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In previous RAN2 meetings, following agreements were made for early TA acquisition and RACH-Less LTM. 
	RAN2#119bis-e
RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this. 
RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 
RAN2#121bis-e
From RAN2 perspective, to enable shared preamble resource among multiple UEs, it is beneficial that the information that identifies the allocated CFRA resource (i.e., SS/PBCH index, RACH occasion, and Random Access Preamble index) can be indicated in the PDCCH order (as legacy intra-cell PDCCH order). 
RRC RACH configuration for early TA acquisition (e.g., including whether RAR needs to be received) is specific per target cell and is signalled separately (separate IEs) from the candidate cell configuration (the part that need to be applied at cell switch).
R2 assumes that Early TA RACH option 3 (with RAR from candidate cell) is not needed in Rel-18.
With the assumption that the UE will skip RACH in the target cell if a TA value is given in the cell switch command: It is FFS if the following TA values can be given to the UE: 
- Value 0, 
- Value indicating that the UE shall apply the TA of one source cell. 
In RACH-less LTM, the target cell is aware of the UE’s arrival based on reception of the first UL transmission from this UE
In RACH-less LTM, RRCReconfigurationComplete can be the content of the first UL MAC PDU/transmission to indicate UE arrival, i.e. no need to introduce any new signaling to indicate UE arrival (for the MCG-switch case)
RAN2#122
Dynamic grant can be used for RACH-less LTM, for the first UL data transmission to the target cell:
- the UE monitors PDCCH for dynamic scheduling from the target cell, upon LTM cell switch. 
- upon cell switch decision, R2 assumes that the source DU informs the target DU about the selected beam, so that the target DU can start scheduling dynamic UL grant. 
Configured grant can be used for RACH-less LTM, for the first UL data transmission to the target cell, the UE selects the configured grant occasion, which is associated with the beam indicated in the LTM MAC CE (as set by source cell). FFS further optimization 
For early TA acquisition for candidate Cells
For PDCCH ordered early TA acquisition without RAR, there is no need for UE to maintain the TA timer for candidate cell (i.e. it is NW implementation to determine the TA validity), TA is given in the cell switch MAC CE (when available in the network). 
RAN2 doesn’t see a need for a solution with RAR in for Rel-18. 
Observation: Without RAR (without UE maintaining TA), the UE will need to do RACH for link recovery and/or conditional (if supported), which is acceptable in Rel-18
The UE determines to trigger RACH-less cell switch in MAC layer, if the LTM cell switch MAC CE provides the TA value (no RAR is assumed).
If the TA maintenance etc for candidate cell(s) in the UE is needed, the TA(s) associated with candidate cell(s) can be maintained during LTM (TDB exactly which cells decide stage-3). 


In this contribution, we review the design of Rel-14 RACH-less, consider the different scenarios of RACH-less LTM, and discuss the potential issues in early TA acquisition and RACH-less LTM.  
Discussion
Rationale of RACH-less HO
In Rel-14 LTE, RACH-less HO/SeNB change is defined as ‘skip random access procedure during handover or change of SeNB’. In current running CR for Rel-18 NR LTM, RACH-less LTM is defined as ‘an LTM cell switch procedure where UE skips the RA procedure’. Even though there is no difference between the definitions of RACH-less HO and RACH-less LTM, the scenarios concerned in Rel-14 RACH-less HO and RACH-LTM are different. Despite there being no distinction in the definitions for both Rel-14 RACH-less HO and RACH-less LTM, the scenarios concerning the two in Rel-14 RACH-less HO and RACH-LTM are indeed different. 
In the context of LTE Rel-14 and its RACH-less handover, it only supports two specific scenarios. 
· Scenario 1: TA value set to 0 for small cell deployment, 
· Scenario 2: TA value set to the latest NTA when the TA value of the target cell is the same as one of the serving cells. 
In Rel-14 LTE RACH-less HO, the TA value of the target cell can be pre-configured in the HO command and UE doesn’t need to transmit preamble at all for TA value acquisition. However, RACH-less LTM accommodates more generalized scenarios where the TA value of the target cell cannot be preconfigured. The early TA acquisition of the target cell still depends on preamble transmission, which is triggered by a PDCCH order from the source cell. An open question in Release 18 LTM is whether to support the specific scenarios, i.e., Scenario 1 and Scenario 2 above for RACH-less LTM.
Observation 1: Unlike RACH-less HO in LTE Rel-14, which does not require preamble transmission, RACH-less LTM needs to support early TA acquisition via PDCCH-ordered preamble transmission. 
Scenario 1 can be supported without much difficulty. Based on the deployment, network knows whether the candidate cells are small cells or not and set TA value to 0 for those candidate cells in the pre-configuration message. 
Proposal 1: RACH-less LTM supports the scenario with deployment of small cells and TA value 0 is configured for the applicable candidate cells in the pre-configuration RRC message. 
[bookmark: _Hlk141700783]However, supporting of scenario 2 is problematic if the TA value (NTA) is given in a semi-static manner in RRC pre-configuration message, when subsequent LTM is executed. NTA refers to the latest NTA value of one of the serving cells, but the serving cells are changing upon each subsequent LTM execution. The network can provide NTA for the next cell switch referring to the current serving cells but is not able to provide NTA configurations for the target cells in the following subsequent LTM executions. In other words, it’s more practical that NTA is given in the cell switch command instead of RRC pre-configuration message. How to provide the value in MAC CE is left to stage-3 MAC CE content discussion. For example, NTA can be provided in the form of bitmap indicating selection among mcg-PTAG, scg-PTAG, mcg-STAG, and scg-STAG. Or NTA can be provided with the actual TA value. 
Observation 2:  While the network can supply NTA for the next cell switch with reference to the current serving cells, it struggles to provide NTA configurations for the target cells in subsequent LTM executions.
[bookmark: _Hlk141700817]Proposal 2: RACH-less LTM support the scenario in which the TA value of the target cell matches that of one of the serving cells, with the TA value provided in the cell switch command. 
UE capability for RACH-less LTM
For LTM, RACH-less LTM should be optionally supported. If UE doesn’t have the capability to support RACH-less LTM, RACH-based LTM procedures should be performed. 
If RACH-less LTM needs to support TA acquisition w/wo preamble transmission, the question is whether to differentiate those two types of scenarios. One option is that only one capability bit is used to indicate whether RACH-less LTM is supported or not by the UE. The other option is that two separate capability bits are used to indicate support of early TA acquisition through PDCCH-ordered preamble transmission and support of pre-configured TA without preamble transmission respectively. Two separate capability bits indicating support of TA acquisition w/wo preamble transmission is preferred, since they allow more implementation flexibility in both network side and UE side. 
Proposal 3: RACH-less LTM is made available as an optional feature in the context of LTM. 
Proposal 4: Two separate capability bits are required for RACH-less LTM, one for early TA acquisition via PDCH-ordered preamble transmission and the other for pre-configured TA value without preamble transmission.  
Utilization of CG and DG for RACH-less LTM
In RAN2#122 meeting, it was agreed that both CG and DG are supported for RACH-less LTM. The problem is how UE decides to monitor CG or DG for the first UL data transmission to the target cell. If RACH-less LTM is configured with preallocated CG provided in the pre-configuration RRC message, UE accesses the target cell via CG. Otherwise, UE monitors the DG from the target cell. 
Proposal 5: For RACH-less LTM, UE monitors CG for the first UL transmission to the target cell if CG of the target cell is preallocated to the UE in the pre-configuration RRC message. Otherwise, UE monitors PDCCH for DG for the first UL transmission to the target cell. 
Need of TA Maintenance for Candidate Cells
In the RAN2#122 meeting, it was a point of agreement in RAN2 that for PDCCH-ordered early TA acquisition without RAR, there's no necessity for the UE to maintain the TA timer for candidate cells. The responsibility for determining the TA validity falls upon the network's specific implementation, and the TA is delivered via the cell switch MAC CE. As a procedure, the UE can adhere to the current handling behavior of the TA timer; that is, the UE starts the TA timer for the target cell upon receipt of the cell switch command and considers the TA timer for the serving cell as expired upon the cell's switch to the next target cell. However, the issue at hand is the determination of whether this same operation is applicable across all scenarios extending beyond PDCCH-ordered early TA acquisition.
Given that the PDCCH-ordered early TA acquisition should be an optional feature for LTM, it might be advantageous to maintain the TA timer for candidate cells across a range of scenarios. One such scenario entails the UE not supporting PDCCH-ordered early TA acquisition. Another scenario could be when the PDCCH-ordered early TA acquisition is not pre-configured by the network, possibly due to limitations in dedicated PRACH resources. Furthermore, there may be a scenario where only some of the candidate cells are pre-configured with dedicated PRACH resources for early TA acquisition, while others are not.
In LTM, the UE may be switched back and forth between the source cell and the target cell. In such scenarios, if candidate cells have previously served as a target cell and the UL TA for these cells has been maintained, the UE can bypass the RACH procedure when returning to the said candidate cell. This could subsequently reduce handover interruptions and latency, even if the network does not support or configure PDCCH-ordered early TA acquisition. UL TA can be maintained either by the UE or the network. If the UE maintains UL TA, it must manage the UL TA timer for each candidate cell. If the network maintains UL TA, there would be no impact on the specifications, though this might increase the complexity of network implementation.
Observation 3: Support TA timer maintenance for candidate cells can reduce the necessity of RACH-based LTM, consequently, reduce the mobility interruption and latency when PDCCH-ordered early TA acquisition is not supported or configured. 
Proposal 6: RAN2 discuss whether the UL TA for the candidate cell is maintained by the UE or by network for LTM.
Misalignment of the TA Timer between UE and NW
In the contribution [2], the issue of the misalignment of the TA timers between UE and NW was raised and discussed. The issue comes from the assumption that the starting point of TA timer at the NW side is earlier than the starting point of TA timer at the UE, and the time gap may not be negligible. Just as illustrated in Figure 1, after the UE sends the preamble, the target DU derives the TA value for the UE and starts the TA timer at the network side. After the coordination among source DU, target DU and CU, the source DU sends the LTM command to UE with the TA value provided. UE starts the TA timer upon reception of the LTM cell switch command. Therefore, there is a time gap between the network and UE for starting the TA timer. 


Observation 4: The initiation of the TA timer by the network occurs noticeably earlier than its commencement by the UE.
Two options are mentioned in [2], Option a) An indication of the TA timer (or delta) is included in the LTM command; Option b) UE figures out the time difference between preamble transmission and reception of LTM command and abstracts the time difference from the TA timer value configured by RRC. 
Both options result in substantial specification impacts and require additional changes to the UE behaviour. Given that the time gap significantly depends on network coordination and implementation, the desired solution is for it to be addressed through network implementation. For example, the TA timer at target DU is started when cell switch decision is made by the source DU and informed to the target DU. Consequently, its impact could be deemed negligible. 
Proposal 7: The issue of TA timer misalignment between the UE and network should be addressed by network implementation.
Conclusion
Observations:
Observation 1: Unlike RACH-less HO in LTE Rel-14, which does not require preamble transmission, RACH-less LTM needs to support early TA acquisition via PDCCH-ordered preamble transmission. 
Observation 2:  While the network can supply NTA for the next cell switch with reference to the current serving cells, it struggles to provide NTA configurations for the target cells in subsequent LTM executions.
Observation 3: Support TA timer maintenance for candidate cells can reduce the necessity of RACH-based LTM, consequently, reduce the mobility interruption and latency when PDCCH-ordered early TA acquisition is not supported or configured. 
Observation 4: The initiation of the TA timer by the network occurs noticeably earlier than its commencement by the UE.
Proposals:
Proposal 1: RACH-less LTM supports the scenario with deployment of small cells and TA value 0 is configured for the applicable candidate cells in the pre-configuration RRC message. 
Proposal 2: RACH-less LTM support the scenario in which the TA value of the target cell matches that of one of the serving cells, with the TA value provided in the cell switch command. 
Proposal 3: RACH-less LTM is made available as an optional feature in the context of LTM. 
Proposal 4: Two separate capability bits are required for RACH-less LTM, one for early TA acquisition via PDCH-ordered preamble transmission and the other for pre-configured TA value without preamble transmission.  
Proposal 5: For RACH-less LTM, UE monitors CG for the first UL transmission to the target cell if CG of the target cell is preallocated to the UE in the pre-configuration RRC message. Otherwise, UE monitors PDCCH for DG for the first UL transmission to the target cell. 
Proposal 6: RAN2 discuss whether the UL TA for the candidate cell is maintained by the UE or by network for LTM.
Proposal 7: The issue of TA timer misalignment between the UE and network should be addressed by network implementation.
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