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Introduction
In RAN#99, the revised WID on NR NTN (Non-Terrestrial Networks) enhancements is approved in [1].
	4.1.1	Coverage enhancement
The Rel-18 NTN objectives are focused on the applicability of the “solutions developed by general NR coverage enhancement” (NR_cov_enh) to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). 
The following reference scenario is considered for the definition of uplink coverage enhancements for NTN: parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5.5 dBi antenna gain and 3 dB polarization loss (per antenna port). 
Note: It is understood that the enhancements defined for LEO can also apply to GEO and MEO scenarios as appropriate. No additional work is expected for MEO/GEO.
The targeted services are VoIP using AMR 4.75 kbps and data transmission services with Low data rate of 3 kbps.

The detailed objectives are for NTN:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g., repetition) [RAN1, RAN4]
· To specify if necessary, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g., time-frequency pre-compensation) [RAN1]



In this contribution, we share our initial views on coverage enhancements to NR over NTN.

PUCCH for Msg4 HARQ-ACK
In RAN1#112bis-e, the following working assumption on PUCCH repetition for Msg4 HARQ-ACK had been achieved [2].
	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

Send an LS to RAN2 at RAN1#113 to provide details of “repetition request or capability report”, to ask the feasibility of Option B, and if feasible, to specify the details of Option B.



Signaling for repetition request or capability report
In last meeting, as mentioned above in working assumption, Option A “PRACH preamble and/or occasion” was excluded. In our opinion, Option A shouldn’t be excluded. In other words, Option A should be an alternative of Option B if RAN2 doesn’t support Option B. 
Proposal 1: If Option B is infeasible for RAN2, Option A should be the only solution for repetition request or capability report and the detailed should be discussed. The working assumption should be revised as below.
	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

Send an LS to RAN2 at RAN1#113 to provide details of “repetition request or capability report”, to ask the feasibility of Option B, and if feasible, to specify the details of Option B.
· If Option B is infeasible from RAN2 perspective, Option A is supported instead.



If RAN2 think Option B is feasible, firstly we share our opinion about Option B.
[bookmark: _Hlk131499894]For Option B, Msg3 carries the RRC signaling RRCSetupRequest, which has one spare bit that can be used for repetition request of PUCCH for Msg4 HARQ-ACK. Besides, as shown in table 2.1.1 which from TS 38.321 [3], there are some reserved LCID/eLCID can be indicated for repetition request or repetition capability.
Table 2.1.1: Values of LCID for DL-SCH
	Codepoint/Index
	LCID values

	0
	CCCH

	1–32
	Identity of the logical channel of DCCH, DTCH and multicast MTCH

	33
	Extended logical channel ID field (two-octet eLCID field)

	34
	Extended logical channel ID field (one-octet eLCID field)

	35–46
	Reserved

	47
	Recommended bit rate

	48
	SP ZP CSI-RS Resource Set Activation/Deactivation

	49
	PUCCH spatial relation Activation/Deactivation

	50
	SP SRS Activation/Deactivation 

	51
	SP CSI reporting on PUCCH Activation/Deactivation

	52
	TCI State Indication for UE-specific PDCCH

	53
	TCI States Activation/Deactivation for UE-specific PDSCH

	54
	Aperiodic CSI Trigger State Subselection

	55
	SP CSI-RS/CSI-IM Resource Set Activation/Deactivation

	56
	Duplication Activation/Deactivation

	57
	SCell Activation/Deactivation (four octets)

	58
	SCell Activation/Deactivation (one octet)

	59
	Long DRX Command

	60
	DRX Command

	61
	Timing Advance Command

	62
	UE Contention Resolution Identity

	63
	Padding



Proposal 2: If Option B is feasible, UE can directly report the request of repetition and/or capability through RRC signaling and reserved LCID/eLCID.
If Option B is infeasible, we think the most important issue for Option A is how to avoid further fragment. If configure a group of preambles for repetition request of PUCCH for Msg4 HARQ-ACK, the total preambles will be divided into four groups as shown in Figure 1. It is no doubt that leads to further fragmentation of PRACH resources.
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Figure 1: Preambles for different use case
As shown in Figure 2, there is a joint indication mechanism of repetition request for these two channels. The preambles configured for Msg3 repetition could also request repetition of PUCCH for Msg4 HARQ-ACK. But there is a situation that when Msg3 doesn’t need repetition, PUCCH for Msg4 HARQ-ACK may still need repetition. Hence, we think it is necessary that PRACH resource partitioning for PUCCH repetition request/report.
[image: ]
Figure 2: Joint indication mechanism of Msg3 and PUCCH
Proposal 3: If Option B is infeasible, for Option A, it is necessary for PRACH resource partitioning for PUCCH and how to avoid further fragmentation of PRACH resources needs to be considered.

Dynamic indication by gNB
RAN1#112bis-e had achieved agreements as follows:
	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.
· [bookmark: _Hlk134735588]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



We will share our opinion on Alt 1-1.
For Alt 1-1a, there are 5 bits of MCS field in DCI scheduling the Msg4 PDSCH. We have noted that, in NTN scenario, the link budget is low so that the modulation order and the coding rate for transmission of Msg4 in NTN does not need to be large. Therefore, the 3LSB of MCS field maybe enough for Msg4 transmission and the 2MSB can be used for dynamic indication of repetition factors (2,4,8). In R17, 2 MSB of MCS field in DCI format 0_0 had been used for dynamic indication of Msg3 PUSCH repetition. So, Alt1-1a is preferred.
For Alt 1-1b, in the current specification, using PRI field for dynamic indicator would seriously restrict the flexibility of resource assignment for network in FDD. Alt1-1b is not preferred.
For Alt 1-1c, 4-bit HARQ process number field supports 16 HARQ process in total for the UE. If 2bits are used for dynamic indicator, there are only 4 HARQ process available which would seriously affect the flexibility for HARQ process configuration and throughput of network. Alt1-1c is not preferred.
For Alt 1-1d, there are 2bits in DAI field using for indicator of HARQ codebook, such as semi-static codebook or dynamic codebook. To keep flexibly, Alt 1-1d is not preferred.
For Alt 1-1e, reinterpret the 3-bit PDSCH-to-HARQ_feedback would constrain UL scheduling. Alt 1-1e is not preferred.

Proposal 4: Alt 1-1a should be considered as a solution of dynamic indication.
Considering that the coverage area of an NTN cell is larger than TN, the coverage conditions of different UEs in different cells are expected to be quite diverse. In NTN scenario, one cell can contain one or more beams. The channel condition of these beams might be different. For example, as shown in Figure 3, a represents the minimum elevation angle and b represents central elevation angle of the farthest beam. It is clearly that elevation angles of the farthest beam are very different from that of the central beam which means UEs in different beams may need to perform different repetition values.
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Figure 3: Angles of different beams in one cell
To satisfy the repetition values of these UEs, in our view, a possible solution is that gNB configures different repetition values of PUCCH for Msg4 HARQ-ACK for different beams.

Proposal 5: Beam-level repetition value configuration of PUCCH for Msg4 HARQ-ACK can be considered.
DMRS bundling for PUSCH
During the RAN1#112bis-e, an agreement of NTN-specific PUSCH DMRS bundling had been achieved as shown below.
	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


We will share our opinion on TDW determination.
Without pre-compensation, timing error accumulate in long time transmission with large repetition number, which would cause the phase rotation. In other words, larger PUSCH repetition number may cause phase discontinuity.
As mentioned in section 1, the target scenario of uplink coverage enhancements for NTN is parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS). Because the channel condition is LOS, the distance between UE and satellite can represent the elevation angle. Long distance represents small elevation angle and shorter distance represents bigger elevation angle. When the distance between UE and satellite is long, e.g., small elevation angel, UE may need more repetitions. When elevation angel is 90 deg., the distance is shortest, so the repetition number is least.

Observation 1: UE of different angel need different repetition number.
Different elevation angles correspond to different changing rate of Doppler and timing drift. We think that different elevation angles could be associated with different TDW size. Considering that different elevation angel represent different repetition number, we can conclude that there might be a relationship between PUSCH repetition number and TDW size.

Proposal 6: TDW size should be associated with PUSCH repetition number through configuration by gNB. 
Conclusion
As summary, we have the following observations and proposals.
Observation 1: UE of different angel need different repetition number. 

Proposal 1: If Option B is infeasible for RAN2, Option A should be the only solution for repetition request or capability report and the detailed should be discussed. The working assumption should be revised as below.
Proposal 2: If Option B is feasible, UE can directly report the request of repetition and/or capability through RRC signaling and reserved LCID/eLCID.
Proposal 3: If Option B is infeasible, for Option A, it is necessary for PRACH resource partitioning for PUCCH and how to avoid further fragmentation of PRACH resources needs to be considered.
Proposal 4: Alt 1-1a should be considered as a solution of dynamic indication.
Proposal 5: Beam-level repetition value configuration of PUCCH for Msg4 HARQ-ACK can be supported.
Proposal 6: TDW size should be associated with PUSCH repetition number through configuration by gNB. 
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