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Introduction
Remaining issues in RRM core requirements for NTN are discussed in RAN4#105, and the outcomes are captured in [1]. Based on [1] the following issue needs to be further discussed.
· Uncertainty of Target cell’s epoch time in HO/CHO requirements
· Blind HO/CHO 
In this paper we will provide our views on above remaining issues for NTN core requirements.
Discussion
Uncertainty of Target cell’s epoch time in HO/CHO requirements
	Issue 7: Additional delay and Requirement Applicability in HO and CHO due to uncertainty of Target cell’s epoch time
Agreement:
· Wait for RAN2 conclusion and the following options can be further discussed as part of maintenance..
· Option 1:
· No need to consider the additional delay introduced in the HO/CHO procedure for NTN caused by the cases where the UE has to wait for the epoch time to be reached or re-acquire a new ephemeris information.
· Option 2:
· Latency and Interruption requirements in HO and CHO shall be extended. FFS on the details.


The issue was first raised up in RAN4#104 in [2-3]. We will first discuss the general issue for HO and CHO, and then address specific issue for CHO.
For HO, the issue is that UE need to have UL sync towards the target cell before it can initiate PRACH during HO. Based on latest RAN2 spec, the exact time when UL synchronisation is obtained (after SIB19 is acquired) is left to UE implementation, which can be from the subframe indicated by epochTime and optionally before the subframe indicated by epochTime.
	[bookmark: _Toc124712577]5.2.2.6	T430 expiry
The UE shall:
1>	if T430 for serving cell expires and if in RRC_CONNECTED:
2>	inform lower layers that UL synchronisation is lost;
2>	acquire SIB19 as defined in clause 5.2.2.3.2;
2>	upon successful acquisition of SIB19:
3>	inform lower layers when UL synchronisation is obtained;
NOTE:	The exact time when UL synchronisation is obtained (after SIB19 is acquired) is left to UE implementation, which can be from the subframe indicated by epochTime and optionally before the subframe indicated by epochTime.


The RAN2 spec results from the an LS from RAN1 [4], which says backward propagation of satellite assistance information is left for UE implementation.
	RAN1 response
In RAN1#111 meeting, the topic was discussed and RAN1 has made the following conclusion:
	Conclusion
The UE may consider assistance information valid as soon as it is received. No specification impact is expected. The current definition of validity duration is not changed based on this conclusion.



From this conclusion, RAN1 understands that the backward propagation of satellite assistance information is left for UE implementation. Thus, from RAN1 perspective, the latency issue identified by RAN2 can be resolved by UE and gNB implementation.


Based on RAN1/2 inputs, if UE supports backward propagation, it can obtain UL sync immediately after acquiring SIB19, which means there is no need to wait for the epoch time. If UE does not support backward propagation, UE needs to wait for the epoch time and only gets UL sync from the epoch time. 
As support of backward propagation is up to UE implementation and there is no capability indication, the RAN4 requirements need to be defined based on worst case, i.e. backward propagation is not supported. 
[bookmark: _Hlk126742731][bookmark: _Hlk126740967]Proposal 1: Define HO/CHO interruption time based on the assumption that UE may need to wait for the epoch time to apply the target cell assistance data. 
As to the updates to the requirements, we understand additional time to the current HO/CHO interruption time is needed when UE does not have valid target cell assistance data when receiving HO command or when triggering conditions for CHO are met. In this case, UE may need to wait for the next SIB19 from the source cell and start to use the new target cell assistance data at the corresponding epoch time. 
[bookmark: _Hlk126742771]On the other hand, we assume the source cell will broadcast target cell assistance data periodically, and based on RAN2 spec UE should attempt to re-acquire SIB19 before the old assistance data gets invalid. In this sense, the case where UE does not have valid target cell assistance data when receiving HO command or when triggering conditions for CHO are met would be corner. Therefore, we suggest to add a simple clarification that HO/CHO interruption time may be longer rather than defining exact extended requirements. 
	[bookmark: _Toc46481693][bookmark: _Toc46482927][bookmark: _Toc83790224][bookmark: _Toc46480459][bookmark: _Toc124712573]5.2.2.4.21	Actions upon reception of SIB19
Upon receiving SIB19, the UE in RRC_CONNECTED shall:
1>	start or restart T430 for serving cell with the timer value set to ntn-UlSyncValidityDuration for the serving cell from the subframe indicated by epochTime for the serving cell;
NOTE:	UE should attempt to re-acquire SIB19 before the end of the duration indicated by ntn-UlSyncValidityDuration and epochTime by UE implementation.


Proposal 2: Add a clarification that HO/CHO interruption time may be longer when UE does not have valid and applicable target cell assistance data during HO/CHO procedure.
For CHO, [3] raised a specific issue that the target cell assistance data may get invalid before the triggering conditions are met. We agree with this observation, but we are not sure if time for re-acquiring new ephemeris should be added to the CHO delay requirements. In general, the measurement and mobility requirements for NTN are defined based on the assumption that UE has valid information for the target cell. This means SIB19 of serving cell needs to broadcast information related to neighbour cells, and UE needs to acquire that information timely to make sure they are valid. 
This issue is actually not specific to CHO, e.g. L3 measurement which may last much longer than CHO delay, and UE needs to timely re-acquire SIB19 to obtain ephemeris information of neighbour cells, but no additional time is added in the measurement period. 
In HO requirements, the following applicability conditions are specified. 
	When intra-frequency or inter-frequency handover to NR SAN cell is commanded,
If the valid parameters of ephemeris information, epoch time of the ephemeris, common TA, validity timer information, DL and UL Polarization information, Koffset, and Kmac for target NR SAN cell are send to UE, 
the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Otherwise, no interruption time requirement is applied.


For CHO requirements to apply, similar conditions are needed but missing in the current requirements. The CHO target cell must be contained in the cell list of ntn-NeighCellConfigList in SIB19 broadcasted by the source cell, and the epoch time and validity timer must be configured such that information included in ntn-Config are valid during the whole CHO delay DCHO. We suggest to add similar applicability condition as HO.
Proposal 3: No additional time for re-acquiring target cell ephemeris is needed in CHO requirements, but add the following applicability condition for CHO requirements (similar as HO):
· Valid parameters of ephemeris information, epoch time of the ephemeris, common TA, validity timer information, DL and UL Polarization information, Koffset, and Kmac for target NR SAN cell are available at UE during DCHO.
Blind HO/CHO 
	Issue 7: Additional delay and Requirement Applicability in HO and CHO due to uncertainty of Target cell’s epoch time
Agreement:
· FFS on delay requirement for blind HO/CHO case if target satellite ephemeris information and epoch timing is only provided to UE via HO command.


The issue was raised up in [5]. Based on 38.331, the epoch time in HO command is “based on the timing of the target cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the target cell”. As such UE may not be able to interpret the epoch time and cannot apply the assistance info. Of course, UE can still attempt to synchronize to the target cell and read MIB so that it can use the assistance info, but without the assistance info, there is no performance guarantee for the sync and MIB reading. 
We think the issue is valid. For NR NTN, this may not be a critical issue because the assistance info of the target cell will be provided in SIB19 of the source cell, and the blind HO/CHO may not be typical. However, in Rel-17 IoT NTN, RAN2 agreed that no neighbour cell assistance info will be provided by the serving cell in SIB31, so UE can only use that from the HO command, and resolving the issue becomes important for IoT NTN. Considering commonality between NR NTN and IoT NTN, we slightly prefer to resolve the issue for both of them.
We suggest RAN4 to point out the issue to RAN2, and the exact solution to resolve the issue can be left to RAN2 who defined epoch time. An LS draft is provided in the Annex.
Proposal 4: RAN4 to send LS to inform RAN2 that UE may not be able to interpret the epoch time and to apply the assistance information in HO/CHO command for the target cell.
· The issue is for NR NTN and IoT NTN
· Exact solution is up to RAN2
Conclusions
In this paper we provided our views on remaining issues for NTN core requirements.
Proposal 1: Define HO/CHO interruption time based on the assumption that UE may need to wait for the epoch time to apply the target cell assistance data. 
Proposal 2: Add a clarification that HO/CHO interruption time may be longer when UE does not have valid and applicable target cell assistance data during HO/CHO procedure.
Proposal 3: No additional time for re-acquiring target cell ephemeris is needed in CHO requirements, but add the following applicability condition for CHO requirements (similar as HO):
· Valid parameters of ephemeris information, epoch time of the ephemeris, common TA, validity timer information, DL and UL Polarization information, Koffset, and Kmac for target NR SAN cell are available at UE during DCHO.
Proposal 4: RAN4 to send LS to inform RAN2 that UE may not be able to interpret the epoch time and to apply the assistance information in HO/CHO command for the target cell.
· The issue is for NR NTN and IoT NTN
· Exact solution is up to RAN2
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1. Overall Description:
RAN4 discussed RRM requirements for HO/CHO for NR NTN and IoT NTN. 
RAN4 noticed that currently the epoch time in HO/CHO command is “based on the timing of the target cell, i.e. the SFN and sub-frame number indicated in this field refers to the SFN and sub-frame of the target cell”. As a result, UE may not be able to interpret the epoch time and to apply the assistance information in HO/CHO command for the target cell during the HO/CHO. 
RAN4 respectfully asks RAN2 to take the above information into account and introduce solutions to allow UE to interpret the epoch time in HO/CHO command.

2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account and introduce solutions to allow UE to interpret the epoch time in HO/CHO command.

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #106-bis-e		Apr 17 – Apr 26, 2023			Online
RAN WG4 Meeting #107				May 22 – May 26, 2023		Incheon, South Korea
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