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Introduction
This topic is mentioned in Rel-18 NR NTN WID. As discussed/concluded at the previous RAN1#112 meeting, we focus on coverage enhancement of PUCCH for Msg4 HARQ-ACK and discussion of DMRS-bundling for PUSCH.
	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:
· Timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 13 slots if TA pre-compensation update is not assumed.
· FFS: whether/how to consider the initial timing error at the beginning
· FFS: TA pre-compensation update is assumed
· Frequency error limit (Section 6.4.1 in 38.101-5) can be satisfied over 32 slots if frequency pre-compensation update is not assumed.
· FFS: impact of phase difference limit

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

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following alternatives for dynamic indication of repetition factor from gNB.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field
· 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
· Alt 1-2: New field with one or two bits
· Alt 2: Field in DCI scheduling Msg3 PUSCH
· PUCCH repetition factor is indicated jointly with Msg3 repetition factor by using a pre-defined/configured relationship between PUCCH repetition factor and Msg3 repetition factor
· Note: it is assumed that there is impact on DCI design
· Alt 3: CRC scrambling of DCI scheduling the Msg4 PDSCH
· One or two CRC bits other than bits scrambled by TC-RNTI is used for the dynamic indication, etc.
· Alt 4: Implicit mapping between Msg4 HARQ ACK repetition factor and indication of Msg3 PUSCH repetition with no re-interpreted field / new field (i.e. no change to DCI design)

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB at least when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured and the configured RSRP threshold is smaller than X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if measured RSRP is lower than a RSRP threshold.
· If the RSRP threshold is not configured, or if the configured RSRP threshold is X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· FFS: value of X (the maximum configurable value of the RSRP threshold)
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report



[bookmark: OLE_LINK73][bookmark: OLE_LINK74]This paper focuses on the implementation of PUCCH repetition for Msg4 HARQ-ACK and the TDW size of DMRS bundling. We expressed our views on the above problems and proposed corresponding solutions as alternatives.
Discussion 
NTN-specific PUSCH DMRS bundling
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The initial timing error at the beginning of TDW must be considered. The effective length of the TDW is affected by the initial timing error and the delay drift accumulated over time. If there is an initial timing error, the duration of the TDW needs to be evaluated on this basis, which will inevitably affect the gain from DMRS bundling.
Observation 1: The initial timing error at the beginning of TDW must be considered.
The segment duration of UL transmission configured by the network should be strictly consistent with the length of the TDW, to ensure that frequency pre-compensation update is performed at the beginning of each TDW to eliminate the initial timing error.
Proposal 1: The segment duration of UL transmission should be strictly consistent with the length of the TDW to guarantee the pre-compensation update is aligned.
The effect of phase difference varies according to the modulation mode as shown in Table 1. When the phase error accumulated over time exceeds the tolerance of the corresponding modulation mode, the demodulation signal error will be caused. Signals that are not satisfied with the phase tolerance will bring negative benefits when merging.
[bookmark: _Ref131432185]

Table 1: The phase error tolerance of different modulation modes
	Modulation mode
	Phase difference tolerance

	BPSK
	π

	QPSK
	π/2

	16QAM
	π/2

	64QAM
	π/4

	256QAM
	π/8



Observation 2: The limitation of phase difference is affected by modulation mode.
Proposal 2: Consider suitable TDW length for different modulation mode.

PUCCH repetition for Msg4 HARQ-ACK
How to indicate the repetition request or capability report for Msg4 HARQ-ACK can reuse existing mechanism as Msg3 in which different preamble resource is used. Resources combination of preamble resources can be used to resolve the preamble resources are further divided. The preamble resources for Msg3 and Msg4 HARQ-ACK can be combined to indicate the UL repetition request or capability report. According to our simulation evaluation as shown in Table 2, the demodulation threshold of MSG4 HARQ-ACK is significantly lower than that of Msg3. Msg3 repetition indication with a higher demodulation threshold trigger repetition requests or capability reports. When a preamble resource is used to indicate the repetition request or capability report for Msg3, it means that MSG4 HARQ-ACK need to indicate the repetition request or capability report as well. No additional repetition indication for MSG4 HARQ-ACK is required at this time. If repetition request or capability report for Msg4 HARQ-ACK is indicated by Msg3, an additional signaling needs to be added. Additional signaling added to Msg3 requires not only considerable specification modification, but also a reassessment of its coverage performance. 
Observation 3: Additional signaling added to Msg3 used for MSG4 HARQ-ACK repetition request or capability report will causes significant impact to existing specification.
Proposal 3: Reuse existing mechanism of separating PRACH resource to indicate repetition request or capability report for Msg4 HARQ-ACK.
Proposal 4: The preamble resources for Msg3 and Msg4 HARQ-ACK can be combined to indicate the UL repetition request or capability report to save preamble resources.

Compared with UE measurement, the results of gNB measurement are more reliable. Requests based on UE measurements can be used as a reference, but the repetition factor for MSG4 HARQ-ACK should be still determined by gNB, as the gNB can override the UE request based on gNB implementation. When the gNB indicates that the repetition factor is {1}, it means that even if the UE has the repetition capability, but the network side considers that it does not need to perform repetition.
Proposal 5: The repetition factor for MSG4 HARQ-ACK should be determined by gNB.
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Table 2 Demodulation threshold of Msg4 HARQ-ACK and Msg3
	Rep_num
	Msg3（10-2）
	Msg4 HARQ-ACK（10-2）

	1
	0.4 dB
	-8.9 dB

	2
	-2.4dB
	-12.8dB

	4
	-5.3dB
	-16.1dB

	8
	-8.3dB
	-19.4dB

	16
	-11.3dB
	N/A



In our opinion, the channel quality will not change dramatically during random access. The repetition factor of Msg4 HARQ-ACK can establish a corresponding relationship with Msg3, which can be preconfigured according to the simulation results as shown in Table 2. At this time, the indication for Msg3 repetition factor can also be used to indicate the repetition factor of MSG4 HARQ-ACK. This scheme can minimize spec changes. The repetition factor of Msg3 is configured as {1,2,4,8,16}, and corresponding repetition factor of Msg4 HARQ-ACK is configured as {1,1,1,1,2}.When field in DCI is used for dynamic indication of repetition factor for Msg4 HARQ-ACK，existing fields are difficult to reuse, and adding additional field affects the DCI design which will involve a massive revision of the existing spec. Changing CRC scrambling of DCI scheduling the Msg4 PDSCH will lead to high impact on complexity.
Observation 4: Using a DCI field for dynamic indication of repetition factor for Msg4 HARQ-ACK will bring excessive work on DCI design.
Proposal 6: Implicit mapping between Msg4 HARQ ACK repetition factor and indication of Msg3 PUSCH repetition can be used for dynamic indication of repetition factor from gNB with minimize spec changes.
We think that Msg4 HARQ-ACK does not need an additional threshold of the RSRP and use the same RSRP threshold as R17 Msg3 repetition. Firstly, we do not believe that the channel condition will change significantly during access. Secondly, the RSRP threshold is used to determine whether the UE is sending repetition request or capability report. Even in some cases, UE requiring Msg3 repetition does not necessarily needs Msg4 PUCCH repetition. UE will send repetition requests for both Msg3 and Msg4 HARQ-ACK because they use the same threshold, but the repetition factor will be determined according to the implicit mapping between Msg4 HARQ ACK and Msg3, which will not affect the system implementation.
Proposal 7: The same RSRP threshold is used for PUCCH repetition for Msg4 HARQ-ACK as R17 Msg3 repetition. 
1 Conclusion
In view of the problems of coverage enhancement left over in the last meeting, we have the following suggestions:
Proposal 1: The segment duration of UL transmission should be strictly consistent with the length of the TDW.
Proposal 2: Consider suitable TDW length for different modulation mode.
Proposal 3: Reuse existing mechanism of separating PRACH resource to indicate repetition request or capability report for Msg4 HARQ-ACK.
Proposal 4: Preamble resources combination can be used to save preamble resources.
Proposal 5: The repetition factor for MSG4 HARQ-ACK should be determined by gNB.
Proposal 6: Implicit mapping between Msg4 HARQ ACK repetition factor and indication of Msg3 PUSCH repetition can be used for dynamic indication of repetition factor from gNB with minimize spec changes.
Proposal 7: The same RSRP threshold is used for PUCCH repetition for Msg4 HARQ-ACK as R17 Msg3 repetition. 
Meanwhile some observations are listed as follows:
Observation 1: The initial timing error at the beginning of TDW must be considered.
Observation 2: The limitation of phase difference is affected by modulation mode.
Observation 3: Additional signaling added to Msg3 used for MSG4 HARQ-ACK repetition request or capability report will causes significant impact to existing specification.
Observation 4: [bookmark: _GoBack]Using a DCI field for dynamic indication of repetition factor for Msg4 HARQ-ACK will bring excessive work on DCI design. 
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