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1 Introduction
[bookmark: _Hlk61519723]WID of mobile IAB (RP-213601) was agreed in RAN#94e [1]. The related WID objectives on mobility enhancement are summarized below.
· Enhancements for mobility of an IAB-node together with its served UEs, including aspects related to group mobility. No optimizations for the targeting of surrounding UEs. [RAN3, RAN2]
The following principles should be respected:
· Mobile IAB-nodes should be able to serve legacy UEs.
· Solutions providing optimization for Mobile IAB may entail Rel-18 UE enhancements, provided that such enhancements are backwards compatible

In RAN2#119-e [2], CHO and RACH-less HO were agreed in scope of mobility enhancement for mobile IAB:
R2 assumes RACH-less procedure may be considered for on-board RRC_CONNECTED UEs, which are to be handed over together with the mobile IAB-node (would depend also on the assumptions for UL synch). 
R2 assumes that CHO or delayed RRC config could be the baseline for group mobility (FFS if could be applicable for mobility of IAB MT), i.e. with a preparation in advance (not immediately) of the execution. 

And in RAN2#120 [3], RAN2 further discussed CHO enhancement, but majority companies preferred not to enhance CHO, as captured in Chair Notes:
Chair: From Companies opinions, there seems to be a significant bar for enhancements for connected mode mobility, It seems that Options 1 and 3 (as they are Rel17 and earlier with no change) are favored by many companies.  

Meanwhile, Rel-18 NTN agreed to support RACH-less handover in RAN2#121 [4]:
Agreements:
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
In this contribution, we discuss whether and how to support RACH-less handover in Rel-18 mobile IAB.
2 Discussion  
[bookmark: _Ref54102585][bookmark: _Ref54102582]2.1 Whether to support RACH-less HO in mobile IAB
Rel-18 NTN agreed to support RACH-less handover in RAN2#121 [4]:
Agreements:
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
We think it means that technically there is no showstopper to support RACH-less handover in mobile IAB. 
Observation 1: Rel-18 NTN has agreed to support RACH-less HO. It means technically there is no showstopper to support RACH-less handover in mobile IAB.
And we think the intention of RACH-less HO mobile is clear: 
1) The UEs don't need to perform RACH during full migration because synchronization with the migration IAB node DU can be maintained.
2) Multiple UEs' preamble transmissions may be collided if HO are executed simultaneously for these UEs.
Observation 2: The intention of supporting RACH-less HO in mobile IAB includes:
1) The UEs don't need to perform RACH during full migration because synchronization with the migration IAB node DU can be maintained.
2) Multiple UEs' preamble transmissions may be collided if HO are executed simultaneously for these UEs.
Meanwhile, please note that LTE has already specified RACH-less HO in LTE Rel-14, which can be a good start point of RACH-less group HO in mobile IAB with manageable spec efforts. Thus, we think it is straight forward to allow NW to indicate UE to skip RACH during group mobility. 
Observation 3: Because LTE has already specified RACH-less HO in LTE Rel-14, the specification work of RACH-less HO for mobile IAB is manageable.
We suggest RAN2 to agree supporting RACH-less group HO.
Proposal 1: Introduce RACH-less handover in mobile IAB, i.e. a group of UEs can be indicated by NW to skip RACH during group handover caused by inter-donor full migration. 
2.2 How to support RACH-less HO in mobile IAB
First, we discuss how to identify on-board UE(s). As legacy UE doesn't support RACH-less HO, RAN2#119-e agreed that RACH-less HO is only considered for on-board RRC_CONNECTED UEs rather than surrounding UEs:
R2 assumes RACH-less procedure may be considered for on-board RRC_CONNECTED UEs, which are to be handed over together with the mobile IAB-node (would depend also on the assumptions for UL synch). 

Thus, the NW should be able to identify on-board RRC_CONNECTED UEs, so that NW can correctly configure RACH-less HO. 
Observation 4: RAN2#119-e agreed that RACH-less HO is only considered for on-board RRC_CONNECTED UEs rather than surrounding UEs. Thus, the NW should be able to identify on-board RRC_CONNECTED UEs, so that NW can correctly configure RACH-less HO. 
Please note that how a UE determines it is on-board has been extensively discussed in cell (re)selection enhancement of mobile IAB. Although this discussion is not finalized yet, majority view is that the UE can handle it at least by some implementation. For RRC_CONNECTED UE(s), we believe that gNB can also have implementation based solution to determine whether a UE is on-board (e.g. if a UE connects to the gNB for a long time). Meanwhile, since it seems to be consensus that the UE can also determine its on-board status, we think such information can be reported to gNB as assistance information.
Observation 5: How a UE determines it is on-board has been extensively discussed in cell (re)selection enhancement of mobile IAB. Although this discussion is not finalized yet, majority view is that the UE can handle it at least by some implementation. 
Proposal 2: To assist gNB to determine how to configure RACH-less HO, RRC_CONNECTED UE can report whether it is on-board to gNB via UAI message. 
Please note that the UE reporting on its on-board status is just served as assistance information. It is finally up to NW implementation to decide which UEs are on-board and can be configured with RACH-less HO. Meanwhile, for the other UEs, it is clear that legacy HO procedure is applied to them. We think RAN2 should confirm the understanding. 
Proposal 3: It is finally up to NW implementation to decide which UEs are on-board and can be configured with RACH-less HO. Legacy HO procedure is applied to other UEs in inter-donor full migration.   
Then, from procedure perspective, we think the key issues of RACH-less group handover are below 4 aspects:
1) How the UE derives TA information of target DU
2) How the UE sends RRCReconfigurationComplete message to target DU upon HO execution
3) How the UE updates security key during RACH-less HO
4) How the UE handles T304 timer during RACH-less HO
As we mentioned before, LTE RACH-less HO should be reused as much as possible. Thus, we list the corresponding part of LTE RACH-less HO for each issue.:
· For issue 1), TS 36.331 [5] introduced IE RACH-skip-r14 for the UE to derive TA of target cell. Specifically, NW can explicitly indicate whether the TA is 0 (for small cell) or same as one TAG of source cell. For mobile IAB, it is expected that TA of target DU is same as the TA of source DU. Thus, LTE mechanism can be reused.     
From Clause 6.3.4 of TS 36.331:
RACH-Skip-r14 ::=					SEQUENCE {
	targetTA-r14					CHOICE {
		ta0-r14							NULL,
		mcg-PTAG-r14						NULL,
		scg-PTAG-r14						NULL,
		mcg-STAG-r14					STAG-Id-r11,
		scg-STAG-r14					STAG-Id-r11
	},
	ul-ConfigInfo-r14				SEQUENCE {
		numberOfConfUL-Processes-r14			INTEGER (1..8),
		ul-SchedInterval-r14			ENUMERATED {sf2, sf5, sf10},
		ul-StartSubframe-r14			INTEGER (0..9),
		ul-Grant-r14					BIT STRING (SIZE (16))
	}																OPTIONAL	-- Need OR
}
Observation 6: In LTE RACH-less HO, NW can explicitly indicate whether the TA is 0 (for small cell) or same as one TAG of source cell.
· For issue 2), the above IE ul-ConfigInfo-r14 in TS 36.331 and the below highlighted part in TS 36.300 [6] illustrates that PUSCH of target cell via preconfigured uplink or dynamic uplink grant can be used to send RRCReconfigurationComplete message. We think this mechanism can be reused in mobile IAB. Meanwhile, please note that configured grant type 1 (CG type1) is introduced in NR for preconfigured uplink grant. Thus, CG type 1 configuration can be included in RACH-less HO command.   
Observation 7: In LTE RACH-less HO, preconfigured uplink grant for accessing the target eNB can be included in HO command. If not provided, the UE monitor PDCCH of the target eNB to receive an uplink grant.
· For issue 3), the below highlighted part in TS 36.300 illustrates that the UE performs key update upon reception of HO command. We also think such mechanism can be reused in mobile IAB.
From Clause 10.1.2.1.1 C-plane handling of TS 36.300
7	The target eNB generates the RRC message to perform the handover, i.e. RRCConnectionReconfiguration message including the mobilityControlInfo, to be sent by the source eNB towards the UE. The source eNB performs the necessary integrity protection and ciphering of the message.

The UE receives the RRCConnectionReconfiguration message with necessary parameters (i.e. new C-RNTI, target eNB security algorithm identifiers, and optionally dedicated RACH preamble, target eNB SIBs, etc.) and is commanded by the source eNB to perform the HO. If RACH-less HO is configured, the RRCConnectionReconfiguration includes timing adjustment indication and optionally preallocated uplink grant for accessing the target eNB. If preallocated uplink grant is not included, the UE should monitor PDCCH of the target eNB to receive an uplink grant. The UE does not need to delay the handover execution for delivering the HARQ/ARQ responses to source eNB.
   ...
9	If RACH-less HO is not configured, after receiving the RRCConnectionReconfiguration message including the mobilityControlInfo, UE performs synchronisation to target eNB and accesses the target cell via RACH, following a contention-free procedure if a dedicated RACH preamble was indicated in the mobilityControlInfo, or following a contention-based procedure if no dedicated preamble was indicated. UE derives target eNB specific keys and configures the selected security algorithms to be used in the target cell. 

If RACH-less HO is configured, UE performs synchronisation to target eNB. UE derives target eNB specific keys and configures the selected security algorithms to be used in the target cell.
10	If RACH-less HO is not configured, the target eNB responds with UL allocation and timing advance.
10a If RACH-less HO is configured and the UE did not get the periodic pre-allocated uplink grant in the RRCConnectionReconfiguration message including the mobilityControlInfo, the UE receives uplink grant via the PDCCH of the target cell. The UE uses the first available uplink grant after synchronization to the target cell.
11	When the RACH-less HO is not configured and the UE has successfully accessed the target cell, the UE sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, along with an uplink Buffer Status Report, and/or UL data, whenever possible, to the target eNB, which indicates that the handover procedure is completed for the UE. The target eNB verifies the C-RNTI sent in the RRCConnectionReconfigurationComplete message. The target eNB can now begin sending data to the UE.
   When the RACH-less HO is configured, after the UE has received uplink grant, the UE sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, along with an uplink Buffer Status Report, and/or UL data, whenever possible, to the target eNB. The target eNB verifies the C-RNTI sent in the RRCConnectionReconfigurationComplete message. The target eNB can now begin sending data to the UE. The handover procedure is completed for the UE when the UE receives the UE contention resolution identity MAC control element from the target eNB
· For issue 4), the below highlighted part in TS 36.331 illustrates that T304 timer is stopped when lower layers has received the acknowledge of successful transmission of RRCReconfigurationComplete message. We think this mechanism can be reused in mobile IAB.From Clause 5.3.5.4 of TS 36.331
1>	submit the RRCConnectionReconfigurationComplete message to lower layers for transmission;
1>	if MAC successfully completes the random access procedure; or
1>	if MAC indicates the successful reception of a PDCCH transmission addressed to C-RNTI and if rach-Skip is configured:
2>	stop timer T304;
2>	if daps-HO is configured for any DRB:
3>	stop timer T310 for the source PCell, if running;
3>	for each DAPS bearer trigger UL data switching, as specified in TS 36.323 [8];
2>	release rach-Skip;

Observation 8: In LTE RACH-less HO, the UE performs key update upon reception of HO command.  
Observation 9: In LTE RACH-less HO, T304 timer is stopped when lower layers has received the acknowledge of successful transmission of RRCReconfigurationComplete message
Based on Observation 6-9, we can see that LTE RACH-less HO mechanism can be reused as baseline of RACH-less HO in mobile IAB. It can be confirmed as RAN2 common understanding. Meanwhile, we also think further enhancements target for mobile IAB should not be excluded, and it can be discussed based on company contributions in future meetings.  
Proposal 4: Reuse the following LTE RACH-less HO design for RACH-less HO in mobile IAB: 
1) NW can explicitly indicate the TA of target DU is same as which TAG of source DU in HO command
2) The UE sends RRCReconfigurationComplete message to target DU via PUSCH indicated by either preconfigured CG type-1/one-shot uplink grant in HO command (if provided) or dynamic UL grant. 
3) Upon reception of HO command, the UE performs security update, including MAC reset and L2 re-establishment. 
4) T304 timer is stoped upon reception of lower layer acknowledge for the successful transmission of the RRCReconfigurationComplete message. The condition to start T304 timer and UE behavior upon expiry of T304 are same as legacy.
And further enhancements target for mobile IAB are not be excluded, i.e. can be discussed based on company contribution in future meetings.
3 Conclusion
In this contribution, we further RACH-less handover for Rel-18 mobile IAB. Our observations are:
Observation 1: Rel-18 NTN has agreed to support RACH-less HO. It means technically there is no showstopper to support RACH-less handover in mobile IAB.
Observation 2: The intention of supporting RACH-less HO in mobile IAB includes:
1) The UEs don't need to perform RACH during full migration because synchronization with the migration IAB node DU can be maintained.
2) Multiple UEs' preamble transmissions may be collided if HO are executed simultaneously for these UEs.
Observation 3: Because LTE has already specified RACH-less HO in LTE Rel-14, the specification work of RACH-less HO for mobile IAB is manageable.
Observation 4: RAN2#119-e agreed that RACH-less HO is only considered for on-board RRC_CONNECTED UEs rather than surrounding UEs. Thus, the NW should be able to identify on-board RRC_CONNECTED UEs, so that NW can correctly configure RACH-less HO. 
Observation 5: How a UE determines it is on-board has been extensively discussed in cell (re)selection enhancement of mobile IAB. Although this discussion is not finalized yet, majority view is that the UE can handle it at least by some implementation. 
Observation 6: In LTE RACH-less HO, NW can explicitly indicate whether the TA is 0 (for small cell) or same as one TAG of source cell.
Observation 7: In LTE RACH-less HO, preconfigured uplink grant for accessing the target eNB can be included in HO command. If not provided, the UE monitor PDCCH of the target eNB to receive an uplink grant.
Observation 8: In LTE RACH-less HO, the UE performs key update upon reception of HO command.  
Observation 9: In LTE RACH-less HO, T304 timer is stopped when lower layers has received the acknowledge of successful transmission of RRCReconfigurationComplete message

Based on observations, our proposals are:
Proposal 1: Introduce RACH-less handover in mobile IAB, i.e. a group of UEs can be indicated by NW to skip RACH during group handover caused by inter-donor full migration. 
Proposal 2: To assist gNB to determine how to configure RACH-less HO, RRC_CONNECTED UE can report whether it is on-board to gNB via UAI message. 
Proposal 3: It is finally up to NW implementation to decide which UEs are on-board and can be configured with RACH-less HO. Legacy HO procedure is applied to other UEs in inter-donor full migration.   
Proposal 4: Reuse the following LTE RACH-less HO design for RACH-less HO in mobile IAB: 
1) NW can explicitly indicate the TA of target DU is same as which TAG of source DU in HO command
2) The UE sends RRCReconfigurationComplete message to target DU via PUSCH indicated by either preconfigured CG type-1/one-shot uplink grant in HO command (if provided) or dynamic UL grant. 
3) Upon reception of HO command, the UE performs security update, including MAC reset and L2 re-establishment. 
4) T304 timer is stoped upon reception of lower layer acknowledge for the successful transmission of the RRCReconfigurationComplete message. The condition to start T304 timer and UE behavior upon expiry of T304 are same as legacy.
And further enhancements target for mobile IAB are not be excluded, i.e. can be discussed based on company contribution in future meetings.
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