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[bookmark: _Ref503504522]Introduction
The Rel-18 NR NTN enhancements WID includes the following objectives:
	4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements

This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· […]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· […]



In the past meetings, several solutions have been proposed. In this contribution, we detail our view on the common signalling of HO common information, as well as on possible alternatives.
Discussion
As clearly expressed in the WID, the main goal of the sub-objective is to reduce the signaling overhead during handover procedure. This is linked to the fact that with earth moving and quasi earth-fixed scenarios, independently of UE mobility, the serving cell would regularly change (intra-satellite or inter-satellite cell change) implying handover of all connected UEs. In addition, feeder link change would also result in handover of all connected UEs.
The overhead issue is twofold:
· during handover preparation time, need to send HO command (possibly within CHO configuration) to all UEs in the cell
· during handover execution, random access performed by all UEs in the cell

Common signalling of HO common information
As agreed at RAN2#119bis-e, RAN2 can further consider whether some information in the handover command that can be common to all UEs, can be delivered to UEs in common signaling and if there is real benefit (in terms of signaling overhead reduction) in this.
In terms of overhead reduction, there is a tradeoff when using common signaling (CS). We consider a simplistic model of delivering the common information:
· Dedicated CHO: X PRBs in average per HO command, n HO commands/s => n*X PRBs/s used in average.
· CS: Y PRBs per CS occurrence, m CS occurrences/s => m*Y PRBs/s used in average, + additional signaling for group configuration
In general, Y would be larger than X as CS link adaptation cannot be optimized (compared to dedicated case). Y would need to correspond at least to the maximum of X in the group. In case CS is ensured by broadcast, Y would correspond to cell edge conditions so that all UEs in the cell would be able to decode the common information.
Regarding m, this also depends how CS is implemented. In case CS is ensured by group signaling, it would be around n/group size. In case CS is ensured by broadcast, m would need to be large enough to ensure connected UEs always have an opportunity to acquire it before handover, but small enough to not compromise the expected signaling gain.
Finally, in case of group signaling, additional signaling for group configuration should also be taken into account.
Note that this also assumes the use of delta signaling to deliver the common information. In legacy implementation, the corresponding signaling (in HO) would already use the existing delta signaling of RRC configuration (yielding above X PRBs resource in average). With CS implementation, delta signaling would need to be implemented in a similar way (yielding above Y PRBs resources in average). 
[bookmark: _Ref127548744]Observation 1: Overhead reduction of “Common signaling” solution is questionable
In addition, we believe that an important aspect of CS is how the NW can ensure that the CS transmission was effectively received by the UE / what happens if for some reason this CS transmission was not received at the time of handover execution. 
Regarding what happens if the CS transmission was not received at the time of handover, a solution would be that the UE fallbacks to reading the SIB information directly in the target cell (in a similar way as what we propose in section 2.3). That would however increase the handover interruption for such UE. 
Regarding how to ensure CS transmission was received, assuming broadcast is used, there is no feedback. A CS transmission acquisition feedback message could be sent in UL (that might be limited to UEs with QoS constraints, e.g. voice call), but it doesn’t seem attractive as this would increase UL overhead (especially generating bursts of synchronized UL traffic). 
[bookmark: _Ref127548749]Observation 2: the case where the “common signaling’ is not received at the time of HO execution should be addressed

Omission of HO common information
An alternative which was not yet discussed would be to omit including the HO common information, while not sending it through common signalling in the source cell.
The main candidate for HO common information is the ServingCellConfigCommon IE, which contains parameters which a UE would typically acquire from SSB, MIB or SIBs when accessing the cell from IDLE. A possible scheme would then be for the NW to omit those parameters (the PCI might be the only one that would still need to be transmitted), while indicating the UE that it should acquire those parameters in the target cell. This incurs further handover interruption; however, this could be acceptable depending of the QoS / traffic pattern of the UE. For instance, one could expect that it is not a problem for delay tolerant traffic. Also solutions like PCI reuse would already introduce similar interruption.
Note that from CR R2-2303923, our understanding is that Rel-17 specification already allows the NW to the omit NTN-config IE in the HO/CHO message ServingCellConfigCommon IE. The UE will either rely on the target NTN-config IE broadcasted in the source cell, or it will reacquire SIB19 at the time of HO execution. 

Based on the knowledge of the QoS / traffic pattern, the NW could:
· keep including HO common information in the HO message (Rel-17 behavior), e.g. for UEs with on-going voice call
· omit HO common information in the HO message, e.g. for UEs with sporadic data transfer.
Given this would apply to UE with sporadic data transfer, it may be also possible for such UE to acquire the HO common information by reading MIB / SIB1 while in the source cell (during source/target overlap time), e.g. by reusing a mechanism similar to CGI reading. 
A main advantage of this scheme is that this there is clear gains in terms of signalling overhead (with a compromise on handover interruption time, but only for UEs that would tolerate it).
[bookmark: _Ref127548754]Observation 3: Omission of HO common information, without common signaling, enables clear reductions of signaling overhead (at the expense of slightly increased handover interruption time)
[bookmark: _Ref127548755]Proposal 1: Consider further “QoS-based omission of HO common information / SIB acquisition in target cell”

Random time-based CHO
In Rel-17, the serving cell stop time t-service is broadcasted in SIB19 to help cell reselection. This could be leveraged in connected as well. In the quasi-earth fixed case, for time-based CHO, the NW has to configure t1-Threshold-r17 / duration-r17 for all UEs.
In order to smooth out the handovers, the NW has to configure different time periods for each UE, within the overlapping time of source and target cells.
Instead, the overlapping time could be broadcasted (cell stop time t-service is already broadcasted, so only a cell start time offset for the target cell would be required). Then, the UEs could be configured to perform time-based CHO at a random time during the overlapping time.
[bookmark: _Ref127548765]Proposal 2: Consider further “Random time-based CHO” to leverage broadcasted overlapping time between source and target cells

Conclusion 
In this contribution, we make the following observations and proposals:
Observation 1: Overhead reduction of “Common signaling” solution is questionable
Observation 2: the case where the “common signaling’ is not received at the time of HO execution should be addressed
Observation 3: Omission of HO common information, without common signaling, enables clear reductions of signaling overhead (at the expense of slightly increased handover interruption time)
Proposal 1: Consider further “QoS-based omission of HO common information / SIB acquisition in target cell”
Proposal 2: Consider further “Random time-based CHO” to leverage broadcasted overlapping time between source and target cells

