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1	Introduction
Rel. 18 have introduced RACH-less HO for mIAB, LTM and NTN features. The mIAB and NTN features are limited to either timing advance as source or 0 timing advance. For LTM on top of this also a new procedure is defined where UE transmits a preamble, and the timing advance is indicated by the network to the UE. This procedure is called early timing advance acquisition.
In the paper we propose 
1. to generalize the use of RACH-less HO for all L3 mobility procedures
2. to enable the use of early timing advance acquisition for the intra-gNB RACH-less HO.
2	Discussion
2.1	RACH-less HO
RACH-less HO is the procedure of skipping the UL timing synchronization for connecting to the target cell. As the UL timing synchronization is avoided, the interruption related to waiting for the first PRACH occasion after the application of the target configuration and transmitting the first PRACH until the reception of the first UL grant is avoided. 
Observation 1: RACH-less HO enables HO with reduced interruption time.  
The need for RACH-less HO for layer 3 mobility is clear. This is made obvious in Rel. 18 through specific features defining it for their use-case such as mIAB and NTN. In order to guarantee the future proofness of the RACH-less HO feature we believe it can be simply generalized to all L3 handovers. Most importantly RACH-less HO can be an easy way to provide low interruption time for L3 mobility procedures for industrial use-cases or other mission critical use-cases such as FRMCS.
Observation 2: A generalized RACH-less HO can be used for use-cases other than NTN or mIAB and enable future proofness of 5G specification. 
The RACH-less HO can be enabled through,
1- Use of TA as source TA
2- Setting TA to 0
3- Target TA value indicated to the UE during HO, that is obtained through early TA acquisition procedure.
The scenarios in which each of the above cases are applicable are as follows:
1- The use of TA as source TA is possible when the target and source reception units are collocated or in vicinity of each other such that there is no significant propagation delay difference for the UL message.
2- The propagation delay for the UL message is expected to be low such that the UL mis-alignment will not cause any issue. 
3- Any other scenario, where the TA can be acquired in a reasonable time. 

Observation 3: Benefit of reduced interruption time for RACH-less HO will be limited to collocated cells or small cells in case the early TA acquisition procedure is not integrated to the RACH-less HO procedure. 
2.2	Proposed changes
We take a two step approach to enable RACH-less HO where the initial step is to enable RACH-less HO for L3 HO where only TA equal to 0 or TA equal to source is supported. In the second step we list the changes needed for the early TA acquisition for the RACH-less HO.
The first step to enable the RACH-less HO for all L3 handovers we propose a generalized RACH-less HO configuration. We see the following changes are needed to achieve this:
1. A generalized procedure description is needed. (Added in TS 38.300 CR)
2. A general CG configuration (Added to TS 38.331 CR)
a. This can also replace the CG configuration of NTN, LTM and mIAB. 
b. Current MAC specification is written considering a general RACH-less HO CG so no change is needed there.
3. A general DG configuration
4. A general RACH-less UE capability (added to TS 38.306 CR as well as renaming in 38.331)


For configured grant, it is noted that the configurations for LTM, mIAB, and LTM in TS 38.331 are nearly identical; at RAN2#124, it was assumed that CG was not important for mIAB but need not be optimized for mIAB either, so the CG configuration for mIAB was aligned to the other WIs:
· Remove “NTN” from the threshold name as it is assumed to be general
· With the understanding that CG is not optimized for mIAB case: Confirm also the following for the joint CR: 
· When CG is configured for the initial uplink transmission for an mIAB-MT configured with rach-lessHO, the initial uplink transmission shall be performed in the first available CG occasion for RACH-less handover.
· The CG-LTM-retransmission timer for the initial UL transmission using CG is introduced for mIAB. Range of values can be discussed during the CR check phase.

Observation 3: The RACH-less CG configurations are already basically aligned across the WIs.

For dynamic grant, RAN2 originally agreed that the beam indication would be based on TCI State ID in mIAB and based on SSB index in NTN. These agreements were based on certain assumptions about the scenarios and the supporting network configuration/implementation. In the case of mIAB, RAN2 assumed that the network could know which beam to indicate based on the UE's measurement report or based on the network implementation. But since this can anyway be based on the network implementation, there does not seem to be a reason to restrict the type of beam indication in general.
Observation 4: RACH-less DG can be generalized by allowing the network to decide whether to send the beam indication based on TCI state ID or based on SSB index according to its implementation.

Regarding the RACH-less UE capability, RAN2 made following agreements for mIAB at RAN2#124: 
· Restriction that NTA = 0 does not apply to mIAB shall be captured in RRC spec only (i.e. not in MAC).
· If a threshold for DG, e.g. for validation, is agreed (for NTN) the usage of the threshold is configurable and whether to support it is a UE cap. (it is assumed that for mIAB this is not needed).
· CG RACH less and DG RACH less are separate UE caps
· CG RACH less is not assumed to be important for IAB and need not to be optimized for the IAB scenario (but also no strict need to prohibit). 

Meanwhile, NTN defined the following capability at the end of RAN2#124:

	Definition for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	rachLessHandoverNTN-r18
Indicates whether the UE supports RACH-less handover in NTN. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.
For NTN bands, a UE supporting this feature shall also indicate the support of nonTerrestrialNetwork-r17.
	Band
	No
	N/A
	N/A


 
rachLessHandoverNTN-r18 seems to imply support for configured grant and dynamic grant, as they are not distinguished in the capability definition and RAN2 only defined one RACH-less capability for NTN. 
For IAB currently there is no defined capabilities for the feature but we assume that we can consider similar approach as for NTN i.e. single capability instead of separate capabilities for configured grant and dynamic grant. Similarly we would then assume that single capability would be sufficient also for generalized RACH-less HO. So we could have just a capability that is generalized to be applicable for NTN, IAB and general HO purposes.
Observation 5: NTN defined a single RACH-less capability to support configured grant and dynamic grant, which could be generalized for all RACH-less HO.
Additionally we need to consider possible UE capabilities at least for IoT purposes as it is not really expected that all release 18 UEs will always support RACHless HO  - at least until there are real life networks where one can test the feature.
Proposal 1: Generalize existing rachLessHandoverNTN-r18 to rachLessHandover-r18 that may be supported by any release 18 UE (including NTN and IAB).
Proposal 2: Agree to the changes in TS 38.300 and TS 38.331 change requests for those listed above to support RACH-less HO with TA as source or TA equal to 0. 

As the second step, we suggest to consider integrating the early TA acquisition procedure to the RACH-less HO procedure. In order to avoid any RAN3 implications it is assumed this is only supported within intra-gNB handovers. We see the following changes are needed to achieve this:
1. Define a RACH-less candidate configuration to provide the UE with a PRACH configuration for each RACH-less HO candidate cell to enable early TA acquisition. (Added to TS 38.331)
2. Enable indication of a TA value inside the RACH-less HO configuration. (Added to TS 38.331)
3. Change the use of LTM candidate cell related early TA acquisition procedure related text to apply for RACH-less HO candidate cell also. (Added to TS 38.321).

Proposal 3: Agree to the changes in TS 38.331 and TS 38.321 change requests for those listed above to support RACH-less HO with early TA acquisition. 

3	Conclusion
Observation 1: RACH-less HO enables HO with reduced interruption time.  
Observation 2: A generalized RACH-less HO can be used for use-cases other than NTN or mIAB and enable future proofness of 5G specification. 
Observation 3: Benefit of reduced interruption time for RACH-less HO will be limited to collocated cells or small cells in case the early TA acquisition procedure is not integrated to the RACH-less HO procedure. 
Observation 3: The RACH-less CG configurations are already basically aligned across the WIs.
Observation 4: RACH-less DG can be generalized by allowing the network to decide whether to send the beam indication based on TCI state ID or based on SSB index according to its implementation.
Observation 5: NTN defined a single RACH-less capability to support configured grant and dynamic grant, which could be generalized for all RACH-less HO.
Proposal 1: Generalize existing rachLessHandoverNTN-r18 to rachLessHandover-r18 that may be supported by any release 18 UE (including NTN and IAB).
Proposal 2: Agree to the changes in TS 38.300 and TS 38.331 change requests for those listed above to support RACH-less HO with TA as source or TA equal to 0. 
Proposal 3: Agree to the changes in TS 38.331 and TS 38.321 change requests for those listed above to support RACH-less HO with early TA acquisition. 





