback on PUCCH
In 3GPP RAN1 meeting [3], aperiodic CSI feedback on PUCCH is discussed, and the following was agreed:
Agreements:
· No concensus in RAN1#91 on how to support A-CSI on short PUCCH in Rel-15. 
· Thus, A-CSI on short PUCCH is not part of RAN1 specification for completion by Dec. 2017.
Based on the agreement, A-CSI on PUCCH is not discussed in the first version of Rel-15. However, to enable fast aperiodic CSI feedback, A-CSI feedback on PUCCH is still needed in the future version of Rel-15. In the contribution, we discussed the triggering mechanism of A-CSI on short PUCCH firstly. The benefit of triggering A-CSI in DL assignment is analyzed and A-CSI triggered by DL-related DCI is supported. Then, the potential issues on multiplexing of A-CSI and HARQ-ACK are discussed. When HARQ-ACK and A-CSI are triggered by one DCI, besides using same PUCCH resource, using different PUCCH resource the flexibility will supply flexibility of scheduling for the gNB, so both of these two method can be supported too. Meanwhile, the feedback delay of A-CSI and HARQ-ACK can be different, and hence these two messages can be fed back using the same PUCCH resource in different slots. Further, when HARQ-ACK and A-CSI are triggered by two DCIs respectively, two different PUCCH resource should be used to avoid the misunderstanding of payload size. For the more details, please refer to contribution [7]. Finally, we propose the low-latency CSI (LL-CSI) report on short PUCCH [8], an enhanced implementation method for A-CSI on short PUCCH and mainly designed for quick link adaption in DL repetitions. The LL-CSI is measured and obtained from DMRS in PDSCH (and hence greatly reduces the required processing time) and only the SINR gap (i.e., the gap between the achievable SINR and the target SINR) is reported, which is able to aid the gNB to adjust the transmission power and MCS in the subsequent transmissions. Besides, since LL-CSI is mainly used for quick link adaption in DL repetitions, it is only useful when the data is unsuccessfully decoded. Hence a joint encoding and transmission scheme is designed for HARQ-ACK and LL-CSI. Specifically, 
· For ACK, LL-CSI is dropped and ACK is fed back since the subsequent transmission can be omitted.
· For NACK until the last repetition, LL-CSI is dropped and NACK is fed back to inform the unsuccessful data reception to gNB and maybe trigger next repetition process.
· For NACK before the last repetition, NACK is dropped and LL-CSI is fed back to aid the link adaption in the next transmission.
[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK113]Proposal 6: For triggering A-CSI on short PUCCH, 
· The CSI report is triggered with CSI request field in DL-related DCI.
Proposal 7: If HARQ-ACK and A-CSI are triggered by same DL-related DCI, support to use the same PUCCH resource for HARQ-ACK and A-CSI.
Proposal 8: If A-CSI and HARQ-ACK triggered by two DCIs are reported on the same slot, different PUCCH resources in TDM manner for the A-CSI and HARQ-ACK should be used.
· If the DCI triggering A-CSI is detected, UE should transmit A-CSI on the PUCCH resource indicated by this DCI.
Conclusion
Based on above discussions, the following proposals are given: 
Proposal 1: In TS 38.213, add UE behavior restrictions in the description of PUCCH multiplexing in time. The details are in the draft CR (R1-1800830, [2]). 
Proposal 2: In TS38.211, to revise the incorrect capturing on DMRS sequence initialization for PUCCH format 2, by replacing Scrambling-ID with UL-DMRS-Scrambling. The details are in the draft CR (R1-1800834, [4]).  


Proposal 3: In TS38.211, to simplify the formula and avoid confused understanding, parameter  and   related parts should be removed from the formula. The details are in the draft CR (R1-1800843, [5]).  
Proposal 4: When two symbols SR partially overlap with HARQ-ACK using PUCCH format 2 or format 3 or format 4 and neither of them is fully contained within the time duration of the other resource, two operations could be considered:
· If the SR resource starts before the HARQ-ACK resource, the SR resource is shortened to one symbol;
· Otherwise, SR and HARQ-ACK are multiplexing on the resource of HARQ-ACK.
Proposal 5: When SR partially overlap with HARQ-ACK and one of them resource is fully contained within the time duration of the other resource, two operations could be considered:
· SR and HARQ-ACK are multiplexing on the resource of HARQ-ACK.
Proposal 6: For triggering A-CSI on short PUCCH, 
· The CSI report is triggered with CSI request field in DL-related DCI.
[bookmark: _GoBack]Proposal 7: If HARQ-ACK and A-CSI are triggered by same DL-related DCI, support to use the same PUCCH resource for HARQ-ACK and A-CSI.
Proposal 8: If A-CSI and HARQ-ACK triggered by two DCIs are reported on the same slot, different PUCCH resources in TDM manner for the A-CSI and HARQ-ACK should be used.
· If the DCI triggering A-CSI is detected, UE should transmit A-CSI on the PUCCH resource indicated by this DCI.
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