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

1. In Rel-18 we don’t aim at RACH-less HO for NTN-TN mobility
2. For initial UL transmission in RACH-less HO, support pre-allocated grant in RACH-less HO command

3. NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;

4. NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB.

5. RAN2 confirms the general UE procedure for NTN RACH-less HO 


1.
receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)


2.
start timer T304 for the target cell (RRC)


3.
perform DL and UL synchronization, and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)


4.
start time alignment timer (MAC)


5.
monitor target cell PDCCH for dynamic grant if pre-allocated grant is not configured in RACH-less HO command (MAC, PHY)


6.
send initial UL transmission including RRCReconfigurationComplete message using the available UL grant (RRC, MAC, PHY)


7.
consider RACH-less HO is completed upon receiving NW confirmation. FFS how to confirm RACH-less HO is successfully completed. (RRC, MAC)


8.
stop timer T304 for the target cell. (RRC)


FFS whether to release UL grant if pre-allocated after RACH-less HO completion


FFS RACH-less HO failure handling, e.g. whether UE fallback to RACH-based HO to the target cell


FFS procedure for RACH-less HO combined with PCI unchanged or CHO if supported

4.
The pre-allocated grant is provided as type-1 CG

5.
Send an LS to RAN1 informing RAN2 agreements on NTN RACH-less HO and check RAN1 views on the following aspects:


1. whether the pre-allocated grant is provided with association to SSBs; if so, whether a RSRP threshold is configured for SSB selection.


2. to monitor target cell PDCCH for dynamic grant for initial UL transmission, whether beam indication can be provided in RACH-less HO command.


3. power control for initial UL transmission

6. At least for pre-allocated grant, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field. FFS if anything else is needed for dynamic grant

7. 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.
In this document, we further discuss the details on the solutions for RACH-less HO.

2. Discussion 

An overview of RACH-less handover is shown in figure 1.
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Figure 1 Flow diagram of RACH-less handover.
Even though the LTE RACH-less procedure can be reused, there are still several aspects we need to clarify in NTN, for example, successful confirmation and fall back to RACH.
Confirmation of RACH-less HO successful

Following is FFS from the last meeting.

· At least for pre-allocated grant, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field. 

· FFS if anything else is needed for dynamic grant

In our view, the confirmation of RACH-less HO completion does not have to be contention resolution MAC CE. As UE ignores the content of this MAC CE, in fact, any PDSCH scheduled by the PDCCH addressed to UE’s C-RNTI can be considered as indication of RACH-less HO completion. For example, it is second PDCCH addressed to C-RNTI in figure 1. Compared to LTE procedure, the MAC layer can indicate such indication to upper layers as follows:

MAC receives PDCCH:

-
if the MAC entity is configured with RACH-less handover and a UE Contention Resolution Identity MAC control element for this TTI has been received on the PDSCH indicated by the PDCCH of the SpCell addressed to the C-RNTI has been received:

-
indicate to upper layer the successful reception of a PDCCH transmission addressed to the C-RNTI.

Proposal 1 Any PDSCH scheduled by the PDCCH addressed to UE’s C-RNTI can be considered as indication of RACH-less HO completion. The PDSCH may or may not include UE Contention Resolution Identity MAC CE.

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 if UL HARQ mode is configured.
Proposal 2 HARQ process for pre-allocated UL grant belongs to HARQ mode A if UL HARQ mode is configured.

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. In this case, the RACH-less configuration is valid from T1 and RACH-less configuration is released after T2.

Proposal 5 If RACH-less configuration is included in time-based CHO command, RACH-less handover configuration is valid only after T1 and is released after T2.

3. Conclusion

Following proposals are made.
Proposal 1
Any PDSCH scheduled by the PDCCH addressed to UE’s C-RNTI can be considered as indication of RACH-less HO completion. The PDSCH may or may not include UE Contention Resolution Identity MAC CE.
Proposal 2
HARQ process for pre-allocated UL grant belongs to HARQ mode A if UL HARQ mode is configured.
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
If RACH-less configuration is included in time-based CHO command, RACH-less handover configuration is valid only after T1 and is released after T2.
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