Page 1
3GPP TSG RAN WG1 #113			R1-2305278
Incheon, Korea, May 22nd – May 26th, 2023

[bookmark: Source]Agenda item:	9.16.5
Source:	Apple Inc.
Title:	On UE Features for Rel-18 NR NTN Enhancements
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
The Release-18 NR NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #96e meeting [2]. RAN1-related objectives are shown below.

Coverage enhancement:
· 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]

Network verified UE location:
· Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.

In this contribution, we discuss the UE features on NR NTN enhancements and give our proposals.
Discussion on NR NTN UE features
For NR NTN coverage enhancement objective, there are two tasks: PUCCH enhancements for Msg 4 HARQ-ACK and enhancements for DMRS bundling for PUSCH taking into account NTN-specifics. 

For PUCCH enhancements for Msg4 HARQ-ACK, the main scheme designed in RAN1 is PUCCH repetition. This includes UE sending repetition request or capability report to gNB to indicate either it has PUCCH repetition capability for Msg4 HARQ-ACK or it additionally requests PUCCH repetition for Msg4 HARQ-ACK based on its own downlink RSRP measurements. This repetition request or capability report is via Msg3 PUSCH higher layer signaling based on working assumption. If more than one repetition factor is configured by network, network will dynamically indicate the number of repetitions for Msg4 HARQ-ACK to a UE. 

Overall, we propose to define a new UE feature group of PUCCH repetition for Msg4 HARQ-ACK. The components of this FG include UE sending repetition request or capability report to gNB; UE receiving repetition factor from gNB and applying it to PUCCH repetition for Msg4 HARQ-ACK. 

Proposal 1: Define a UE FG of PUCCH repetition for Msg4 HARQ-ACK, including the following components
· Send repetition request or capability report to gNB.
· Receive repetition factor from gNB and apply it to PUCCH repetition for Msg4 HARQ-ACK. 

For enhancements for DMRS bundling for PUSCH taking into account NTN-specifics, it was agreed [3] that for NTN-specific PUSCH DMRS bundling, gNB-centric TDW determination is supported where nominal TDW is determined based on gNB configuration and actual TDW is determined based on gNB configuration/indication. 

To facilitate gNB configuration of nominal TDW and actual TDW, UE needs to report its capability on pre-compensation to keep phase rotation within the phase difference limit, as well as its capability on TA pre-compensation update within an actual TDW. Both capabilities may be reflected in the form of the maximum number of slots, in which UE could pre-compensate to keep phase rotation within the phase difference limit and keep timing error within the timing error limit. Hence, we propose to define a new UE feature group of enhanced DMRS bundling for PUSCH taking into account NTN-specifics. 

Proposal 2: Define a UE FG of enhanced DMRS bundling for PUSCH taking into account NTN-specifics, including the following component
· Report its capability of pre-compensation to keep phase rotation within the phase difference limit and its capability of TA pre-compensation update within an actual TDW. 

For the objective of network verified UE location, the existing RAN1 discussions focus on multi-RTT positioning method. There are no discussions on DL-TDoA positioning method. Hence, we propose to define a new UE feature group of supporting network verified UE location based on multi-RTT. 

According to the existing RAN1 agreements, the legacy definition of UE Rx-Tx time difference does not fit for NTN case. A new definition of UE Rx-Tx time difference is being actively discussed. Here, UE needs to measure UE Rx-Tx time difference based on the new definition for NTN. This measurement needs to be reported to LMF for its verification of UE location. Hence, the new UE feature should include a component of “measure UE Rx-Tx time difference based on the definition for NTN and report the measured UE Rx-Tx time difference to LMF. 

Proposal 3: Define a UE FG of supporting network verified UE location based on multi-RTT, including the following component
· Measure UE Rx-Tx time difference based on the definition for NTN and report it to LMF. 

Summary
In this contribution, we discuss the Rel-18 NR NTN enhancement UE capability, and have the following proposals:

Proposal 1: Define a UE FG of PUCCH repetition for Msg4 HARQ-ACK, including the following components
· Send repetition request or capability report to gNB.
· Receive repetition factor from gNB and apply it to PUCCH repetition for Msg4 HARQ-ACK. 

Proposal 2: Define a UE FG of enhanced DMRS bundling for PUSCH taking into account NTN-specifics, including the following component
· Report its capability of pre-compensation to keep phase rotation within the phase difference limit and its capability of TA pre-compensation update within an actual TDW. 

Proposal 3: Define a UE FG of supporting network verified UE location based on multi-RTT, including the following component
· Measure UE Rx-Tx time difference based on the definition for NTN and report it to LMF. 
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