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1. Introduction
From this RAN1 meeting, UE features for R18 NR NTN are discussed according to chair’s decision [1]. In this contribution, we share our further views on UE features for NR NTN enhancements.


2. Discussion
2.1. Coverage enhancement
2.1.1. PUCCH repetition for Msg4 HARQ-ACK
With respect to PUCCH for Msg4 HARQ-ACK, it was agreed that repetition is introduced to improve the bottleneck channel. For the repetition feature, we believe that all related behaviors should be included in a single FG; otherwise, it is quite difficult for gNB to accommodate various capability-types of UEs in a single NTN cell. We can reuse decision of R17 Msg3 repetition as a kind of baseline, where only a single FG, i.e., FG 30-6, is defined.
It is noted that the following aspects were agreed so far, including working assumptions.
· Repetition factor is configured via SIB.
· When only a single factor is configured, the repetition factor is applied without dynamic indication.
· When multiple factors are configured, a repetition factor from the list is indicated by Msg4 PDSCH scheduling DCI.
· UE transmits repetition request (with RSRP comparison) or capability report (without RSRP comparison) via Msg3 PUSCH. Details of repetition request or capability report are FFS
· Legacy frequency hopping for non-repetition case is reused per slot
Besides, the enhancement target is under discussion. Repetition may be applicable to any transmission by using common PUCCH, or may be limited to PUCCH transmission only for Msg4 HARQ-ACK. After further WI discussion or plenary discussion, some relevant part may need to be updated later.

Proposal 1: Define only a single FG for PUCCH repetition for Msg4 HARQ-ACK as follows.
	NR_NTN_enh
	
	PUCCH repetition for [Msg4 HARQ-ACK]
	1. Support of repetition of PUCCH transmission [scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI] when a single repetition factor is configured via SIB
2. Support of repetition of PUCCH transmission [scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI] when multiple repetition factors are configured via SIB and a repetition factor is indicated by the DCI
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling




2.1.2. PUSCH DMRS bundling in NTN
For PUSCH DMRS bundling in NTN, we believe that basically Rel-17 FGs (FGs 30-4/30-4a/30-4b/30-4c) can be used for NTN as well as TN since these FGs are per band or per band/BC and thus separate report between TN and NTN is already possible. There would be no need to define FGs for the same purpose. On the other hand, it was agreed in WI discussion that UE can perform pre-compensation to keep phase rotation due to timing drift within the phase difference limit. This is an NTN-specific UE behavior and thus corresponding capability would be necessary.
	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



Proposal 2: Reuse FGs 30-4/30-4a/30-4b/30-4c to report PUSCH DMRS bundling-related capability for NR NTN.

Proposal 3: Define a new FG to report whether to support pre-compensation to keep phase rotation due to timing drift within the phase difference limit, as follows.
	NR_NTN_enh
	
	Pre-compensation for PUSCH DMRS bundling in NTN
	Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit

	
	Yes
	N/A
	
	[Per band]
	N/A
	N/A
	N/A
	
	Optional with capability signalling




2.2. NW verified UE location
It was agreed that multi-RTT positioning framework with necessary enhancement is adopted to support the network verified UE location in NTN assuming a single satellite in in view. Regarding the multi-RTT positioning method in NTN, for the UE Rx-Tx time difference which is measured and reported by UE, following options are under discussion. 

	Agreement
For RTT determination in NTN, discuss further the accuracy, and reporting details of combinations of the following UE and gNB receive-transmit time difference measurements:
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 1: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted
· Alt-2: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 2: The LMF will use the time stamp of the PRS and the time stamp of SRS to calculate the time difference between the transmission of PRS and the reception of SRS
· Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4
      FFS: One or multiple SRS can be used in determining the arrival time
      FFS: Additional enhancement including additional information to be reported, if justified
Note 3: The impact of UE autonomous adjustment of TA (when applied) should be taken into account
Note 4: The gNB Rx-Tx time difference option in the above alternatives may need updates accordingly based on the outcome of discussion on reference point for the gNB Rx – Tx time difference
Agreement
Select one (or more) of the following options for enhancing UE Rx-Tx time difference in NTN
· Option 1: The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP.
For a Transmission Point 
· TUE-RX is the UE received timing of downlink subframe #i from this Transmission Point (TP), defined by the first detected path in time.
· TUE-TX is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP
· One or multiple DL RS for positioning, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
· Option 2:
· For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
· FFS: details of report and the definition of UE Rx-Tx time difference    
· Option 3: The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on one of the following options: 
· Option 3-1: This offset is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of transmit timing of uplink subframe #i and receive timing of downlink subframe#i
· Option 3-2: UE report the index of the subframe j that is closest in time to the subframe #i received from the TP and LMF can derive the offset
· Option 3-3: TA report which corresponds to the time difference of received timing of downlink subframe #i and transmit timing of uplink subframe#i rounding up to slot granularity.
· Option 4: 
· UE Rx – Tx time difference TUE-RX – TUE-TX can be directly derived from timing advance TTA 
· FFS: the granularity and the reporting range of TA.
· Note: This implies that the existing framework for Multi-RTT positioning report can be used without need to specify a new TA report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account



It is obvious that legacy definition of UE Rx-Tx time difference cannot be directly reused considering the large propagation delay in NTN scenario. Thus, enhancement for UE Rx-Tx time difference in NTN is necessary, e.g., additional information report, or NTN specific new definition. With consideration of enhancement for UE Rx-Tx time difference in NTN, a new FG will be needed. Meanwhile, as the legacy multi-RTT framework is generally reused, Rel-16/17 UE features related to multi-RTT positioning (e.g., FGs 13-1/13-4/13-4a/13-4b/13-8/etc.) can also be reused, and there’s no need to define new FG for NTN with the same function as Rel-16/17 FGs. 
Proposal 4: Define a new FG for UE Rx-Tx time difference report in NR NTN, as follows.
	NR_NTN_enh
	
	Enhanced UE Rx-Tx Measurement Report for Multi-RTT in NTN
	Support of enhanced UE Rx-Tx time difference measurement and report for multi-RTT in NTN.

	
	No
	N/A
	
	Per UE
	N/A
	Yes
	N/A
	
	Optional with capability signalling




3. Conclusion
In this contribution, we presented our views regarding remaining issues on Rel-18 UE features for NR NTN enhancements. Based on the discussion in this contribution, following proposals were made.
Proposal 1: Define only a single FG for PUCCH repetition for Msg4 HARQ-ACK as follows.
	NR_NTN_enh
	
	PUCCH repetition for [Msg4 HARQ-ACK]
	1. Support of repetition of PUCCH transmission [scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI] when a single repetition factor is configured via SIB
2. Support of repetition of PUCCH transmission [scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI] when multiple repetition factors are configured via SIB and a repetition factor is indicated by the DCI
	
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling



Proposal 2: Reuse FGs 30-4/30-4a/30-4b/30-4c to report PUSCH DMRS bundling-related capability for NR NTN.

Proposal 3: Define a new FG to report whether to support pre-compensation to keep phase rotation due to timing drift within the phase difference limit, as follows.
	NR_NTN_enh
	
	Pre-compensation for PUSCH DMRS bundling in NTN
	Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit

	
	Yes
	N/A
	
	[Per band]
	N/A
	N/A
	N/A
	
	Optional with capability signalling



Proposal 4: Define a new FG for UE Rx-Tx time difference report in NR NTN, as follows.
	NR_NTN_enh
	
	Enhanced UE Rx-Tx Measurement Report for Multi-RTT in NTN
	Support of enhanced UE Rx-Tx time difference measurement and report for multi-RTT in NTN.

	
	No
	N/A
	
	Per UE
	N/A
	Yes
	N/A
	
	Optional with capability signalling
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