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1. Introduction
At RAN4#110-bis meeting, RAN4 continued to discuss the maintenance issues for NTN enhancements including above 10GHz, NW verified UE location and NTN mobility enhancements. Specifically, the progress made for NTN mobility enhancements were captured in latest WF [1]. In this contribution, we will continue to provide our views on the remain issue left for maintenance.
2. Discussion
2.1 Connected mode mobility enhancements 
2.1.1	‘Soft’ Satellite switch
Issue on reference point for SSB-TimeOffset
	Title:	LS on reference point for SSB-TimeOffset
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Response to:	-
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Release:	Release 18
Work Item:	NR_NTN_enh-Core

Source:	Apple (to be RAN2)
To:	RAN4, RAN1
1	Overall description
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.
2	Actions
To RAN4, RAN1:
ACTION: 	RAN2 respectfully asks RAN4 and RAN1 to take the above into consideration and come back if any issues are determined.



For satellite switch with resync procedure, RAN4 received one related LS [2] from RAN2, which is to ask RAN4 if it is acceptable to adopt the gNB as the uplink time synchronization reference point of ssb-TimeOffset. The details on LS are shown as above. Next, we will provide our analysis on the potential impact on this issue.
[bookmark: _GoBack]As per the design on UE transmit timing for NTN in Rel-17, when the NTA,common>0, the timing reference point is defined as a point on the feeder link (e.g., RP1,1 and RP1,2 in Fig.1-1). Specifically, when NTA,common=0, the reference point is at the satellite. Under this assumption, the relationship of timing gap among gNB, satellite and UE are shown in Fig.1-1, Fig.1-2 and Fig.1-3. 
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For satellite switch with resync procedure, the introduction of ‘SSB time offset’ between source and target satellite is that UE can autonomously handle the target satellite SSB based on this provided offset. According to the LS, RAN2 is considering use the gNB (i.e., RP2 in Fig.1-1) as the reference point of ssb-TimeOffset. With this adoptation, it will potentially impact on the value of time offset configured by NW. Next, we will further analyze whether UE can correctly track target satellite SSB based on ssb-TimeOffset provided under the assumption that gNB (i.e., RP2) is adopt as the reference point. 
· Option 1: Define RP1,1 and RP1,2 as the uplink time synchronization reference point of ssb-TimeOffset
When we follow the legacy definition of reference point on uplink time synchronization, the receiving timing difference between source satellite and target satellite from UE side can be expressed as,
Drecei_diff= (tA,2+ Ttrans_target +tS,2) - (tA,1+ Ttrans_source +tS,1) = (tS,2- tS,1) + [(Ttrans_target- Ttrans_source) + (tA,2- tA,1)]
which Ttrans_target and Ttrans_source are the transmitting time points to Sat1 and Sat2 from NW, respectively. 
For the Drecei_diff, the timing difference between service link (tS,2- tS,1) are calculated by UE itself. The indication of ssb-TimeOffset is to help UE to derive the sum of timing offset on highlighted part, which includes the value difference of NTA-common: [(tA,2- tA,1)] and transmit timing difference to source satellite and target satellite: [(Ttrans_target- Ttrans_source)].
· Option 2: Define RP2 as the uplink time synchronization reference point of ssb-TimeOffset
Different from Option 1, the timing gap between RP1,1/RP1,2 and gNB is additionally considered in Option 2. Consequently, the extra time gap tB,2 and tB,1 need to be added in the following equation. The receiving timing difference between source satellite and target satellite from UE side will be adopted as, 
Drecei_diff= (tA,2+ Ttrans_target +tS,2+ tB,2) - (tA,1+ Ttrans_source +tS,1+ tB,1)
= (tS,2-tS,1) + [(Ttrans_target- Ttrans_source) + (tB,2- tB,1) + (tA,2- tA,1)]
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Correspondingly, there are three components considered in the time offset ssb-TimeOffset as highlighted part is shown. To prove that the adaptation of reference point of ssb-TimeOffset is not related to the actual SSB tracking, the key is to verify if the additional part (i.e., [tB,2- tB,1]) is known by UE. If this part is known, then UE can subtract it from the total SSB offset, which is the same as using RP1,1/ RP1,2 as the reference points. For [tB,2- tB,1], The value of tB,2 and tB,1 correspond to parameter of Kmac. As shown in the following definition of Kmac, which are provided by network for the alignment on downlink and uplink frame timing at gNB. It is known by UE according to the indication. From this perspective, the difference between setting RP1,1/RP1,2 and RP2 as reference point is reflected in the different value of ssb-TimeOffset provided by NW. However, it doesn’t have essential impact on the tracking the actual locations of SSB of target satellite. Therefore, it can be confirmed that adopting the gNB as the reference point of ssb-TimeOffset can be acceptable. A draft LS reply is provided in the Annex.
	kmac
Scheduling offset provided by network if downlink and uplink frame timing are not aligned at gNB. If the field is absent UE assumes value 0. The unit of kmac is number of slots for a given subcarrier spacing of 15 kHz.



Proposal 1: For soft satellite switch with resync procedure, RAN4 to confirm that it is feasible to adopt the gNB as the reference point of ssb-TimeOffset
3. Conclusions
Proposal 1: For soft satellite switch with resync procedure, RAN4 to confirm that it is feasible to adopt the gNB as the reference point of ssb-TimeOffset
4. Reference
[1] R4-2406430 WF on RRM requirements for NR_NTN_enh, Qualcomm
[2] R2-2403771 LS on reference point for SSB-TimeOffset, Apple
5. Annex: draft Reply LS on reference point for SSB-TimeOffset
	3GPP TSG-RAN WG4 Meeting #111	R4-24xxxxx
Fukuoka, Japan, May 20th –24th, 2024

Title:	Reply LS on reference point for SSB-TimeOffset
Response to:	R2-2403771
Release:	Release 18
Work Item:	NR_NTN_enh-Core

Source:	RAN4
To:	RAN2
Cc:                           

Contact Person:	
Name:	Minhua Zheng
E-mail Address:	minhua.zheng@vivo.com

Attachments: -


1. Overall Description:
RAN4 thanks RAN2 for the LS on reference point for SSB-TimeOffset .
After discussion, RAN4 concluded that it is feasible to adopt the gNB as the reference point of ssb-TimeOffset and no specific issue is identified. 

2. Actions:
To RAN2:
RAN4 kindly asks RAN2 to take the above into consideration.

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #112			Aug 19 –Aug 23, 2024	         Maastricht, Netherlands
RAN WG4 Meeting #112-bis		Oct 14 –Oct 18, 2024	         TBC, China
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