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Discussion and Decision
1  Introduction
NTN specific mobility enhancement is one objective in R18 WI and RAN2 has made some progress on NTN specific handover enhancement in previous RAN2 meeting. 

This contribution gives our view on the following proposed solutions for the NTN specific handover enhancements: 

1> Subsequent CHO scheme

2> RACH-less HO.
2  Discussion

2.1 Subsequent CHO

In previous RAN2 meeting, it was agreed that the target cell for handover can be predicted. 

	RAN2 confirms that at least for the moving cell case the next serving cells can be largely predicted in NTN (at least for UEs not at the cell edge) thanks to the existence of predefined satellite orbits and negligible UE’s mobility in comparison to satellite’s motion (we can further discuss at the next meeting whether this applies to idle mode UEs as well)


Because the orbit of the satellite is planned in advance, in the earth moving cell scenario, the cells covering a fixed geographical area on the ground can be known in advance. From UE perspective, if UE stays in one area for long time, the target cell for handover later can be known in advance. 

Observation 1: For the earth moving cell, the target cell for subsequent handover can be predicted. 

In R18 further NR mobility enhancement WI, subsequent SCG change (i.e. subsequent CPAC) scheme will be supported in R18. In the subsequent SCG change scheme, the key point is that UE will keep the candidate SCG configuration until receiving the network explicit release indication. 
	RAN2 agreements on R18 mobility enhancement
·  UE will keep R18 CPC configurations after CPC execution. It should be possible to release a CPC candidate explicitly by RRC reconfiguration procedure. [Subsequent CPAC]


Observation 2: Subsequent SCG change scheme will be specified in R18, in which the candidate SCG configuration can be kept after each SCG change. 
Subsequent CHO can also be called as subsequent MCG change, which is similar as the subsequent SCG change. Considering that we have the scenarios that are suitable to apply this scheme and RAN2 will specify the similar scheme on SCG (i.e. subsequent CPAC), we think it should be possible and feasible to consider the subsequent CHO scheme in the NTN earth moving cell scenario. 
With the subsequent CHO scheme, one CHO command can be used for subsequent N handovers, which can reduce the signaling cost of N-1 handovers. This can significantly save handover signaling, which is the main motivation for R18 NTN handover enhancement.
Proposal 1: Support subsequent CHO as one of the NR NTN specific handover enhancements in R18. 

To support the subsequent CHO scheme, UE can keep all the candidate CHO configurations after CHO execution until receiving the explicit release indication from network. 
Proposal 2: In subsequent CHO, UE will keep all the candidate CHO configurations after CHO execution, until receiving the explicit release indication from network.  

About the security key change during the inter-gNB handover, considering the typical NTN scenario is the intra-gNB handover scenario, i.e. serving satellite change without serving gNB change scenario, if SA3 has no time to help check the security issue, we can just limit the R18 consecutive CHO in the intra-gNB handover scenario, i.e. no security key change during the subsequent CHO procedure.  

Proposal 3: R18 subsequent CHO is limited in intra-gNB handover scenario, and HO with security key change is not supported.  
2.2 RACH-less HO
Figure-2 describes the overall RACH-less HO procedure for NR NTN according to RAN2 agreements. 
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Figure-2. RACH-less HO for NR 

[image: image2.png]Agreements:

1.

2.
3.

oo

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





Below are some of our views on the leftover issues.
· Issue 1: Selection between RACH-less HO and RACH-based HO
In LTE, if network provides the RACH-less HO configuration in HO command, UE will always perform RACH-less HO. But NR system is different from LTE. NR is a multi-beam system, and network provides the UL grant in the beam level. If the beam associated with the UL grant provided by network is not suitable for the current UE situation, directly using this UL grant for initial UL transmission in target cell by UE will cause the handover failure. However, in multiple beam system, if one beam is not good to UE, it doesn't mean that UE can not work in current cell since other beams may be good to use. Therefore, upon receiving the RACH-less HO command, to avoid the handover failure probability, the safe way is for UE to fall back to RACH-based HO if the quality of the beam associated with the first UL grant is below a certain threshold.
In last RAN2 meeting, it was agreed that for RACH-less HO with pre-allocated grant, UE fallbacks to RACH-based HO if the SSB associated to the grant has RSRP lower than a threshold. For RACH-less HO with dynamic grant, we think the situation is same and UE will fall back to RACH-based HO if the indicated beam for dynamic grant reception has RSRP lower than a threshold.
Proposal 4: For RACH-less HO with dynamic grant, if the indicated beam for dynamic grant reception has RSRP value lower than a threshold, UE will fallback to RACH-based HO (with new SSB selection), while T304 is running. 

· Issue 2: HO confirmation
Even though RAN2 agreed to use CR MAC CE for HO confirmation, the further enhancement on the HO confirmation is still open. In our understanding, we assume the CR MAC CE is unnecessary to be mandatory transmitted for the RACH-less HO confirmation purpose. 

During RACH-less HO, target gNB only provides the DL scheduling to the UE after receiving the HO complete message from the UE. Therefore, when UE receives PDCCH for the UE dedicated DL scheduling after UE transmits the initial UL transmission, UE can assume the target gNB has already received the UE’s HO complete message successfully. The similar mechanism has been applied in CG-SDT mechanism. In SDT, when UE initiates the UL transmission via CG-SDT resource, UE can assume network receive the 1st transmission successfully when receiving the 1st UE specific scheduling in DL. 
Proposal 5: For RACH-less HO, when UE receives PDCCH/PDSCH addressed to the UE’s C-RNTI after the initial UL transmission in target cell, UE can regard it as the HO confirmation.  
· Issue 3: TATimer handling during RACH-less HO

In LTE RACH-less HO, TATimer is to control the validity duration of Nta value which is provided in RACH-less HO command, and UE will start the TATimer upon receiving RACH-less HO command. In NTN, the absolute TA value for UL transmission is calculated by multiple components. Except for Nta value, other components are not controlled by TATimer.
Considering Nta under the NTN network is still controlled by TATimer, which is same as that in LTE RACH-less HO, we assume UE can also start TATimer upon receiving the HO command. In order to cope with the potential longer duration for UE to acquire the DL sync of target cell, network implementation can set the longer TATimer value to handle it. 
Proposal 6: For RACH-less HO, UE starts TATimer upon receiving the RACH-less HO command. 
· Issue 3: Support of RACH-less CHO
RAN2 agreed to consider the combination of RACH-less HO with time-based CHO for NTN, but has not made final decision to support it. And the main concern is about how to provide the UL grant for the initial UL transmission in the efficient way.
·  Consider to support combining RACH-less HO with time-based CHO for NTN, taking into account the 1) validity of pre-allocated grant and potential waste of reserved resource; 2) when/how to provide dynamic grant in PDCCH.
For the time-based CHO, UE can only initiate the HO at the time configured by network. Then from network perspective, network can just reserve the preconfigured UL grant from the time in the CHO condition or provide the dynamic grant after that time.
Proposal 7: Confirm that the combination of RACH-less HO and timer-based CHO is supported.    
3  Conclusion
According to the analysis in section 2, we propose that:
< Subsequent CHO >

Observation 1: For the earth moving cell, the target cell for subsequent handover can be predicted. 

Observation 2: Subsequent SCG change scheme will be specified in R18.  

Proposal 1: Support Subsequent CHO as one of the NR NTN specific handover enhancements in R18. 

Proposal 2: In subsequent CHO, UE will keep all the candidate CHO configurations after CHO execution, until receiving the explicit release indication from network.  

Proposal 3: R18 subsequent CHO is limited in intra-gNB handover scenario, and HO with security key change is not supported.  
<RACH-less HO>
Proposal 4: For RACH-less HO with dynamic grant, if the indicated beam for dynamic grant reception has RSRP value lower than a threshold, UE will fallback to RACH-based HO (with new SSB selection), while T304 is running. 

Proposal 5: For RACH-less HO, when UE receives PDCCH/PDSCH addressed to the UE’s C-RNTI after the initial UL transmission in target cell, UE can regard it as the HO confirmation.  

Proposal 6: For RACH-less HO, UE starts TATimer upon receiving the RACH-less HO command. 
Proposal 7: Confirm that the combination of RACH-less HO and timer-based CHO is supported.    
