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1. Introduction
In the latest RAN2#119 meeting, the follow agreement was made regarding coverage enhancement for Rel-18 NR NTN:
	RAN2 understands that, based on the WID, only solutions that address the NTN specific characteristics (e.g. related to propagation delays, coverage loss, satellite movement) should be considered. But the identified solutions could then also be applicable to other cases (TN networks). In any case this will be discussed case by case (this understanding is not meant to change the WID description)


In this contribution we provide analysis for potential issues of applying Msg3 repetition in NR NTN.
2. [bookmark: Proposal_Beacon]Discussion
Rel-17 enhancements to Msg3 repetition
Coverage is one of the key factors that network operators consider when commercializing cellular communication networks due to its direct impact on service quality and expenditure. 3GPP initiated “Study on NR coverage enhancements” in Rel-17 to identify issues and potential enhancements for radio channels and signals, and enhancements for Msg3 PUSCH were specified as a result.
Msg3 PUSCH has been identified as one of the bottleneck UL channels and Msg3 repetition is considered to solve the coverage problem. Msg3 repetition allows transmission of several successive Msg3 when UE is performing random access and thus the UL coverage can be extended. In Rel-17, RAN2 meetings also had discussion of Rel-17 NR coverage enhancement focusing on signaling and protocol support of Msg3 repetition. That is, when UE’s RSRP is below a configured threshold, it can transmit its Msg1 over a dedicated set of PRACH resource to indicate its request for Msg3 repetition. 
Potential issues of Msg3 repetition in Rel-18 NR NTN
In TN with low altitude antennas, there is a clear RSRP difference between UEs at cell center and cell edge (i.e. cell edge effect). However in an NTN cell the antenna is on board satellites with much higher altitude, and different weather (e.g. rain, fog or cloud) may cause variable degrees of signal fading. As a result the RSRP difference between UEs at cell center and cell edge is typically insignificant. If RSRP threshold is used as the only criterion in determining to request for Msg3 repetition, it may be hard for the NTN to configure it appropriately. A smaller RSRP threshold may prevent most UEs from benefiting coverage enhancement while a larger RSRP threshold may allow excessive Msg3 repetition causing heavier contention on the dedicated PRACH resource for requesting Msg3 repetition.
Except for the smaller RSRP difference, another NTN characteristic of satellite movement needs to be considered as well. Msg3 repetition is requested by Msg1 transmission and is indicated by Msg2 reception from network, i.e. there is at least one RTT between requesting (or not requesting) and transmitting (or not transmitting) Msg3 repetition, and during that time period the necessity or availability of Msg3 repetition may vary due to satellite movement. Figure 1 shows an example wherein at T1 time UE1 and UE3 needs Msg3 repetition and requests with Msg1 using dedicated resource while UE2 does not, and the satellite is moving towards UE3 direction. At time T2 after T1 due to the satellite movement and consequent RSRP change, UE2 may fulfil RSRP threshold and need Msg3 repetition but cannot apply due to not requesting, while UE3 may not need Msg3 repetition but has to apply due to previous requesting. At T2 if UE1 is at edge of a moving cell wherein the cell moves with satellite movement, it may be totally out of the cell coverage. In this case UE1 is better to be transited to IDLE mode and try to camp on another cell, instead of trying Msg3 repetition which is possibly to fail.
[image: ]
Figure 1. Possible impact of satellite movement on Msg3 repetition
Observation 1: Due to the smaller RSRP difference in a cell and satellite movement in NTN, it may be difficult to configure an appropriate RSRP threshold for UE to request Msg3 repetition.
The ContentionResolutionTimer (CRT) is used to determine a time window for receiving contention resolution configuration from network. In legacy specifications for TN, ContentionResolutionTimer is started immediately upon first Msg3 transmission and restarted at HARQ retransmission, and it is definitely running when Msg3 repetition occurs (Figure 2-A). In NTN due to the large propagation delay, a time offset equalling to UE-gNB RTT (Figure 2-B) is applied to the start of ContentionResolutionTimer to avoid unnecessary monitoring (no contention resolution configuration will arrive within the RTT). As a result Msg3 repetition may occur when ContentionResolutionTimer is either running or not. If a Msg3 repetition occurs within the RTT offset (i.e. ContentionResolutionTimer is not running), the behavior of ContentionResolutionTimer needs to be specified.
[image: ]
Figure 2. ContentionResolutionTimer (CRT) behaviors for Msg3 repetition
Observation 2: When RTT offset is applied to the start of ContentionResolutionTimer, the behavior of ContentionResolutionTimer due to Msg3 repetition needs to be specified.
In Rel-17 NR NTN, timing advance report (TAR) was introduced to help network subsequent scheduling for the UE. The TAR MACE CE can be either reported in Msg3 or Msg5 (e.g., if Msg3 has no sufficient space). If Msg3 repetition is supported in NTN, further discussion and clarification could be needed considering TAR in Msg3, e.g., whether TAR is transmitted in each Msg3 repetition or it shall better be put in Msg5 to reduce impact on CE performance.
Observation 3: Further discussion and clarification is needed considering TAR in Msg3 when Msg3 repetition is used.
Therefore from RAN2 perspective some enhancements could be needed for applying Msg3 repetition in NTN.
Proposal 1: RAN2 to study enhancements to Msg3 repetition for Rel-18 NR NTN.
3. Conclusion
In this contribution, we analyse potential issues of applying Msg3 repetition in NR NTN. The following observation are given:
Observation 1: Due to the smaller RSRP difference in a cell and satellite movement in NTN, it may be difficult to configure an appropriate RSRP threshold for UE to request Msg3 repetition.
Observation 2: When RTT offset is applied to the start of ContentionResolutionTimer, the behavior of ContentionResolutionTimer due to Msg3 repetition needs to be specified.
Observation 3: Further discussion and clarification is needed considering TAR in Msg3 when Msg3 repetition is used.
And we propose:
Proposal 1: RAN2 to study enhancements to Msg3 repetition for Rel-18 NR NTN.
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