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1 Introduction
In this contribution, we discuss following aspects of connected mode mobility enhancement for mobile IAB:
· CHO for mIAB-MT

· RACH-less HO for served UEs

· Enhancement on CHO for served UEs

2 Discussion
2.1  CHO for mIAB-MT
In Rel-18 mobile IAB, mIAB-MT migration (which involves handover of mIAB-MT) may be performed several times in sequence. If the necessary parameters for handover to the candidate cells are pre-configured to the mIAB-MT, the mIAB-MT can connect to the new parent nodes proactively without HO command. In our view, the CHO procedure for mIAB-MT is similar with that for legacy UEs. RAN2 can discuss the impact to spec when introducing CHO for mIAB-MT if any.
If CHO for mIAB-MT is supported, the source gNB of mIAB-MT will indicate information of CHO in the handover request for the mIAB-MT to the target gNB and the target gNB will allocate necessary resources for the mIAB-MT. Apart from the resources prepared for legacy UE, the target gNB has to allocate transport resource along the topology path for F1-C and non-F1 traffic for the mIAB-node and provide Default BAP configuration (including the default routing ID, default BH RLC channel ID and BAP address) as well as IP addresses for F1-C and non-F1 traffic. If the target gNB determines the resource allocated to the mIAB-MT cannot be afforded, the target gNB can refuse the CHO request or cancel the already prepared CHO. RAN2 can check with RAN3 whether any issue is found.
The impact to RAN3 spec may be limited when supporting CHO for mIAB-MT. In our view, the mIAB-MT migration procedure will not be impacted when CHO executed for mIAB-MT. As the general mIAB-MT migration procedure, after the completion of CHO for mIAB-MT, the source gNB of mIAB-MT will indicate the target gNB to the donor-CU of the mIAB-DU which is co-located with the mIAB-MT, to trigger the transport migration for the traffic of mIAB-node. RAN2 can request RAN3 to evaluate the CHO for mIAB-MT. 
Observation 1: It is beneficial to configure CHO to mIAB-MT and the impact to RAN2 spec is limited.
Proposal 1: RAN2 discusses supporting CHO for mIAB-MT and asks RAN3 whether any issue is observed.
2.2  RACH-less HO for served UEs
Issues on supporting RACH-less HO for served UEs in mobile IAB during mIAB-DU migration was discussed in the last meeting[1] and following agreements have been made:
	· RACH-less for mIAB scenario, if agreed in the end, will cover only the case of same-TA.

· Feasibility of beam handling during RACH-less HO in the mIAB WI is FFS (and this need to be addressed for RACH-less to be supported for mIAB). 

· RAN2 discuss further the following options to support beam operation for the first UL transmission/DL reception towards the target logical DU in RACH-less HO during DU migration:

Option 1: (Explicit approach) Explicit beam information is included in HO command. FFS the details. 

Option 2: (Implicit approach) UE re-uses the same beam status as in the source cell (the beam information is not carried explicitly in HO command).

· RACH-less HO with same TA with security key change is in scope for served UEs during mIAB DU migration. FFS UL grant and HO completion procedure in mIAB RACH-less HO.


For mobility enhancement in Rel-18 NR NTN, RAN2 has discussed NTN RACH-less HO and made the following agreements[1].
Agreements RAN2#121:
1. Support RACH-less Handover in Rel-18.

2. 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

3. 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.

4. 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

Agreements RAN2#121bis-e:
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.
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

6.   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 NTN RACH-less HO, RAN2 has confirmed the general UE procedure. During the last meeting, RAN2 has not determined whether RACH-less HO can be applied in mIAB-DU migration for mobile IAB. Although RACH-less HO is not a must-be-done issue for mobile IAB from our perspective, however, there is indeed benefit for a large number of UEs handover when it is applied to mobile IAB in mIAB-DU migration since the TA is assumed unchanged before and after handover. To prevent the duplicated work or conflict design with Rel-18 NTN, if RAN2 decides to discuss RACH-less HO for mobile IAB, we think RAN2 can reuse the general procedure which is already worked out in Rel-18 NTN. 
Proposal 2: RAN2 reuses the general procedure for Rel-18 NTN RACH-less HO in mobile IAB scenario if RACH-less for mobile IAB is agreed.
Following design for grant of initial UL transmission and the confirmation method for HO success have been determined for NTN RACH-less HO, and they can also be used in mobile IAB scenario. 
· Pre-configured grant can be included in the HO command for initial UL transmission in the target cell. 
· The type-1 CG is used as the pre-configured grant. 
· Dynamic grant can be provided via target cell PDCCH and UE can monitor the dynamic grant if pre-allocated grant is not configured in RACH-less HO command. 
· At least for pre-allocated grant, for the confirmation of RACH-less HO completion LTE approach is reused, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field.
Proposal 3: The design on the grant for initial UL transmission and confirmation of HO success in Rel-18 NTN RACH-less HO can be reused in mobile IAB scenario if RACH-less for mobile IAB is agreed.
In the last meeting, it is agreed RACH-less for mIAB scenario will cover only the case of same-TA. In NTN, the UL synchronization requirement is confirmed, i.e., the network and UE have a common understanding of N_TA component upon HO execution. On that aspect, N_TA has to be indicated to configure RACH-less HO. The same-TA case is also considered in NTN scenarios, in that case network indicates implicitly or explicitly that N_TA in the target cell is identical to the source cell. Therefore, the same principle can be applied to mobile IAB, i.e., the network indicates N_TA in the target cell is identical to the source cell in RACH-less HO command/configuration for mobile IAB scenario during mIAB-DU migration.
Proposal 4: For mobile IAB scenario, the network indicates N_TA in the target cell is identical to the source cell in RACH-less HO command.
For mobile IAB RACH-less, RAN2 discussed the beam selection in the target cell for the first UL transmission/DL reception. Two options are summarized:

Option 1: (Explicit approach) Explicit beam information is included in HO command. FFS the details. 

Option 2: (Implicit approach) UE re-uses the same beam status as in the source cell (the beam information is not carried explicitly in HO command).

We consider the different-beam case should be supported as the suitable beam in the target cell may not be the same as the source cell, e.g., when the SSB(s) position is different in source and target cells. However, the same-beam case should also be considered, as it is feasible when the source cell and the target cell use exactly the same SSB(s) configuration and share the same frequency that the beam measurement result is the same as source cell in the target cell. The case of same-beam is beneficial in saving the HO command signalling, e.g., the beam information included in the HO command can be saved, also, it may be beneficial in saving the pre-configured or dynamic grant for the initial UL grant.

Observation 2: There are feasible use cases for both same-beam selection and different-beam selection in mobile IAB scenario.

Proposal 5: Both same-beam selection and different-beam selection should be considered in mobile IAB scenario.
NTN RACH-less HO has discussed the beam selection issue during last meeting[3] and it is UE to perform beam selection when the pre-allocated grant is provided in the RACH-less HO command. The pre-configured grant for initial transmission can use the same design as CG-SDT, i.e., PUSCH resource is mapped to SSBs, and RAN2 has sent LS[2] to RAN1 asking for the feasibility. However, if the dynamic grant for initial UL transmission is provided by target cell PDCCH, it is not decided whether the beam selection is needed, and RAN2 has asked this question to RAN1. 
Questions RAN2 asked RAN1 in LS[2] on NTN RACH-less HO:

	1. Regarding the pre-allocated grant for initial UL transmission, considering the similarity to Msg1 in RACH and the similarity to the initial UL transmission in CG-SDT, where PRACH/PUSCH resource is mapped to SSBs, whether the pre-allocated grant is provided with association to SSB(s)? If yes, whether a RSRP threshold is needed for SSB selection for initial UL transmission?


2. To monitor target cell PDCCH for dynamic grant for initial UL transmission, whether beam selection is needed (e.g., performed by NW with selected beam(s) indicated, or performed by UE)?


3. Regarding the power control for initial UL transmission, whether it follows the rules specified for PUSCH scheduled by Random Access grant or by configured grant or others?


Therefore, at present, RAN2 can discuss beam selection issue in mobile IAB scenario when the pre-configured grant for initial UL transmission is provided in the RACH-less HO command. And RAN2 should wait for RAN1’s reply for the beam selection issue when UE monitors PDCCH for dynamic grant for initial UL transmission. 
Proposal 6: For mobile IAB scenario, RAN2 discusses beam selection issue when the pre-configured grant for initial UL transmission is provided in the RACH-less HO command， and postpone the discussion on beam selection issue when UE monitors target cell PDCCH for dynamic grant for initial UL transmission. 
For mobile IAB scenario, we understand the network can determine whether UE reuses the same beam in the source cell for the target cell, e.g., based on the configurations for the source and target cells. And the network indicates in the HO command explicitly or implicitly to UEs on using the same beam as source cell in the target cell. For example, if the SSB(s) information is not included in HO command, UE considers the same beams as the source cell and uses the beam to perform the initial UL transmission (RRCReconfigurationComplete message) on the PUSCH scheduled by the pre-configured grant which is indicated by the HO command.
Proposal 7: For mobile IAB scenario, the network can indicate explicitly or implicitly in RACH-less HO command whether UE reuses the same beam as the source cell in the target cell.
For the different-beam case, beam in the target cell needs to be determined. In our view, it should be performed by UE (as legacy approach, i.e., not decided by the network) through the UE’s measurement for SSB(s) RSRP. But the network can provide the pre-configured grant associated with several SSBs in the RACH-less HO command, so that UE can select the SSB/beam and use the beam for the initial UL transmission/DL reception, since the network has the measurement result for SSB(s). 
Proposal 8: For mobile IAB scenario, when the pre-allocated grant is provided with association to SSB(s) in RACH-less HO command, UE can select the SSB/beam according to RSRP of SSB(s) in the target cell and use the selected beam for the initial UL transmission/DL reception.
2.3  Enhancement to CHO for served UEs
Using CHO with CondT1 for the mobile IAB served UEs during mIAB-DU migration was proposed by companies during last meeting, but the conclusion is FFS:
	· FFS: May support CHO with CondT1 if it is “for free”, i.e. if TS impact is just to slightly modify the description to make it also applicable to TN. 


In our opinion, benefit of the A4 + CondT1 event mainly resides in the timely handover for UEs and the additional T2 configuration can prevent large number of UEs performing RA at the same time. However, why the timing of handover is critical for mobile IAB scenario has not been clarified, or the issue that A4 + CondT1 event intends to address is not justified. 

For the case that both source cell and target cell can be active at the same time (e.g., when source cell and target cell are using different frequency) where the source cell signal is not decreased during DU migration, the legacy HO can manage. For the case that source cell and target cell are not active at the same time (e.g., when source cell and target cell are using the same frequency), both A4 event and A3 event can be used, but we don’t see the advantage on A4 event over A3 event. 
Observation 3: Supporting CHO with CondT1 for TN due to mobile IAB needs further justification. 
3 Conclusion

In this contribution, we have some discussions aspects of connected mode mobility enhancement for mobile IAB, and the following proposals are made:
CHO for mIAB-MT:

Observation 1: It is beneficial to configure CHO to mIAB-MT and the impact to RAN2 spec is limited.
Proposal 1: RAN2 discusses supporting CHO for mIAB-MT and asks RAN3 whether any issue is observed.
RACH-less HO for served UEs:

Proposal 2: RAN2 reuses the general procedure for Rel-18 NTN RACH-less HO in mobile IAB scenario if RACH-less for mobile IAB is agreed.
Proposal 3: The design on the grant for initial UL transmission and confirmation of HO success in Rel-18 NTN RACH-less HO can be reused in mobile IAB scenario if RACH-less is for mobile IAB is agreed.
Proposal 4: For mobile IAB scenario, the network indicates N_TA in the target cell is identical to the source cell in RACH-less HO command.
Observation 2: There are feasible use cases for both same-beam selection and different-beam selection in mobile IAB scenario.

Proposal 5: Both same-beam selection and different-beam selection should be considered in mobile IAB scenario.
Proposal 6: For mobile IAB scenario, RAN2 discusses beam selection issue when the pre-configured grant for initial UL transmission is provided in the RACH-less HO command, and postpone the discussion on beam selection issue when UE monitors target cell PDCCH for dynamic grant for initial UL transmission. 
Proposal 7: For mobile IAB scenario, the network can indicate explicitly or implicitly in RACH-less HO command whether UE reuses the same beam as the source cell in the target cell.
Proposal 8: For mobile IAB scenario, when the pre-allocated grant is provided with association to SSB(s) in RACH-less HO command, UE can select the SSB/beam according to RSRP of SSB(s) in the target cell and use the selected beam for the initial UL transmission/DL reception.

Enhancement to CHO for served UEs:
Observation 3: Supporting CHO with CondT1 for TN due to mobile IAB needs further justification.

4 References
[1].  Minutes report, RAN2 Chairman, RAN2#121bies-e
[2].  R2-2304271, LS on RACH-less Handover, RAN2#121bies-e meeting, Samsung
[3].  R2-2304249, Report of [AT121bis-e][109][NR NTN Enh] RACH-less HO, RAN2#121bies-e meeting, Samsung
2

