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1	Introduction
[bookmark: _Hlk94878371]A work item for enhancements of NR NTN was approved at RAN#94-e and the latest WID was updated in  RAN#97-e meeting [1]. Coverage enhancement part has been concluded in RAN#97 on RAN1 objectives, while RAN2 objectives are expected to be concluded in this meeting. Furthermore, a RAN study on network verified UE location was approved in [2] which is also expected to be concluded in this meeting.
In this contribution, we provide our views on both the need of RAN2 items for NR NTN coverage enhancement and the need of RAT dependent position methods for NR NTN UE location verification according to the agreements and conclusions reached in working group meetings.
[bookmark: _Ref178064866]2	Discussion
2.1 Coverage enhancement in NR NTN
In the latest WID, as is highlighted in following table, RAN2 study for NTN specific coverage enhancement was performed in Q4 2022, with respect to whether there is any need to reduce the RAN protocol overhead for VoNR:
	[bookmark: _Hlk120695033]Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope):

· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4]
· VoIP and low-data rate services for commercial handset terminals
[bookmark: _Hlk90207880]The following items are shown as examples of areas to consider in the RAN2 study.

· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR
· NOTE: Intent is not to introduce a new codec.

[bookmark: _Hlk86407239]RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be further updated.


With RAN#98 being the check point for RAN2 items which are mainly related to the study of RAN protocol overhead reduction for VoNR, RAN needs to conclude whether there is any RAN2-specific work that needs to proceed into the normative phase based on the latest RAN2 agreements. The following agreements were made in RAN2 #120 meeting on this topic [3]:
	Agreements:
1. RAN2 doesn’t consider using shorter PDCP SN for VoNR in NTN.
2. Using RLC TM mode for VoNR in NTN is not supported.
3. RAN2 doesn’t consider MAC enhancement to reduce MAC header size for VoNR in NTN.

Agreements:
1. RAN2 will not specify signalling whereby the RAN knows the UE’s frame aggregation information in a voice packet


Taking the above RAN2 agreements as the study phase outcome from RAN2, it is clearly observed that RAN2 does not identify the need to support any form of RAN protocol overhead reduction in the normative work for VoNR. 
[bookmark: _Toc121142763]According to RAN2 agreements, RAN2 does not identify any form of RAN protocol overhead reduction mechanism that needs to be supported in normative work for coverage enhancement of VoNR in NR NTN.
According to the observation, we ask RAN plenary to confirm that no need of RAN2 work for coverage enhancement specific to VoNR in NTN in the normative phase and the related descriptions for the study phase in the WID can be removed. 
[bookmark: _Toc121142766]RAN to confirm that there’s no need of RAN2 work for coverage enhancement specific to VoNR in Rel-18 NR NTN normative phase and the descriptions for the related study phase can be removed from the WID.
In RAN#111 meeting, it has been concluded that DMRS bundling can be applicable in NTN for VoIP coverage enhancement. Therefore, we propose to include NTN specific enhancements of DMRS bundling in the revised WID.
	Conclusion
· For the study of NTN-specific PUSCH DMRS bundling, RAN1’s understanding is that Phase variation due to constant frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-1 does not have impact on the phase continuity requirement for two adjacent slots specified as Table 6.4.2.5-1 in 38.101-1, according to annex F.9 and F.4 of 38.101-1.
Conclusion
· RAN1 concluded that PUSCH DMRS bundling with sufficient TDW size should be applicable in NTN to meet the performance requirement for VoIP
· FFS: How to determine TDW size, including UE capability.
· Note: The above does not mean the performance requirements will be satisfied with DMRS bundling


[bookmark: _Toc121142767]Support DMRS bundling for VoIP coverage enhancement in NTN and specify necessary NTN specific enhancements identified.
According to above discussions, we propose to revise the objective in section 4.1.1 of the WID as indicated in table 1, update the DMRS bundling related text and remove the text related to RAN2 items for coverage enhancement.
[bookmark: _Toc121142768]Revise the WID objective in section 4.1.1 of the WID for NR NTN coverage enhancement according to the text proposal provided in table 1.
Table 1. Text proposal to revise the WID [1] for NR NTN coverage enhancement
	4.1.1	Coverage enhancement
**** unchanged text omitted ***
The detailed objectives are for NTN:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To study specify DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1]

Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope):

· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4]
· VoIP and low-data rate services for commercial handset terminals
The following items are shown as examples of areas to consider in the RAN2 study.

· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR
· NOTE: Intent is not to introduce a new codec.

RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be further updated.


2.2 UE location verification in NR NTN
According to the latest WID of Rel-18 NR NTN enhancement, RAN should determine in this meeting whether the study has identified any need for Network verified UE location specification support in NTN.
	[bookmark: _Hlk89953816]Pending on the conclusion of the RAN SI FS_NR_NTN_netw_verif_UE_loc study item, study and evaluate, if needed, solutions for network to verify UE reported location information [RAN2,RAN1,RAN3].

[bookmark: _Hlk86407450][bookmark: _Hlk102684345]RAN is expected to determine by RAN#98 whether the study has identified any need for Network verified UE location specification support in Rel-18.


In RAN1 #111 meeting, following conclusions have been made on 2 methods, i.e. DL-TDoA and multi-RTT, for UE location verification in NR NTN.
	Conclusion:
For network verification of UE location in NR NTN with single satellite in view with multi-RTT positioning: 
· From RAN1 perspective, if the UE’s Rx-Tx time difference measurements report can be assumed to be trusted, multi-RTT positioning method using Rx-Tx time difference measurements can meet the accuracy requirement of less than 10km with 90% confidence, in case of:
· At least LEO600 based deployment
· Earth fixed cells
· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RTT measurements
· Note: the required over-the-air latency reported in evaluations ranged from less than 10s up to 180s
Conclusion:
For network verification of UE location in NR NTN with single satellite in view with DL-TDOA positioning: From RAN1 perspective, if the UE’s RSTD measurements report can be assumed to be trusted, DL-TDOA positioning method can meet the accuracy requirement of less than 10km with 90% confidence, in case of:
· At least LEO600 based deployment
· Earth fixed cells
· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RSTD measurements
Note 1: the above is based on evaluation results that didn’t account for UE Clock drift
Note 2: the required over-the-air latency reported in evaluations ranged from less than 20s up to 180s
Note 3: The requirements of Network verification of UE location may not be met if realistic assumption on UE clock drift is considered.
Conclusion:
For network verification of UE location in NR NTN based on multi-RTT using UE RX-TX time difference report, if the UE reports needed to perform multi-RTT can be assumed to be trusted, existing multi-RTT framework may be reused with potential enhancements to adapt it to NTN context. This may include, but not limited to:
· If justified: NTN-specific definition of UE RX-TX time difference, including as an example, potential modifications to UE Rx – Tx time difference to enable network verification of UE location without introducing any additional measurements at the UE (with respect to Rel-17 NTN)
· The following is not precluded: the UE Rx – Tx time difference is defined as TUE-RX – TUE-TX, where TUE-RX – TUE-TX is directly derived from the timing advance TTA applied by the UE at a given subframe.
· Above does not imply that the relevant work is prioritized.
· Other assistance data (e.g. ephemeris) to be transferred from gNB to the LMF.
· If justified: Other assistance data (e.g. to resolve ambiguity on mirror position issue) to be transferred from UE to LMF
· If justified: Adaptations enabling Rx-TX measurements for Multi-RTT involving multiple cells within the same satellite
For network verification of UE location in NR NTN based on DL-TDOA positioning, if the UE reports needed to perform DL-TDOA positioning can be assumed to be trusted, existing DL-TDOA positioning framework may be reused with potential enhancements to adapt it to NTN context.


As can be seen, both DL-TDoA and multi-RTT methods with single satellite can work with different latency requirements. For UL-TDoA, there’s no conclusion in RAN1 given it is not evaluated by many companies and it also requires uplink TA report enhancement.
In RAN2 #120 meeting, following agreement has been made regarding latency requirement of UE location verification. As can be seen, latency would be not a problem since UE can do the verification after RRC connection, which means that the latency assumed in the study of the RAT dependent positioning methods are valid. 
	Agreements:
1.	From RAN2 point of view, assuming the NW may allow the UEs access to services before verifying the UE reported location, the latency of the NW verification can be handled by the NW.



[bookmark: _Toc121142764]Both DL-TDoA and multi-RTT methods can work with proper latency for UE location verification in NTN.
[bookmark: _Toc121142765]Value range of latency assumed for studying DL-TDoA and multi-RTT methods is valid for UE location verification in NTN which can be performed after RRC connection.
From the conclusions made in RAN1, it can also be observed that multi-RTT method in NTN would require many potential enhancements compared to multi-RTT method in TN, while no additional NTN-specific enhancement for DL-TDoA method is observed in RAN1. Furthermore, DL-TDoA only depends on DL reference signal which has better coverage than UL reference signals which are required by UL-TDoA method. On top of above, this topic has limited TU meaning that supporting a simple method that does not require much spec impact would be preferred. 
According to above, if necessary, DL-TDoA method is preferable for UE location verification in NTN with the assumption that DL-TDoA method applied in TN is reused as much as possible. Relevant text in the WID can be updated accordingly. 
On the other hand, it is also fine, in our view, to not introduce any RAT dependent positioning methods in NTN and rely on the implementation, e.g. beam management to determine roughly whether the UE location based on GNSS is reliable or not.
[bookmark: _Toc121142769]For UE location verification in NTN in NR Rel-18, RAN to confirm that no normative work is needed or to confirm to support only DL-TDoA method with the assumption that existing mechanism is used as much as possible.
3 Conclusion
In the previous sections we made the following observations: 
Observation 1	According to RAN2 agreements, RAN2 does not identify any form of RAN protocol overhead reduction mechanism that needs to be supported in normative work for coverage enhancement of VoNR in NR NTN.
Observation 2	Both DL-TDoA and multi-RTT methods can work with proper latency for UE location verification in NTN.
Observation 3	Value range of latency assumed for studying DL-TDoA and multi-RTT methods is valid for UE location verification in NTN which can be performed after RRC connection.
Based on the observations and discussions, we propose the following:
Proposal 1	RAN to confirm that there’s no need of RAN2 work for coverage enhancement specific to VoNR in Rel-18 NR NTN normative phase and the descriptions for the related study phase can be removed from the WID.
Proposal 2	Support DMRS bundling for VoIP coverage enhancement in NTN and specify necessary NTN specific enhancements identified.
Proposal 3	Revise the WID objective in section 4.1.1 of the WID for NR NTN coverage enhancement according to the text proposal provided in table 1.
Proposal 4	For UE location verification in NTN in NR Rel-18, RAN to confirm that no normative work is needed or to confirm to support only DL-TDoA method with the assumption that existing mechanism is used as much as possible.
[bookmark: _In-sequence_SDU_delivery]
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