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Introduction

In RAN1#114, the following conclusions and agreements were made [1]:
Agreement
For NTN-specific PUSCH DMRS bundling,
· As UE capability report,
· UE reports the max TDW size it can support by fulfilling the phase difference limit requirement.
· Note: phase difference limit requirement is assumed to be at gNB receiver from RAN1 perspective.
· Details, e.g., whether FG 30-4 is used without new FG or new FG is introduced, is discussed in UE feature session.
· No consensus on whether to support Option 1d/1e/1f/1g.

Agreement
For NTN-specific PUSCH DMRS bundling, actual TDW is determined by the existing events and no additional event is defined.

Conclusion
For NTN-specific PUSCH DMRS bundling, 
· For UE assistance information (i.e., report by signaling other than UE capability report),
· No consensus on whether to support Option 2b/2c/2d

Agreement
The working assumption at the RAN1#112 meeting is superseded by the following agreement:
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK only if measured RSRP is lower than the configured RSRP threshold.
· If the RSRP threshold is not configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· Alt B: New RSRP threshold is introduced.
· Note: the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation.
· The range of RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is the same as the range of the RSRP threshold for R17 Msg3 repetition.
· FFS signaling details, e.g. whether RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as a relative or absolute value
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report
· Note 2: RAN1 considers that there is no difference between “repetition request” and “capability report” in earlier RAN1 agreements

[bookmark: _Ref473802466][bookmark: _Ref462669569]In this contribution, we discuss remaining issues for PUCCH for Msg 4 HARK-ACK repetitions and  DMRS bundling for PUSCH. 

Msg4 HARQ-ACK 
It has been agreed to introduce a new RSRP threshold for Msg4 HARQ-ACK repetition. The details of the signaling are yet to be agreed. One proposal is to signal the new RSRP threshold as a value relative to the threshold for Rel-17 Msg3 repetition. This creates a dependency of the new feature on Rel-17 Msg3 repetition and may cause problems in the future. To ensure forward compatibility, we have the following proposal.
Proposal 1: The RSRP therhold for PUCCH repletion for Msg4 HARQ-ACK is signaled using the RSRP-Range format.
For the indication of PUCCH repetition factors, it was agreed to use the DAI field that is not used in DCI format 1_0 with CRC scrambled by TC-RANTI. For the mapping between the repetition factor and the DAI bits, we have the following proposal.

Proposal 2: With respect to dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI:
· 1 bit or 2 bits are used based on the number of configured repetition factors
· If 2 repetition factors are configured, the 1st/2nd configured repetition factors are mapped to ‘0’, ’1’ of 1 bit LSB of 2 bits DAI field, respectively. The remaining one bit is reserved.
· If 3 or 4 repetition factors are configured, the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 4th repetition factor is not configured, the corresponding codepoint (i.e., ‘11’) is not used.



DMRS Bundling
It has been shown that transmit antenna switching provides significant perormance gain. Consider a UL transmission that requires 16 consecutive slots, two DMRS bundling windows of 8 slots each provides more than 1.5 dB gain than one DMRS bundling window of 16 slots [2]. For a UE capable of DMRS bundling size 16 and transmit antenna switching, it is preferred to have  8 slots for TDW instead of 16 slots. To enable approriate TDW size, UE capability of transmit antenna switching should be supported when UE indicates that the maximal TDW size is greater than 1.
[bookmark: _Hlk134735212]Proposal 3: For NTN, supports capability signaling of transmit antenna switching for UEs that indicates capable of more than 1 slots for the maximal TDW size.
For UEs capable of transmit antenna switching, network should be given the flexibility to disable or enable  transmit antenna switching for the same reasons of  network configuration of  the nominal TDW length.  
Proposal 4: Support network RRC configuration to disable a UE’s transmit antenna switching that affects TDW sizes. 
For UEs with multiple antenna ports, more transmit antenna switchings during a PUSCH could bring more diversity gain. Doing so, the actual TDW size will be reduced and hence may degrade the overall performance. A good tradeoff is to ensure that there is one transmit antenna switching during a PUSCH. If there are more than one TDWs, UE are free to perform transmit antenna switching between two TDWs. Hence, we only need to modify the procedure for TDW determination when there is only one  nominal TDW without considering transmit antenna switching.  When the nominal TDW duration is configured, UE may consider the antenna switching is disabled.  The new procedure considering transmit antenna switching is depicted as in the following figure.


Figure 1 Flow chart of TDW determination with transmit antenna switching.

Proposal 5: For NTN-specific PUSCH DMRS bundling, legacy procedure for determining TDWs as defined in Sec. 6.1.7 of 38.214 is reused except the following:
· For UE capable of and enabled with transmit antenna switching, if the number of nominal TDWs determined using the legacy procedure is equal to 1, UE calculates a new nominal TDW duration as nominalTDWLength_new = ceil(nominalTDWLength/2), and determines the nominal and actual TDWs using the nominalTDWLength_new following the legacy procedure.
· UE considers txAntSwitching disabled when nominal TDW duration is configured.


Conclusions
In this contribution, we have discussed remaining for coverage enhacemnts for NR NTN with the following proposals:
Proposal 1: The RSRP therhold for PUCCH repletion for Msg4 HARQ-ACK is signaled using the RSRP-Range format.

Proposal 2: With respect to dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI:
· 1 bit or 2 bits are used based on the number of configured repetition factors
· If 2 repetition factors are configured, the 1st/2nd configured repetition factors are mapped to ‘0’, ’1’ of 1 bit LSB of 2 bits DAI field, respectively. The remaining one bit is reserved.
· If 3 or 4 repetition factors are configured, the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 4th repetition factor is not configured, the corresponding codepoint (i.e., ‘11’) is not used.

Proposal 3: For NTN, supports capability signaling of transmit antenna switching for UEs that indicates capable of more than 1 slots for the maximal TDW size.

Proposal 4: Support network RRC configuration to disable a UE’s transmit antenna switching that affects TDW sizes. 

Proposal 5: For NTN-specific PUSCH DMRS bundling, legacy procedure for determining TDWs as defined in Sec. 6.1.7 of 38.214 is reused except the following:
· For UE capable of and enabled with transmit antenna switching, if the number of nominal TDWs determined using the legacy procedure is equal to 1, UE calculates a new nominal TDW duration as nominalTDWLength_new = ceil(nominalTDWLength/2), and determines the nominal and actual TDWs using the nominalTDWLength_new following the legacy procedure.
· UE considers txAntSwitching disabled when nominal TDW duration is configured.
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