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1 Introduction
In RAN2# 123 meeting, although discussion on UE based TA determination and RACH-less LTM was pending, RAN2 reached some of the agreements for supporting the initial UE UL transmission for RACH-less access for LTM [1]:

	· Define the association between CG occasion and beam in RRC and specify that the UE uses a CG occasion associated with the indicated beam in MAC
· Observation: In cases for which it is desired that CG used for LTM is not used further once the UE has made the cell its new serving cell, it is assumed that the network could release Type1 CG resource on LTM completion (existing functionality)

· Before RACH-less LTM procedure completion, the UE shall not trigger RACH (when the UE has no valid PUCCH resource for triggered SRs), as in LTE RACH-less.
· RAN2 assumes For RACH-less LTM, the UE determines successful reception of its first UL data based on receiving a PDCCH addressing the UE’s C-RNTI in the target cell scheduling a new transmission after the first UL data, (FFS if specified contents should be transmitted with this transmission, e.g. as LTE MAC CE). 


In RAN2# 122 meeting, RRC configuration for L1 measurement was discussed and made some progress [2]:

	For L1 measurements for LTM
· The RS configuration is provided to the UE per LTM candidate cell.

· RAN2 assumes that Each candidate DU needs to know the RS configuration of each candidate DUs in order to provide the LTM candidate configuration.

· RAN2 assumes that The CU transmits to each C-DU the RS configuration of S-DU (if this is an LTM candidate cell) and/or other C-DUs, to generate the corresponding L1 configuration for LTM.

· RAN2 assumes C-DU generates the RS configuration and send to the CU. The CU transmits to the Source DU the RS configuration per LTM candidate cell and the associated LTM candidate (when the CU receives LTM candidate configuration(s) from the C-DU). It is up to RAN3 whether the RS configuration is sent before (or at the same time of) the C-DU creates the LTM candidate configuration (and whether is semi-statis or UE associated).


In RAN1 #113 meeting, RAN1 confirmed the working assumption of supporting the UE based RACH-less TA measurement/determination [3]: 
	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


RAN4 has sent RAN1 (also CC to RAN2 and RAN3) an LS [5] indicating in source/target cells collocated cases UE based TA measurement is feasible, and in most common source/target non-collocated cases the time alignment error (TAE) between the source and target cells is a major factor impacting TA accuracy. As pointed out in [4] and implied in [5], in those common mobility scenarios where source and target cells are not collocated, as long as TAE can be compensated, UE based TA measurement is feasible. Therefore, based on RAN1 agreement to support UE based TA measurement/determination and RAN4 LS, RAN2 should start to work on the details to support UE based TA determination. In this contribution, we discuss configuration and upper layer procedure for UE-based TA determination and RACH-less LTM. We also discuss the procedure and subsequent/delta configurations for sequential LTM and the roles of CU and DUs in dynamically adding, maintaining, and removing the candidate cells.
2 Discussion
2.1 Support UE-based RACH-less in LTM
RAN1#113 meeting confirmed to support UE based RACH-less TA determination. As discussed in [4], required by the Rel-18 mobility enhancement WID to support low latency cell switch in inter-DU scenarios, the UE based RACH-less solution should be supported for inter-DU mobility. RAN4 LS [5] indicates at least in certain scenarios, UE based TA measurement can be accurate enough without causing any performance degradation. From [4][5] we can see that the major factor impacting the accuracy of TA determined by the UE is time alignment error (TAE). Normally, source DU and target DU are not precisely synchronized. There is timing offset (i.e., TAE) between the source DU and target DU. UE based TA measurement is feasible if TAE can be removed from the TA derivation.  The source/target cell timing difference is semi-static and can be determined by the network. At 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 a F1 messages. The source/target DL timing difference is sent to the source DU by the CU and configured to the UE by LTM RRC pre-configuration. The network provided source/target timing difference is used by the UE to compensate the TAE due to non-ideal DU synchronization when UE based TA determination is performed. If the TA compensation factor only includes the timing difference between the source and target DUs, it is a per cell parameter. Consider the possibility of the compensation is per TRP and TRP is transparent to upper layers, it is more convenient to configure the TA compensation factor as a per TAG parameter.
Proposal 1: A network TA compensation factor for compensating TAE is included in LTM RRC pre-configuration message. The parameter is configured per TAG of candidate beam(s) for each candidate cell.
In last RAN2 #122 meeting, pre-configured grant (CG) was agreed for RACH-less initial transmission [2]. The pre-configured UL grant is provided by each candidate cell. Then the UL grants associated with candidate cells are RRC pre-configured to the UE.
Proposal 2: The per-candidate cell grant for initial UL transmission is RRC pre-configured to the UE.
As discussed in [4], RAN2 already agreed for CG based RACH-less initial transmission, CG occasions are associated with candidate beams and pre-configured to the UE. When the UE received cell switch command, it use the CG-occasion corresponding to the selected target beam (SSB) to perform initial data transmission. However, the number of CG-occasions is too small to support bigger number of candidate beams, especially when multiple UEs performing LTM at the same time. As pointed out in [4], including SRS at initial RACH-less transmission is desirable for further target TA fine tuning. One possible solution is to preconfigure the dedicated SRSs jointly with CG occasions to be associated wtih the candidate beams to the UE(s). More candidate beams can be associated with CG occasions and SRS jointly. 
Proposal 3: Dedicated SRSs and CG occasions corresponding to candidate beams in a candidate cell are included in RRC message for LTM candidate cell configuration.

In our companion contribution [4], it is illustrated that network assistance for UE-based RACH-less LTM has impact to CU/DU LTM preparation procedure and F1 interface. RAN3 support is required. We propose RAN2 to send an LS to RAN3:
Proposal 4:  Send an LS to RAN3 to inform them RAN2 assumptions and agreements on supporting network compensated UE based RACH-less TA determination, and request RAN3 to support.
2.2 Configuration of L1 measurement in sequential LTM
As has been discussed, allowing sequential HOs in one pre-configuration increases the number of candidate cells/beams which can be much larger than conventional HO. Search/measure all the candidate beams right after pre-configuration increases measurement delay and UE power consumption. On the other hand, when the candidate beams of consecutive HOs are preconfigured, not all of them should be continuously searched and measured by the UE from beginning after pre-configuration. Only the L1 measurement configuration for both measurement and report associated with current serving cell should be used by the UE. Therefore, in preparation phase, L1 measurement report should be configured for initial source serving cell to which the UE is currently connected under LTM configuration and each candidate cell to which the UE will be connected in future as a potential serving cell. The configuration for a candidate cell will be used by the UE when the candidate cell becomes the serving cell after the cell switch. For the UE in the new serving cell, the L1 measurement should be on its own candidate cells/beams which can include previous serving source cell/beams. Therefore, the L1 measurement should be configured at per current serving cell and potential future serving cell (current candidate cell) basis. The RRC needs to pre-configure “the subsequent candidates of the candidates,” i.e., RRC configures the subsequent candidate cells/beams in groups associated with each candidate cells. The UE only starts to search and measure the candidate cell(s)/beam(s) of the new current serving cell which the UE switched in and changed its role from the candidate to the source serving cell for the next HO, triggered by the completion of previous HO.

Observation 1: For reducing the measurement delay and saving UE power, the UE need not search and measure all the pre-configured candidate cell(s)/beam(s). The UE only need to measure the candidate cell(s)/beam(s) of the current serving cell in sequential LTM.
In RAN2#122 meeting, several important agreements on L1 measurement configurations for sequential cell switches have been reached to serve the purpose observed above. However, the agreements still need further clarification regarding the roles of CU and DUs. Figure 1 illustrates sequential L1 measurement configuration preparation conducted by the CU and DUs and configured to the UE. 
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Figure 1: Preparation of L1 measurement configuration
As shown in Figure 1, the major steps regarding preparation for L1 measurement configurations are:

2. Upon a decision to start LTM pre-configuration, the CU sends a mobility request in mobility preparation phase to a candidate DU/candidate cell (C-Cell) which includes the identity of initial source serving cell (S-Cell) and/or the identities of a list of potential serving cell(s) of this candidate cell. Note: a potential S-Cell is currently a C-Cell neighbouring to this C-Cell identified by the CU. Only the candidate cell(s) adjacent to the initial source serving cell needs to provide candidate beams to the initial serving cell.

2.1 The candidate cell reports, to the CU, lists of SSBs of candidate beams and associated L1 measurement configurations for the initial source cell and/or each of its potential serving cell(s). 

3. The CU groups the candidate cells/ SSBs configurations for the initial source S-Cell and each of potential S-Cells.
4. The CU sends the final L1 measurement configurations to the initial source S-DU/S-Cell. The L1 measurement configurations are grouped for initial source S-Cell and each potential S-Cell with associated C-Cells/SSBs.

5. The initial source S-Cell relays the complete L1 measurement configuration to the UE. The UE only performs the L1 measurement based on the group of candidate cells/SSBs preconfigured for its current serving cell. In other words, the UE only uses the L1 measurement configuration for a potential S-Cell when the potential S-Cell becomes a current S-Cell.
Regarding L1 measurement, after a cell switch, the UE should continue to perform the L1 measurement and report based on currently UE maintained measurement configuration of the new serving cell. The L1 measurement report should be now reported to the new source serving cell by the UE. The triggering of a subsequent cell switch is based on the L1 measurement report to current source serving cell. 

Proposal 5: RAN2 assumes that in the LTM request sending by the CU to a candidate DU/cell, the CU includes the ID of the initial serving cell and/or the IDs of the potential serving cells of this candidate cell.



- A potential serving cell is currently another candidate cell neighbouring to this candidate cell.

Proposal 6: RAN2 assumes that the candidate DU/cell responds the CU with a group of candidate SSBs’ configurations associated with initial source serving cell, and/or group(s) of candidate SSBs’ configurations associated with potential serving cell(s). 

- Each group of L1 measurement configuration is identified by corresponding (initial)/(potential)serving cell ID and the ID of this candidate cell.

Proposal 7: RAN2 assumes that the CU combines the L1 measurement configurations from different candidate cells for initial and each potential serving cell.

Proposal 8: the UE only uses the L1 measurement configuration for a potential serving cell (a candidate cell) to perform L1 measurement when the potential serving cell becomes the current serving cell.

Figure 1 also indicates that the preparation of sequential L1 measurement configuration has impact to F1 interface and RAN3 mobility procedure. RAN3’s support is required. Based on the above analysis on sequential L1 measurement configuration, we have the following proposals:
Proposal 9: RAN2 sends LS to RAN3 to inform them RAN2 assumptions and agreements on sequential L1 measurement configuration preparation for support.
3 Conclusions

Based on the above discussion, we have the following observations and proposals:
Proposal 1: A network TA compensation factor for compensating TAE is included in LTM RRC pre-configuration message. The parameter is configured per TAG of candidate beam(s) for each candidate cell.

Proposal 2: The per-candidate cell grant for initial UL transmission is RRC pre-configured to the UE.

Proposal 3: Dedicated SRSs and CG occasions corresponding to candidate beams in a candidate cell are included in RRC message for LTM candidate cell configuration.

Proposal 4:  Send an LS to RAN3 to inform them RAN2 assumptions and agreements on supporting network compensated UE based RACH-less TA determination, and request RAN3 to support.
Observation 1: For reducing the measurement delay and saving UE power, the UE need not search and measure all the pre-configured candidate cell(s)/beam(s). The UE only need to measure the candidate cell(s)/beam(s) of the current serving cell in sequential LTM.

Proposal 5: RAN2 assumes that in the LTM request sending by the CU to a candidate DU/cell, the CU includes the ID of the initial serving cell and/or the IDs of the potential serving cells of this candidate cell.



- A potential serving cell is currently another candidate cell neighbouring to this candidate cell.

Proposal 6: RAN2 assumes that the candidate DU/cell responds the CU with a group of candidate SSBs’ configurations associated with initial source serving cell, and/or group(s) of candidate SSBs’ configurations associated with potential serving cell(s). 

- Each group of L1 measurement configuration is identified by corresponding (initial)/(potential)serving cell ID and the ID of this candidate cell.

Proposal 7: RAN2 assumes that the CU combines the L1 measurement configurations from different candidate cells for initial and each potential serving cell.

Proposal 8: the UE only uses the L1 measurement configuration for a potential serving cell (a candidate cell) to perform L1 measurement when the potential serving cell becomes the current serving cell.
Proposal 9: RAN2 sends LS to RAN3 to inform them RAN2 assumptions and agreements on sequential L1 measurement configuration preparation for support.
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