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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#96 meeting, WID (NR NTN (Non-Terrestrial Networks) enhancements) was approved [1]. Regarding coverage enhancement, the objectives are listed below:
	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 next step of the study. The actual items for study will be based on the evaluation of coverage issues specific to NTN identified above.

· NTN-specific repetitions enhancements beyond techniques covered in Rel-17 CovEnh WI for the relevant channels
· NTN-specific techniques for improved diversity and/or reduced polarization loss
· 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 updated.


In this document, we analyze the potential impacts which may be brought be coverage enhancement in NTN and observations as well as proposals are provided.
Discussion
In Rel-17, MSG3 repetition was supported in RAN2 both in TN and NTN. In order to identify which UE initiates RACH procedure for MSG3 repetition, the network reserves RACH resources, i.e. Preamble or RO, for MSG3 repetition purpose [2]. And one RSRP threshold for Msg3 repetition is defined. The UE selects the RACH resources for MSG3 repetition when the measured RSRP of the downlink pathloss reference is lower than the configured RSRP threshold. Multiple repetition numbers are specified to achieve configuration flexibility and better resources utilization. The network indicates the repetition number via the 2 MSBs of the MCS field in the RAR UL grant or in the DCI from a set of four values [3]. Correspondingly, the contention resolution window is postponed to be started after the last repetition of MSG3 repetition. 
Regarding Msg3 repetition in NTN, it was agreed in RAN2#118 meeting that Msg3 repetition is supported in Rel-17 NTN [4]. One offset, i.e. UE-gNB RTT, is added to compensate the RTT delay. And this has been captured in current MAC specification [5].
	Once Msg3 is transmitted the MAC entity shall:
1>	if the Msg3 transmission (i.e. initial transmission or HARQ retransmission) is scheduled with Type A PUSCH repetition:
2>	if Msg3 is transmitted on a non-terrestrial network:
3>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of all repetitions of the Msg3 transmission plus the UE-gNB RTT.
2>	else:
3>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of all repetitions of the Msg3 transmission.
1>	else if Msg3 transmission (i.e. initial transmission or HARQ retransmission) is transmitted on a non-terrestrial network:
2>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of the Msg3 transmission plus the UE-gNB RTT.
1>	else:
2>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of the Msg3 transmission.


[bookmark: _Toc110844066]Observation 1: Rel-17 Msg3 repetition which is introduced in coverage enhancement has been captured in Rel-17 NTN.
2.1	TAR
For TA report during RACH procedure, there was lots of discussion in Rel-17 NR NTN, and the following agreements were achieved:

1. Do not mandate Msg3/MsgA or Msg5 to include TA report MAC CE, and whether it can be included depends on the TB size of Msg3/MsgA or Msg5. No spec change is needed for this
2. RAN2 do not pursue any enhancements to allow inclusion of TA information without extending Msg3 size.
3. UE reports Full TA (i.e., T_TA as defined in the UE’s TA formula). The size of the TA report MAC CE is fixed to two octets.
However, when considering the coverage enhancement requirement, it is better to carry TA report MAC CE in Msg5. Obviously, for the same UL grant, the smaller of the size of Msg3, the bigger of the probability that the network can receive the Msg3 successfully. And the size of TA report MAC CE is two octets, which has obvious impact on the Msg3 size. An unsuccessful Msg3 reception may result in an Msg3 retransmission or another PRACH procedure, which will increase the access delay, especially, for the NTN coverage enhancement scenario. 
[bookmark: _Toc111031943]Proposal 1: For NTN coverage enhancement scenario, if Timing Advance report (TAR) during RACH procedure is triggered, TA report MAC CE should be included in Msg5.
0. RAN1 impacts
The evaluations on coverage enhancement are still ongoing in RAN1. RAN2 can wait for more inputs from RAN1 for enhancement.
Based on WID, it will be identified in RAN#98 for RAN2 whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. In Rel-18, evaluations are still ongoing in RAN1. In RAN1#109e-meeting, basic simulation assumptions were made, and it was agreed that [6]:
	Agreement
For NR NTN coverage enhancement, the following channels/signals can be evaluated.
· PUSCH for VoIP
· PUSCH for low data rate service
· PUCCH format 1 with 2 bits 
· PUCCH format 3 with 11 bits 
· PRACH format 0
· PRACH format 2
· PRACH format B4 
· PUSCH Msg.3
· PUCCH for Msg.4 HARQ-ACK 
· SSB
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2 
· PDSCH Msg.4
· PDCCH
· Broadcast PDCCH (PDCCH of Msg.2) 


Potentially, PUSCH for VoIP, PUSCH Msg.3, PRACH and etc. may have impacts on RAN2. But these enhancements depend on further evaluation RAN1. Hence, it is proposed that:
[bookmark: _Toc111031944]Proposal 2: Other coverage enhancement specific for NTN in RAN2 can be studied after more inputs achieved in RAN1.
Conclusion
In this document, we analyse issues for coverage enhancement in NTN, and we find the observations as following:
Observation 1: Rel-17 Msg3 repetition which is introduced in coverage enhancement has been captured in Rel-17 NTN.
And we propose that:
Proposal 1: For NTN coverage enhancement scenario, if Timing Advance report (TAR) during RACH procedure is triggered, TA report MAC CE should be included in Msg5.
Proposal 2: Other coverage enhancement specific for NTN in RAN2 can be studied after more inputs achieved in RAN1.
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