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Introduction
In RAN1#112bis-e meeting, the signaling and procedure to support Msg4 PUCCH repetition and the necessity of DMRS bundling enhancement for PUSCH were extensively discussed, and obvious process has been made as follows [1]:
	[bookmark: _Hlk130998004]Observation
For NTN-specific PUSCH DMRS bundling, 
· In LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots (for carrier bandwidth 5 MHz or larger), if the PRB allocation is not within 6 PRBs from the DC carrier, pre-compensation by UE and post-compensation by gNB are not assumed, and 70.5 (us/s) timing drift rate is assumed.
· Note: this does not imply that UE shall be scheduled within 6 PRBs from the DC carrier.

Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.
· Option B: Higher layer signaling in Msg3 PUSCH

Agreement
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination.
· Alt 2: gNB-centric TDW determination
· Nominal TDW is determined based on gNB configuration.
· Actual TDW is determined based on gNB configuration/indication.
· Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN.
· FFS: details, including UE capability and assistance information reporting

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, support Alt 1-1 for dynamic indication of repetition factor from gNB. Further discuss which field(s) to be used.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field(s)
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, apply frequency hopping mechanism in R15/16/17 defined for PUCCH transmission for Msg4 HARQ-ACK, in every slot.

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, candidate values of only one repetition factor configuration via SIB are {2, 4, 8}.
· i.e., configuration of only ‘1’ is not supported.




In this contribution, we continue to discuss the procedure and signaling to support Msg4 PUCCH repetition, including signaling for repetition request or capability report, and dynamic indication. Then, we provide our view on DMRS bundling enhancement in NR NTN.

Coverage enhancement for NR NTN
PUCCH enhancement for Msg4 HARQ-ACK
Signaling for repetition request or capability report
In RAN1#112bis-e meeting, down-selection of the container for repetition request or capability report was made, and Option B (i.e., higher layer signaling in Msg3 PUSCH) was taken as the first choice from RAN1 perfective as follows: 
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.
· Option B: Higher layer signaling in Msg3 PUSCH



Tu support the signaling for repetition request/capability report, an LS to RAN2 is needed to further check the feasibility and specify the details of Option B. However, several companies have different views on how many bits is needed for repetition request/capability report, e.g., whether to indicate UE preferred repetition factor in the signaling, so the LS was held over until RAN1#113 meeting. 
[bookmark: _Hlk134450311]As we pointed out in the last meeting, when we are talking about Option B, UE indicating repetition factor has already been excluded as per the following working assumption, so it should not be considered on top of Option B. Also, the benefit of UE indication of repetition factor is not clear because we have agreed that the repetition factor is semi-statically configured or dynamically indicated by gNB. Thus, UE indicating repetition factor should not be supported for Msg4 PUCCH repetition.
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following options as container of the [repetition request or capability report] indicated by UE.
· Option A: PRACH preamble and/or occasion
· FFS: whether PRACH resource partitioning is needed for indication of [repetition request  or capability report]
· FFS: whether or not indication of repetition factor is assumed 
· Note: the relation with R18 NR coverage enhancements for PRACH may need to be considered in future meetings
· Option B: Higher layer signaling in Msg3 PUSCH
· FFS: which signaling is used
· Note: if higher layer signaling is preferred in RAN1, the feasibility will be asked to RAN2.
· Option C: Physical layer signaling in Msg3 PUSCH
· FFS: which signaling is used, e.g. DMRS ports



Proposal 1: UE indicating repetition factor is not supported for Msg4 PUCCH repetition.
In addition, the repetition request or capability report carried in Msg3 PUSCH depends on the RSRP threshold configuration and will not exist simultaneously, so 1-bit information from RAN1 perspective is enough for the basic function. That is, if the measured RSRP is lower than the configured RSRP threshold, the UE capable of Msg4 PUCCH repetition transmits repetition request; if the RSRP threshold is not configured but the repetition factor is configured by gNB, the UE capable of Msg4 PUCCH repetition reports the capability of Msg4 PUCCH repetition.
Proposal 2: Either repetition request or capability report is transmitted from UE and 1-bit information from RAN1 perspective is assumed for the repetition request or capability report.
R18 NR NTN considers a large range of UEs with different types, e.g., smartphones and VSAT, thus the RSRP range may be wide according to different UE type with different antenna gains. For this reason, introducing a RSRP threshold for Msg4 PUCCH repetition is beneficial. If only one repetition factor is configured via SIB, the RSRP threshold can prevent the UE with good channel condition from performing Msg4 PUCCH repetition to save PUCCH resource. If multiple repetition factors are configured via SIB, the gNB only needs to perform measurement and determine the exact repetition factor for the UE with repetition request to reduce the gNB complexity. 
Observation 1: Introducing a RSRP threshold for Msg4 PUCCH repetition is beneficial for both semi-static configuration and dynamic indication of repetition factor.
Regarding the maximum configurable value of the RSRP threshold, the currently defined RSRP-Range {0…127} in TS 38.331 can be reused to cover different performance requirement, where X = 127 corresponds to infinity. In addition, we provide the coverage performance evaluation results of one-shot Msg3 PUSCH and Msg4 PUCCH under the reference scenario defined in the WID [2]. It can be observed that the performance gap of Msg3 PUSCH is larger than that of Msg4 PUCCH, therefore the need of repetition for Msg3 PUSCH and Msg4 PUCCH does not always go hand-in-hand, so setting a unique threshold for Msg3 PUSCH and Msg4 PUCCH is not meaningful. For this reason, a separate RSRP threshold should be introduced for Msg4 PUCCH repetition.
Table 1. Performance gap of Msg3 PUSCH and Msg4 PUCCH without repetition under LEO-1200 set-1 satellite
	Physical channel
	Required SNR [dB]
	CNR [dB]
	Performance gap [dB]

	Msg3 PUSCH
	-2.63
	-11.11
	8.48

	PUCCH for Msg4 HARQ-ACK
	-3.93
	-8.11
	4.18



[bookmark: _GoBack]Proposal 3: The RSRP-Range {0…127} defined in current spec can be reused in Msg4 PUCCH repetition, and the maximum configurable value of the RSRP threshold is 127.
Proposal 4: A new RSRP threshold should be introduced for Msg4 PUCCH repetition and how to define the RSRP threshold can be left to RAN2.

Dynamic indication
When multiple repetition factors are configured in SIB, the gNB should further indicate the specific repetition factor to UE in DCI. For flexibility and backward compatibility reasons, it was agreed that one or two bits of the existing field(s) in DCI 1_0 is used for indication in the last meeting: 
	Agreement
For PUCCH repetition for Msg4 HARQ-ACK, support Alt 1-1 for dynamic indication of repetition factor from gNB. Further discuss which field(s) to be used.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field(s)
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field



For Alt 1-1a, considering Msg4 PDSCH and Msg4 PUCCH may experience different channel quality, reusing MCS field for indication may cause restriction on Msg4 PDSCH transmission. For Alt 1-1b/ Alt 1-1c/ Alt 1-1e, scheduling flexibility issue seems to be the major defect. However, for Alt 1-1b, the scheduling flexibility issue only reflects in PUCCH resource partitioning for the UE with repetition request/capability report, and the legacy UE can still use all common PUCCH resource. Also, Alt 1-1b is more consistent with R17 dynamic PUCCH repetition, thus it can be further discussed. 
[bookmark: _Hlk134462336]Alt 1-1d using the reserved bit field for indication can avoid scheduling flexibility issue and obtains majority support. In this case, how to indicate the PUCCH repetition factor after Msg4 PUCCH and before dedicated PUCCH resource configuration should be further discussed. Following Msg4 PUCCH repetition factor is simple and reasonable because the channel variation is expected to be small in the short time duration.
Proposal 5: For dynamic indication, reusing 1 or 2 bits of PRI field and DAI field can be further discussed.
Proposal 6: For PUCCH repetition after Msg4 PUCCH transmission and before dedicated PUCCH resource configuration, the PUCCH repetition follows the Msg4 PUCCH repetition factor.

DMRS bundling for PUSCH
In RAN1#112bis-e meeting, companies achieved common understanding on the necessity of enhancement for DMRS bundling in NTN, and the following observation and agreements were made:
	Observation
For NTN-specific PUSCH DMRS bundling, 
· In LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots (for carrier bandwidth 5 MHz or larger), if the PRB allocation is not within 6 PRBs from the DC carrier, pre-compensation by UE and post-compensation by gNB are not assumed, and 70.5 (us/s) timing drift rate is assumed.
· Note: this does not imply that UE shall be scheduled within 6 PRBs from the DC carrier.

Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4

Agreement
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination.
· Alt 2: gNB-centric TDW determination
· Nominal TDW is determined based on gNB configuration.
· Actual TDW is determined based on gNB configuration/indication.
· Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN.
· FFS: details, including UE capability and assistance information reporting



According to the above working assumption, the UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit, as shown in Fig 1. However, in NR-NTN, the UE is required to perform TA pre-compensation update to maintain UL synchronization, which is transparent for the network. Thus, the actual TDW determination should be enhanced to enable DMRS bundling in NR NTN.
[image: ]
Fig 1. Uplink TA violates power consistency and phase continuity for DMRS bundling.
[bookmark: _Hlk134464313]When applying DMRS bundling in NTN, the existing procedure should be reused to the most extent. To ensure the gNB and UE have common understanding on the timing of TA pre-compensation update, it can be specified that the UE can only perform TA pre-compensation update at the boundary of the configured TDW. Besides, UE reporting information is not needed since the gNB can provide an appropriate TDW as in segment based transmission in R17 IoT NTN.
Proposal 7: For DMRS bundling in NTN, the UE can only perform TA pre-compensation update at the boundary of the configured TDW, and UE reporting information is not needed.

Conclusion
In this contribution, we present our view and analysis on PUCCH enhancement for Msg4 HARQ-ACK and necessity of enhancement on PUSCH DMRS bundling. The following observations and proposals are made:
Observation 1: Introducing a RSRP threshold for Msg4 PUCCH repetition is beneficial for both semi-static configuration and dynamic indication of repetition factor.

Proposal 1: UE indicating repetition factor is not supported for Msg4 PUCCH repetition.
Proposal 2: Either repetition request or capability report is transmitted from UE and 1-bit information from RAN1 perspective is assumed for the repetition request or capability report.
Proposal 3: The RSRP-Range {0…127} defined in current spec can be reused in Msg4 PUCCH repetition, and the maximum configurable value of the RSRP threshold is 127.
Proposal 4: A new RSRP threshold should be introduced for Msg4 PUCCH repetition and how to define the RSRP threshold can be left to RAN2.
Proposal 5: For dynamic indication, reusing 1 or 2 bits of PRI field and DAI field can be further discussed.
Proposal 6: For PUCCH repetition after Msg4 PUCCH transmission and before dedicated PUCCH resource configuration, the PUCCH repetition follows the Msg4 PUCCH repetition factor.
Proposal 7: For DMRS bundling in NTN, the UE can only perform TA pre-compensation update at the boundary of the configured TDW, and UE reporting information is not needed.
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Appendix 
Simulation assumptions
Table 2. PUCCH for Msg4 HARQ-ACK simulation assumption
	Parameter
	Value

	PUCCH format 
	Format 1, 1bit UCI.

	Frequency hopping
	w/ frequency hopping

	BLER
	-     For PUCCH format 1: 
DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.

	Number of UE transmit chains
	1 

	Repetitions
	wo repetition.

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB



Table 3. Msg3 PUSCH simulation assumption
	Parameter
	Value

	Number of UE transmit chains
	1

	Frequency hopping
	wo frequency hopping

	DMRS configuration
	Type I, 2 DMRS symbols, no multiplexing with data.

	Waveform 
	DFT-s-OFDM

	PUSCH duration        
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	MCS
	MCS 0
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