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1. Introduction 
In RAN2-121 meeting, following agreements were made regarding the connected mode mobility.

Agreements:

1. Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.

2. For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location

3. Support RACH-less Handover in Rel-18.

4. RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition

5. In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.

6. Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario
Working Assumption: 

7. In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported. 

In this document, we further discuss the details on the solutions for group handover command, RACH-less HO and satellite change without PDCI change.

2. Discussion 

RAN2 has agreed to support RACH-less handover in NTN. This will reduce RACH congestion to the target cell. Both RAN1 and RAN4 replied in LS that following RAN4 requirements will apply for PUSCH transmission in RACH-less HO.
	TS 38.133

The UE initial transmission timing error shall be less than or equal to Te_NTN where the timing error limit value Te_NTN is specified in Table 7.1C.2-1. This requirement applies:
when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission.
Table 7.1C.2-1: Te_NTN Timing Error Limit

Frequency Range

SCS of SSB signals (kHz)

SCS of uplink signals (kHz)

Te_NTN
1

15

15

29*64*Tc
30

24*64*Tc
60

N/A

30

15

24*64*Tc
30

22*64*Tc
60

N/A

Note 1:
Tc is the basic timing unit defined in TS 38.211 [6]




Therefore, in our understanding, RACH-less handover is possible in the following scenarios:

(1) Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB
(2) Intra-satellite handover with different feeder links, i.e., with gateway/gNB switch
(3) Inter-satellite handover with gateway/gNB switch
(4) Inter-satellite handover with same gateway/gNB
Proposal 1 RAN2 assume no scenario in NTN is excluded for the support of RACH-less handover.
An overview of RACH-less handover is shown in figure 2.
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Figure 2 Flow diagram to reduce signaling overhead and congestion.
1. The UE receives handover command including RACH-less configuration.
2. The UE executes the handover command and synchronizes with the target cell.

a. When the UE applies the target TA, it starts the TAT.

3. If pre-allocated grant is provided, the UE uses the grant to send the handover complete message to the target cell.

4. If pre-allocated grant is not provided, The UE starts monitoring PDCCH from the target cell.

5. The target can have control over how many and who are admitted at a time using random access.

a. the UE receives PDCCH with UL grant from the target cell and sends handover complete message.
6. If the UEs do not received PDCCH during a monitoring window for a certain duration, the UL synchronization timer or time alignment timer or T304 timer may expire.
Even though the LTE RACH-less procedure can be reused, there are still several aspects we need to clarify in NTN.
Pre-allocated grant

Similar to SPS, the HARQ process ID depends on the pre-allocated grant occasion. It should be clarified that whether to leave this to network implementation to make sure the resulting HARQ process ID belongs to same HARQ type. However, the pre-allocated UL grant is mainly to transmit the RRC reconfiguration complete message, it may be easy to define the HARQ process belongs to HARQ mode A for pre-allocated UL grant.
Proposal 2 HARQ process for pre-allocated UL grant belongs to HARQ mode A.

Similarly the cell specific Koffset of the target cell should be used to delay the first pre-allocation UL grant. It means the gap between the time UE receives HO command and time when UE is able to transmit first PUSCH should be regular HO interruption time plus cell specific Koffset.

Proposal 3 Target cell specific Koffset is used to determine the very first pre-allocated UL grant after the reception of handover command.

Pre-allocated grant-less

When UE does not receive the pre-allocated UL grant, then the UE can monitor the PDCCH from the target cell. One question is how long the UE keeps monitoring the PDCCH if it does not receive anything from the target cell. There could be following possibilities:
(1) HO failure timer T304 expires.

(2) TAT expires.

(3) UL synchronization timer expires.

(4) Define a new timer to fallback to random access.
In our view, existing timers can be used to trigger to RACH to the target cell such that UE is not deadlock in the target cell PDCCH monitoring. For example, if the HO failure time T304 expires, UE can revert to source configuration and trigger the reestablishment procedure.

If TAT timer expires, the UE releases the UL resources. Then the HO complete message can be considered as pending UL data which can eventually trigger the RACH.

If UL synchronization timer expires, then the UE will again synchronize to target cell and acquire the SIB19 from the target cell. However, this is new procedure compared to LTE. Therefore, it can be discussed in this case whether the UE continues monitoring target cell or triggers RACH to the target cell.

Proposal 4 While monitoring target cell PDCCH in RACH-less HO, UE fallbacks to random access to the target cell upon TAT timer expiry or UL synchronization timer expiry.
RACH-less CHO
Whether RACH-less handover is possible for conditional handover is also a question. Given the time information is available for when and how long the target cell has to reserve the RACH-less resources, time-based CHO with RACH-less handover can be possible. However, it needs to be discussed how the efficiently the future RACH-less resource can be used.

Proposal 5 Discuss whether RACH-less handover is applicable to CHO.

3. Conclusion

Following proposals are made.
Proposal 1
RAN2 assume no scenario in NTN is excluded for the support of RACH-less handover.
Proposal 2
HARQ process for pre-allocated UL grant belongs to HARQ mode A.
Proposal 3
Target cell specific Koffset is used to determine the very first pre-allocated UL grant after the reception of handover command.
Proposal 4
While monitoring target cell PDCCH in RACH-less HO, UE fallbacks to random access to the target cell upon TAT timer expiry or UL synchronization timer expiry.
Proposal 5
Discuss whether RACH-less handover is applicable to CHO.
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