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Introduction
RRM core requirements for mobility enhancements in NTN are discussed in RAN4#110-bis, and the outcomes are captured in [1]. Based on [1], further discussions are needed for the following issues.
· Idle/Inactive mode mobility enhancements
· Connected mode mobility enhancements
In this paper, we will provide our views on RRM core requirements for mobility enhancements in NTN.
Discussion
Idle/Inactive mode mobility enhancements
For NTN-TN cell reselection, RAN4 agreed to account for measurement skipping based on TN coverage information, and the criterion is “When the distance between the UE and tn-ReferenceLocation is larger than tn-DistanceRadius +50m”. 
We understand 50m is the margin for possible GNSS error, but it should be defined as the condition for the requirements rather than the part of UE behaviour. The UE behaviour is clear, i.e. it should perform TN measurement if the estimated distance to tn-ReferenceLocation is smaller than tn-DistanceRadius, and when the estimated distance is larger than tn-DistanceRadius, then UE is allowed to skip TN measurement. 
RAN4 requirements should define when UE performs the measurement based on the UE behaviour, and the requirements apply provided that the actual distance between UE to tn-ReferenceLocation is smaller than tn-DistanceRadius – 50m. Otherwise, the requirements do not apply, which means UE is allowed to skip TN measurement when the actual distance is larger than tn-DistanceRadius – 50m.
The current wording in the agreement is a bit ambiguous. It is not clear if the “distance” refers to estimated distance or actual distance, and so it is not clear if it is defining UE behaviour or condition for requirements. We suggest to clarify it as in Proposal 1.
Proposal 1: (for Issue 4-2) RAN4 to clarify the requirements related to TN measurement skipping as:
“UE shall perform TN measurement if its estimated distance to tn-ReferenceLocation is smaller than tn-DistanceRadius. The requirements apply provided that the actual distance between UE to tn-ReferenceLocation is smaller than tn-DistanceRadius – 50m.”
Connected mode mobility enhancements
	Issue 5-1: NTN to NTN RACH-less (C)HO
Views from companies
· Vivo:
· RAN4 to add back PRACH to TIU for the delay requirements on NTN to NTN RACH-less (C)HO, as described below:
· PRACH if no valid configured grant based PUSCH is found


The definition of TIU occurs in several RAN4 requirements for HO and CHO, and they are not aligned in the spec. Based on our understanding of RAN2 spec, in case of RACH-less HO and CHO, the first UL in the target cell can only be PUSCH which can be scheduled by configured grant or dynamic grant. 
RAN2 also agreed that even rach-LessHO-r18 is included in the HO command, a fallback to RACH based HO is still possible, e.g. if no valid configured grant based PUSCH can be found. However, we understand there is no need to account for this case in the requirements for RACH-less HO/CHO because the existing requirements for RACH based HO/CHO would apply.
Proposal 2 (Issue 5-1): For RACH-less HO/CHO, align TIU definition as
TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH or dynamic grant based PUSCH according to NW configuration and scheduling.
	Issue 5-2-H2: (‘Hard’ Satellite switch) Interruption time
Views from companies
· Ericsson
· Change ‘SMTC of serving cell’ to ‘SSB periodicity of serving cell’
· Change ‘PDD propagation difference’ to ‘propagation delay difference’ to avoid misunderstanding on PDD. And, add note for clarification: Propagation delay difference is the propagation delay difference including service link and feeder link between before satellite switch and after satellite switch.
· Since ‘propagation delay difference’ is determined by UE, to restrict the range of choice for decision-making, it is advised to include a maximum allowable value, e.g., up to [x]ms.
· UE is allowed to skip measurements on other cells and satellites than the target satellite from T-service until ﻿SSB reconfiguration on the cell completes after satellite switch.


We support to determine the target satellite based on the SSB instead of SMTC of the source satellite. Using SMTC periodicity may cause additional delay in Tfirst_SSB which is unnecessary. 
We also suggest to clarify the wording on the Tfirst_SSB definition. The current wording is unclear, e.g. SSB of source satellite cannot be summed with ssb-TimeOffset. Technically, the time location of the first SSB burst of target satellite (after t-Start or t-Srvice) is determined by the periodicity and offset of the source satellite SSB, the ssb-TimeOffset and the PDD.
	-	Tfirst_SSB is is the time to the end of the first complete SSB burst of target satellite indicated by
-	SSB of the source satellite serving cell + ssb-TimeOffset + propagation delay difference, where the propagation delay difference is the difference between the propagation delays of the serving satellite and the target satellite.


Proposal 3 (Issue 5-2): For both hard and soft satellite switch, update Tfirst_SSB definition as
Tfirst_SSB is the time to the end of the first complete SSB burst of the target satellite, the location of which is determined by the periodicity and offset of SSB of the source satellite, the ssb-TimeOffset and the propagation delay difference between the serving satellite and the target satellite.
Related to PDD, RAN4 receives an LS from RAN2 related to the reference point of the ssb-TimeOffset.
	For satellite switch with resync procedure, the configuration of ssb-TimeOffset is introduced in SIB19 to indicate the time offset between the SSB from source and target satellite at the uplink time synchronization reference point. 
In RAN2#125bis meeting, RAN2 is considering adopting the gNB as the reference point of ssb-TimeOffset. RAN2 would like to check with RAN4 and RAN1 whether this would be acceptable.


Our understanding of the issue is that when determining the actual offset of SSB of the target satellite, the PDD would include 
· service link delay and common TA, if reference point of ssb-TimeOffset is the uplink time synchronization reference point
· service link delay, common TA and Kmac, if reference point of ssb-TimeOffset is gNB
The difference is on the Kmac, and we do not see an issue to include Kmac in the PDD. 
· Kmac of both source and target satellites are known to the UE
· The granularity of Kmac is 1ms, which is same as SMTC
· Kmac is already included in the PDD for UE autonomous SMTC shift in RRC_IDLE
It is noted that UE always performs cell detection before it performs DL synchronization towards the target satellite, so it should be able to find the SSB when the SSB timing is determined with 1ms granularity, which somehow resembles the scenario where UE finds SSB in a configured SMTC window. We suggest to confirm to RAN2 that adopting the gNB as the reference point of ssb-TimeOffset is acceptable.
Proposal 4 (Issue 5-2): For both hard and soft satellite switch, confirm to RAN2 that adopting the gNB as the reference point of ssb-TimeOffset is acceptable from RAN4 perspective.
A draft LS repky is provided in Annex.
	<Online # 7>Issue 5-2-S: Soft’ Satellite switch (5-2-S1 and -S2 from RAN4#110 are merged)
· Define known case and correspondingly Tsearch shall be 0 ms if the target cell is known
· Vivo


An issue was raised up last meeting is whether to define known case for soft satellite switch. We understand the target satellite is visible only after the t-Start, so it is not possible for UE to detect it before t-Start. On the other hand, the starting point of the satellite switching delay is t-Start rather than t-Service. 
Proposal 5 (Issue 5-2-S): Do not define known case for soft satellite switch.
Conclusions
In this paper we provided our views on RRM core requirements for mobility enhancements in NTN.
Proposal 1: (for Issue 4-2) RAN4 to clarify the requirements related to TN measurement skipping as:
“UE shall perform TN measurement if its estimated distance to tn-ReferenceLocation is smaller than tn-DistanceRadius. The requirements apply provided that the actual distance between UE to tn-ReferenceLocation is smaller than tn-DistanceRadius – 50m.”
Proposal 2 (Issue 5-1): For RACH-less HO/CHO, align TIU definition as
TIU is the interruption uncertainty in acquiring the first UL transmission resource, which can be a configured grant based PUSCH or dynamic grant based PUSCH according to NW configuration and scheduling.
Proposal 3 (Issue 5-2): For both hard and soft satellite switch, update Tfirst_SSB definition as
Tfirst_SSB is the time to the end of the first complete SSB burst of the target satellite, the location of which is determined by the periodicity and offset of SSB of the source satellite, the ssb-TimeOffset and the propagation delay difference between the serving satellite and the target satellite.
Proposal 4 (Issue 5-2): For both hard and soft satellite switch, confirm to RAN2 that adopting the gNB as the reference point of ssb-TimeOffset is acceptable from RAN4 perspective.
Proposal 5 (Issue 5-2-S): Do not define known case for soft satellite switch.
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1. Overall Description:
RAN4 thanks RAN2 for the LS R2-2403771. RAN4 discussed the reference point for SSB-TimeOffset, and concluded that adopting the gNB as the reference point of ssb-TimeOffset is acceptable from RAN4 perspective.

RAN4 respectfully asks RAN2 to take the above information into account.

2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account.

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #111			    May 20 – May 24, 2024	         Fukuoka, Japan
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