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UE feature for NR NTN coverage enhancement
UE feature for PUCCH repetition
In RAN1#112 [3] and 112bis-e [2], following agreements and working assumptions are made with respect to PUCCH repetition for Msg4 HARQ-ACK in NR NTN. 
	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

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.

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.


Based on RAN1 agreements, PUCCH repetition request or capability reporting is based on early reporting during the RACH procedure. Currently, RAN1’s working assumption is based on higher layer signalling in Msg3. In this sense, there is no need to define a dedicated capability signalling in RRC signalling considering the gNB can get the UE’s capability with respect to the repetition of PUCCH of Msg4 through the Msg3.

Proposal 1: No need to define UE capability signalling in RRC layer for repetition of PUCCH for Msg4 HARQ-ACK, considering the capability is reported in Msg3 during the RACH procedure.
	
UE feature for PUSCH DMRS bundling
Following agreements and working assumptions are made with respect to DMRS bundling for PUSCH repetitions in NR NTN.
	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
Final LS is endorsed in R1-2304094 with the following revision to the action:
ACTION: RAN1 respectfully asks RAN4 to take the above RAN1 observations and agreement working assumption into account.

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


Besides original Rel-17 UE feature for DMRS bundling, new UE feature should be introduced to support the DMRS bundling in NTN considering more requirement may be needed on UE in NTN, e.g. as agreed in the working assumption, to pre-compensate the phase rotation due to the time drift. 
UE should report to gNB the capability of performing pre-compensation to keep phase rotation due to timing drift within the phase difference limit as agreed by RAN1. Besides, for the agreed gNB-centric TDW determination, UE should report to gNB the information impacting the TDW size, such as the antenna switching interval for the determination of actual TDW at gNB side. However, it is FFS on whether this information is part of capability signalling or defined as assistance information. 
To conclude, we have the following proposal.
Proposal 2: New UE capability is introduced for PUSCH DMRS bundling in NTN, considering at least the following components:
· The capability of pre-compensation of phase difference to keep phase rotation due to timing drift within the phase difference limit;
· The information impacting on UE’s supported TDW size in NTN e.g. considering antenna switching interval etc.
· FFS: whether this information is reported as UE capability or UE assistance information

UE feature for NTN network verified location
In RAN#99[1], the objectives on network verified UE location for NR NTN was made in the WID:
	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.

Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4 : Multiple satellite in view by the UE may be considered if time allows
Note 5 : The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6 : The enhancements should take into account the mirror-image ambiguity
Note 7 : Network verified UE location is an optional UE feature



According to the revised WID, Multi-RTT positioning is considered with higher priority to support network verified UE location in NTN. Therefore, the feature of network verified UE location should at least support Multi-RTT positioning in NTN. 

Proposal 3: The UE feature of network verified UE location should at least include the component of Multi-RTT positioning.

Conclusion
According to the above discussions, we have the following proposals:
Proposal 1: No need to define UE capability signalling in RRC layer for repetition of PUCCH for Msg4 HARQ-ACK, considering the capability is reported in Msg3 during the RACH procedure.
Proposal 2: New UE capability is introduced for PUSCH DMRS bundling in NTN, considering at least the following components:
· The capability of pre-compensation of phase difference to keep phase rotation due to timing drift within the phase difference limit;
· The information impacting on UE’s supported TDW size in NTN e.g. considering antenna switching interval etc.
· FFS: whether this information is reported as UE capability or UE assistance information
Proposal 3: The UE feature of network verified UE location should at least include the component of Multi-RTT positioning.


Reference
[1] R1-2304244 Summary EOM on 9.9.1 Coverage enhancement for NR NTN.
 

