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1 Introduction
In RAN2# 122 meeting, RAN2 reached some of the agreements for supporting the initial UE UL transmission for RACH-less access to the target cell in LTM [1]:

	· 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).


In RAN1 #113 meeting, RAN1 confirmed the working assumption of supporting the UE based RACH-less TA acquisition [2]: 
	Agreement

Confirm the following Working Assumption, and sent LS to RAN4 to clarify the feasibility of supporting this mechanism

Working Assumption

From RAN 1 perspective, UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 

· Corresponding UE capability is to be introduced to support UE-based TA measurement

· For a UE reports support of this capability, configuration of UE-based TA measurement is supported

· FFS: other impacts on RAN1 spec


In this Tdoc, following the RAN1 agreement of supporting UE based RACH-less TA determination, we also propose to support UE based RACH-less for LTM in RAN2 and discuss the solutions to support the UE based TA determination from upper layer perspective, especially in inter-DU scenario. 
2 Discussion
2.1 Support UE based RACH-less inter-DU mobility
From Rel-18 mobility enhancement WID, one can see that the scope of this WID including the intra-CU/inter-DU and the source and target cell are non-synchronized scenarios.:
1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:

…

· Timing Advance management [RAN1, RAN2]

…

Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:

· Standalone, CA and NR-DC case with serving cell change within one CG

· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)

· Both intra-frequency and inter-frequency

· Both FR1 and FR2

· Source and target cells may be synchronized or non-synchronized

In common mobility scenarios, for a cell switch there is a time window for the UE to move across the source and target cell coverage overlapped area. Not like the RRC pre-configuration, the RACH cannot be performed too early before the UE enters the border area and synchronizes with the target cell. If the UE moves out of the coverage overlapping area and loses connection with the source cell before the target TA of early RACH is received, more service interruption or even a handover failure (HOF) could occur [3]. Therefore, the UE based TA measurement and RACH-less approach is the only solution which can fulfil the low latency requirement for fast cell switch mobility scenarios. In order to achieve the objective of minimizing latency and supporting the fast cell switches in LTM as required by this WID, RAN1 agreed to support UE based TA measurement without the need of RACH prior or during a cell switch [1]. To further fulfil the above scope of the WID, UE based TA determination shall support mobility across DUs which are generally not precisely synchronized. 
Observation 1: UE based RACH-less TA determination for LTM is the only solution meeting the low latency requirement of Rel-18 mobility WID in fast cell switch scenario.
Observation 2: Required by the scope of Rel-18 mobility WID, UE based TA determination should support mobility across DUs which are generally not precisely synchronized.
In inter-DU scenario, source DU1 and target DU2 are generally not precisely synchronized. There is timing offset between the (sub-frame boundaries of) data transmission at source DU1 and target DU2, and the timing offset can change over the time due to possible drifting of the local clocks with the DUs. Since the UE based TA determination is to use the source cell TA and UE measured timing difference of the reference signals of the source cell versus the target cell to derive the target cell TA, if in inter-DU scenarios the reference signal time difference (RSTD) is directly used, the timing offset between the DUs can cause large inaccuracy on the derived target cell TA. Therefore, the timing offset between the asynchronous DUs shall be removed to allow the UE based TA measurement to be used in inter-DU mobility scenario.

Observation 3: Timing offset between the asynchronous DUs shall be compensated to allow the UE based TA measurement to be used in inter-DU mobility scenario.
The timing offset between the source and target DUs is static or semi-static and they can be easily determined by the network at the mobility preparation and pre-configuration phase (see next session for more details). Then the adjustment for asynchronous nodes compensation can be configured to the UE by RRC pre-configuration. In normal mobility scenario with asynchronous source and target nodes, the final TA of the target cell/TRP can be determined at the UE by:

Target_TA = Source_TA + 2*RSTD + TA_NT_Adj_Factor,

where TA_NT_Adj_Factor is the network TA adjustment factor determined by the network which compensates the biases caused by timing offset between DUs and possibly front-haul DL/UL asymmetry if any. Network assistance with compensation is essential to allow UE based TA measurement to be used in much wider range of inter-DU mobility scenarios.
Observation 4: The bias of non-ideal synchronization and DL/UL asymmetry on the UE RSTD measurement can be indicated by the network to the UE and eliminated when the UE derives TA.

Observation 5: Network assistance for non-ideal bias compensation is essential to employ UE based TA measurement in Rel-18 inter-DU mobility scenarios.
The UE-based RACH-less solution eliminates the latency caused by RACH during mobility. It is reliable and relatively simple. The LTE supported RACH-less scenarios (TA=0 and Target TA = Source TA) are also covered by the UE-based solution.
Proposal 1: Support UE based TA measurement in non-precisely synchronized inter-DU mobility scenarios with network non-ideal bias compensation.
- The network compensation is RRC pre-configured to the UE. 
2.2 Network assistance for timing bias compensation
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Figure 1: Network assistance for UE-based RACH-less LTM in preparation phase and RRC configuration
As shown in Figure 1, the network assistance for compensation on non-precise synchronization among DUs and DL/UL asymmetry can be performed among the CU and DUs during LTM preparation and RRC configuration. In the example illustrated in Figure 1, the function is mainly conducted in the follow steps:

In LTM preparation phase, 

1. Based on L3 measurement report and other additional information facilitated UE trajectory prediction, the CU decides to perform LTM pre-configuration with multiple candidate DU(s)/Cell(s).

2. Then the CU, via F1, sends LTM preparation requests to the candidate DUs including timing offset check with CU time stamp. The timing offset check with CU time stamp is also sent to the source DU.

2.1 Upon receiving the LTM preparation request, the candidate DU sends acknowledgement back to the CU with its timing offset relative to the CU, configured grant (CG) for the first data transmission at the target cell, SRSs and CG occasions associated with candidate beams. 
2.2 The source DU also responds with its timing offset relative to CU.

3. The CU provide all the candidate DUs’ configurations including TA network compensations of the candidate DUs/Cells to the source DU.

4. The source DU performs RRC pre-configuration to the UE with the UE-based RACH-less configuration parameters including candidate cells/beams and associated SRSs and CG occasions, TA NW adj. factors, per candidate cell configured grants (CG)s for first UL transmission.
6. Upon receiving the target cell access command, the UE transmits the target beam associated SRS and initial message on the target beam associated CG occasion, based on the pre-configured grant following the target cell refence timing and TA.

As discussed in previous section, the source DU and target DU are normally not precisely synchronized. There is timing offset between the source DU and target DU. In addition, the fronthaul between the DU and the TRP may also introduce asymmetric DL and UL propagation delay. The timing offset between the nodes (e.g., DUs) is mainly due to their local clock drifting. Clock drifting is normally a much slower process than mobility activities. Therefore, these factors are static or semi-static and they can be determined by the network at initial calibration and at the mobility preparation phase. As illustrated in Figure 1, at the LTM preparation phase, the CU can determine the timing offset between the source and candidate DUs by sending them timing offset checks with time stamp via F1 messages. Upon receiving the LTM request with time stamp from the CU, the source and candidate DUs can determine their timing offsets relative to the CU given the DU/CU mid-haul delay is static and known to the DUs. Based on the source and candidate DUs reported timing offsets relative to the CU, the CU determines the timing offset between the source and target DUs. The source and candidate DUs’ timing offset can be combined with other factors into a network TA adjustment factor by the CU. The network adjustment factor is sent to the source DU and configured to the UE by mobility RRC pre-configuration.  

Observation 6: Timing offset between the asynchronous DUs can be easily obtained by the CU with conventional time stamp approach. 
Proposal 2: RAN2 assumes at the LTM preparation phase the CU determines the TA network adjustment factor which compensates the asynchronous source and target DUs’ timing offset.

Proposal 3:  The CU sends all the adjustment factors of all the candidate DUs to the source DU/cell, and the source DU/cell configures the adjustment factors to the UE through RRC LTM pre-configuration. 

Proposal 4: RAN2 sends LS to RAN3 to inform them RAN2 agreements and assumptions on network assistance for compensating the bias caused by non-precise synchronization among DUs.
2.3 Support UE based TA determination and RACH-less at lower layer
Since the UE continues moving in the serving cell, the source serving cell TA previously determined and maintained at the UE may become imperfect/inaccurate over the time.  The UE based TA measurement rely on the accuracy of the source TA. In order to ensure the accuracy of the target TA derived by the UE with the source TA, it is desirable to update the dynamic change on the source TA at the time of issuing cell switch command.  In cell switch command MAC CE, there is an agreed TA field for the target cell TA (for PDCCH-ordered RACH), when UE based RACH-less TA measurement is enabled, this field can be indicated to carry the dynamic change of the source TA.

Proposal 5: The cell switch command includes a bit field to indicate whether the TA field contains the target TA or the dynamic change of the source TA. 
· The dynamic change of the source TA is used for the absolute source TA update at the UE.

· If the change of the source TA is included, the UE performs the UE based TA measurement with the updated source TA. 
· If the target TA is included, the UE directly uses it for RACH-less access to the target cell.
In RAN2 #122 meeting, RAN2 agreed to support (pre-)configured grant (CG) for RACH-less initial transmission to the target cell:
· 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 RACH-less access to the target, there is no dedicated preamble to serve the purpose of target beam indication. As indicated in above RAN2 agreement from RAN2#122 meeting, the grant occasion is associated with the selected target beam which serves the function of indicating the selected target beam to the target cell. The limitation of this approach is that the CG occasion cycle has to be much shorter than the RACH cycle to ensure a much less latency for RACH-less LTM. As a result, the number of CG occasions will be very small which imposes a limitation on the number of candidate-beams to be pre-configured. 

An alternative solution was proposed in [4], the dedicated SRSs associated with candidate beams of the candidate cells can be preconfigured to the UE to serve the purpose target beam indication. Upon a cell switch or target cell access is triggered, the UE performs the initial transmission to the target cell including to transmit SRS corresponding to the selected target beam. In addition, the dedicated SRS can be used for further target TA fine tuning at the target cell. However, the dedicated SRS resources are also limited.

Considering the number of the candidate beams in a candidate cell and more than one UE may need to perform LTM at the same time, more resources are needed for target beam indication to the target cell. Probably the better solution is to make use of both dedicated SRS and CG occasion resources to support candidate beam association for multiple UEs. For example, if 3 CG occasions and 4 dedicated SRSs are allowed, we have 12 combinations to be used for association with multiple candidate-beams for UEs in LTM. 

Proposal 6: Dedicated SRSs associated with candidate beams are preconfigured jointly with CG occasions to the UE. Upon receiving cell switch command, the UE uses specific CG occasion and transmits the SRS corresponding to the selected target beam of the target cell.

3 Conclusions
Based on the above discussion, we have the following observations and proposals:
Observation 1: UE based RACH-less TA determination for LTM is the only solution meeting the low latency requirement of Rel-18 mobility WID in fast cell switch scenario.
Observation 2: Required by the scope of Rel-18 mobility WID, UE based TA determination should support mobility across DUs which are generally not precisely synchronized.
Observation 3: Timing offset between the asynchronous DUs shall be compensated to allow the UE based TA measurement to be used in inter-DU mobility scenario.
Observation 4: The bias of non-ideal synchronization and DL/UL asymmetry on the UE RSTD measurement can be indicated by the network to the UE and eliminated when the UE derives TA.

Observation 5: Network assistance for non-ideal bias compensation is essential to employ UE based TA measurement in Rel-18 inter-DU mobility scenarios.
Proposal 1: Support UE based TA measurement in non-precisely synchronized inter-DU mobility scenarios with network non-ideal bias compensation.
- The network compensation is RRC pre-configured to the UE. 
Observation 6: Timing offset between the asynchronous DUs can be easily obtained by the CU with conventional time stamp approach. 
Proposal 2: RAN2 assumes at the LTM preparation phase the CU determines the TA network adjustment factor which compensates the asynchronous source and target DUs’ timing offset.

Proposal 3:  The CU sends all the adjustment factors of all the candidate DUs to the source DU/cell, and the source DU/cell configures the adjustment factors to the UE through RRC LTM pre-configuration. 

Proposal 4: RAN2 sends LS to RAN3 to inform them RAN2 agreements and assumptions on network assistance for compensating the bias caused by non-precise synchronization among DUs.

Proposal 5: The cell switch command includes a bit field to indicate whether the TA field contains the target TA or the dynamic change of the source TA. 

· The dynamic change of the source TA is used for the absolute source TA update at the UE.

· If the change of the source TA is included, the UE performs the UE based TA measurement with the updated source TA. 

· If the target TA is included, the UE directly uses it for RACH-less access to the target cell.
Proposal 6: Dedicated SRSs associated with candidate beams are preconfigured jointly with CG occasions to the UE. Upon receiving cell switch command, the UE uses specific CG occasion and transmits the SRS corresponding to the selected target beam of the target cell.
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