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1 Introduction
In RAN2#123 meeting, the handover enhancement for NTN-NTN mobility was discussed and some agreements were made as below [1].
In this contribution, we discussed remaining open issues on handover enhancements for NTN-NTN mobility and provided our suggestions.
2 Discussion
2.1 RACH-less handover
In the last meeting, how to handle the RACH less handover failure was discussed. There is a view that the legacy RRC reestablishment is performed when the RACH less handover is failure. Regarding the RRC reestablishment procedure, UE first performs cell selection and then performs the RRC reestablishment in the selected cell. In NTN network, there may be only one candidate cell for handover, especially for the intra-satellite handover with the same feeder link, thus the cell selection procedure is not needed in some case, Moreover, if UE performs cell selection after RACH less handover failure, the latency is increased when UE connects to the network. 
Observation 1: There may be only one candidate cell for RACH less handover, especially for the intra-satellite handover with the same feeder link case.
Observation 2: The cell selection is not needed at least for the intra-satellite handover with the same feeder link case when the RACH less handover is failure. 

Observation 3: The cell selection will lead more latency of UE connecting to the network when the RACH less handover is failure.
The current RRC reestablishment procedure is as below [2]:


[image: image1.wmf]U

E

N

e

t

w

o

r

k

R

R

C

R

e

e

s

t

a

b

l

i

s

h

m

e

n

t

R

e

q

u

e

s

t

R

R

C

R

e

e

s

t

a

b

l

i

s

h

m

e

n

t

R

R

C

R

e

e

s

t

a

b

l

i

s

h

m

e

n

t

C

o

m

p

l

e

t

e


Figure 1: RRC connection re-establishment, successful

If the UE performs RRC connection reestablishment procedure after RACH less handover failure in the target cell, there are five messages (MSG1-MSG5) for UE to connect to the network. If UE performs RACH based handover in the target cell, there are there messages (MSG1-MSG3) for UE to connect to the network for the contention free RACH. Therefore, compared with UE performs RACH based handover in the RACH less handover failure cell, the RRC connection establishment will lead more latency for UE connecting the network. 
Observation 4: Compared with UE performs RACH based handover in the RACH less handover failure cell, the RRC connection establishment will lead more latency. 

Therefore, in order to reduce the latency for UE connecting to the network when the RACH less handover is failure, the following solutions can be considered:

Solution 1: UE skips the cell selection procedure and performs the RRC connection establishment in the RACH less handover failure cell;

Solution 2: UE skips the cell selection procedure and performs the RACH based handover in the RACH less handover failure cell;

Solution 3: UE performs the cell selection, if the selected cell is the RACH less handover failure cell, UE performs the RACH based handover in the cell.

Solution 4: UE performs the RACH based handover again when the RACH less handover is failure and the RRC reestablishment procedure is not initiated when the RACH less handover is failure. 

Considering the spec impact and latency reduction, we think the solution 3 can be considered, which is similar as conditional handover failure 
Proposal 1 In order to reduce latency of UE connecting to the network when RACH less handover is failure, the RACH based handover is performed in the RACH less handover failure cell.
Proposal 2: During the RRC reestablishment procedure, if the selected cell is the RACH less handover failure cell, UE performs the RACH based handover in the selected cell.
The crucial aspect of RACH-less HO combined with CHO is that the target cell should be capable of determining the appropriate UL grant configuration. In order to accomplish this, the target cell needs to be able to determine when the UE performs a handover and then establish the UL resource accordingly. For example, the target cell may determine the feasible UL grant for the pre-configured UL grant or decide when it is necessary to send PDCCH.
Proposal 3: Combining RACH-less HO with CHO is feasible if the target cell possesses knowledge regarding the timing of when the UE will handover to it.
During the previous meeting, we discussed the Tx beam of the target cell and explored the option of preconfiguring it. However, we have concern that this preconfigured beam may not be optimal for the UE, especially when implementing RACH-less handover combined with CHO. As a solution, we propose that the UE indicates its preferred Tx beam when sending the RRC reconfiguration complete message to the target UE.

Proposal 4: UE indicates its preferred Tx beam when sending the RRC reconfiguration complete message to the target cell.
2.2 Common handover signalling
In RAN2#122 meeting, the common handover signalling was discussed and made the following agreements [2]:


 In this meeting, the reply LS from RAN3 was received as below [3]:
According to the reply LS from RAN3, the common handover signalling for inter-gNB seems not feasible in Rel-18, however, for the inter-gNB case, there is no RAN3 impact, so the common handover signalling for intra-gNB should be supported. 
Proposal 5: The common handover signalling for intra-gNB should be supported in Rel-18.
In the previous meetings, it also discussed how does the handover work with the broadcast common handover signalling. We think the there are some issues need to be discussed as below:

· How to acquire the ServingCellConfigCommon of the target cell;

· Where the ServingCellConfigCommon is broadcast;

· When the ServingCellConfigCommon is broadcast; 

· Whether the UE (C)HO command is sent before/after the broadcast signalling
For the first issue, for the intra-gNB case, the serving cell acquires the ServingCellConfigCommon of the target cell based on implementation.  Considering the broadcasted common handover signalling is for UE performing handover only, introducing a new SIB to broadcast the ServingCellConfigCommon is reasonable. 
In order to reduce handover latency, the ServingCellConfigCommon should be broadcasted before UE handover execution. In other words, the UE (C)HO command is sent after the broadcast signalling.
According to the above discussion, the general procedures for handover with broadcast signalling is as below:

Step 1: The serving cell broadcasts the ServingCellConfigCommon of the target cell in a new SIB;

Step 2: The serving cell sends (C)HO command to UE without ServingCellConfigCommon of the target cell,
Step 3: The UE acquires the ServingCellConfigCommon of the target cell before executing (C)HO.
Step 4: The UE executes the (C)HO with the acquired ServingCellConfigCommon from the SIB19.
Proposal 6: Introduce a new SIB for broadcast common handover signalling.
Proposal 7: In order to reduce handover latency, the ServingCellConfigCommon could be broadcasted before UE handover execution.
Proposal 8: The complete handover common includes the broadcasted servingCellConfigCommon of the target cell and the UE specific configuration of the target cell in the RRC handover command.
2.3 The same PCI scenario

Regarding the soft satellite switching without PCI change, RAN1 reply the LS as below [4]:


According to the reply LS, the soft satellite switching without PCI change is feasible under the given conditions. Regarding the hard satellite switch, RAN2 agreed that it can be applied to the case where the coverage gap is zero or negligible and an explicit indication will be introduced to enable the unchanged PCI switch. Therefore, we think a unified solution should be introduced for both soft satellite switching and hard satellite switching without PCI change.
Proposal 9: A unified solution should be introduced for both soft satellite switching and hard satellite switching without PCI change, and the solution for hard satellite switching is reused for soft satellite switching. 
3 Conclusions 
In this contribution, we have discussed remaining open issues for handover enhancements for NTN-NTN mobility and provide the following observations and proposals.

Observation 1: There may be only one candidate cell for RACH less handover, especially for the intra-satellite handover with the same feeder link case.
Observation 2: The cell selection is not needed at least for the intra-satellite handover with the same feeder link case when the RACH less handover is failure.
Observation 3: The cell selection will lead more latency of UE connecting to the network when the RACH less handover is failure.
Observation 4: Compared with UE performs RACH based handover in the RACH less handover failure cell, the RRC connection establishment will lead more latency.
Proposal 1 In order to reduce latency of UE connecting to the network when RACH less handover is failure, the RACH based handover is performed in the RACH less handover failure cell.
Proposal 2: During the RRC reestablishment procedure, if the selected cell is the RACH less handover failure cell, UE performs the RACH based handover in the selected cell.
Proposal 3: Combining RACH-less HO with CHO is feasible if the target cell possesses knowledge regarding the timing of when the UE will handover to it.
Proposal 4: UE indicates its preferred Tx beam when sending the RRC reconfiguration complete message to the target cell.
Proposal 5: The common handover signalling for intra-gNB should be supported in Rel-18.
Proposal 6: Introduce a new SIB for broadcast common handover signalling.
Proposal 7: In order to reduce handover latency, the ServingCellConfigCommon could be broadcasted before UE handover execution.
Proposal 8: The complete handover common includes the broadcasted servingCellConfigCommon of the target cell and the UE specific configuration of the target cell in the RRC handover command.
Proposal 9: A unified solution should be introduced for both soft satellite switching and hard satellite switching without PCI change, and the solution for hard satellite switching is reused for soft satellite switching.
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An explicit indication will be introduced to enable the unchanged PCI switch


The unchanged PCI mechanism can be applied to the case where the coverage gap is zero or negligible (where there is no need to introduce t-gap or t-start). FFS whether we need to support scenarios that require the introduction of t-gap or t-start


PCI unchanged procedure can be performed without performing RACH


In the unchanged PCI case, the UE considers UL synchronization timer expired at t-Service (current cell stop time) to stop any UL operation. FFS on timeAlignmentTimer handling.


In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite


The UE specific Koffset, if configured, is not used after t-Service and the UE uses the cell specifc Koffset until the UE receives new differential Koffset MAC CE.


Single beam can be indicated in HO command to monitor target cell PDCCH for dynamic grant for initial UL transmission


The pre-allocated grant is provided with association to SSBs


The mapping between type-1 CG and SSBs in CG-SDT can be the baseline of how to configure pre-allocated grant mapped to SSBs (can rediscuss in case of different input from RAN1)


UE selects an SSB associated to the pre-allocated grant with RSRP above a configured threshold, use the selected SSB and the corresponding UL grant occasions for the initial UL transmission


ta-Report can be included in ServingCellConfigCommon in the RACH-less HO command


RAN2 understands that if pre-allocated grant is not configured and dynamic grant is used for first UL transmission, if UL HARQ mode is configured, HARQ mode A is recommended for the HARQ process (this is anyway up to NW implementation and there is no Stage2 and Stage3 spec impact)


The MAC entity applies the N_TA (value 0 or same as source cell) configured in the RACH-less HO command for the PTAG. FFS on when timerAlignmentTimer associated with this TAG starts


If no SSB mapping to pre-allocated grant has RSRP above the threshold, fallback to RACH HO (with new SSB selection), while T304 is running








Come back to the proposal to broadcast the target cell’s servingCellConfigCommon (as common (C)HO signalling) after feedback from RAN3


Send al LS to RAN3 asking whether, in case target cell’s servingCellConfigCommon is broadcast in the source cell (as common (C)HO signalling), the target cell’s servingCellConfigCommon can be transferred to the source cell in the inter-gNB HO case in R18








RAN3 would like to thank RAN2 for their LS on Common Signaling in (C)HO.


RAN3 understands the motivation of the Common Signaling in (C)HO is to broadcast servingCellConfigCommon of the target cell in the source cell for inter-gNB handover to reduce signaling overhead. However, RAN3 would like to inform RAN2 that RAN3 will not support any enhancement for Common Signaling in (C)HO in Rel18, either by providing target cell’s servingCellConfigCommon to source cell through network signaling or via OAM.





Question 2: If it is feasible to support soft satellite switching without PCI change?


Reply: 


Under the following conditions: 


UE is not required to connect to two satellites simultaneously during soft satellite switching. 


Interference avoidance/mitigation between two satellites may potentially be done by gNB implementation at least to ensure non-colliding SSB with same PCI at UE side. 


UE is provided with the information on new common TA, K_mac, ephemeris and cell-specific K-offset are applied during resynchronization to new satellite.


UE may be provided with the information if needed to detect the SSB of the new satellite for soft satellite switching.


The same UE behavior may be applied for soft satellite switching and hard satellite switching.


RAN1 concludes it is feasible for soft satellite switching without PCI change.
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