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1 Introduction
In this contribution, we will further address the issue related to LTM candidate cell configuration procedures.  

2 Discussion

2.1. Candidate cell preparation
- Issue 1: RS configurations for candidate cells

In last RAN2 meeting, the following agreements for L1 measurement:

	· 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).


To generate L1 configuration for each candidate cell (e.g., L1 measurement), the candidate gNB-DU should be aware of the RS configurations of all other candidate cells. From signaling point of view, the procedure should be as follows:

· Step 1: gNB-CU collects the RS configurations from each candidate cell

According to the latest WID, only SSB-based L1 measurement is supported in Rel-18. Thus, the RS configurations is related to SSB. In current F1 interface, the SMTC information has been provided to the gNB-CU via the non-UE associated F1 signaling. Thus, if RAN2 does not have further new requirement, gNB-CU already has the RS configurations of each candidate cell. 

· Step 2: gNB-CU provides RS configurations of other candidate cells when preparing one candidate cell.  
In this step, the gNB-CU should determine all candidate cells first. However, each candidate cell preparation procedure cannot guarantee that each requested candidate cell can be accepted by the candidate gNB-DU. Thus, an intuitive procedure is that sub-step 1) the gNB-CU performs the candidate cell preparation procedure first, where the gNB-CU cannot provide the RS configurations of all candidate cells to the candidate gNB-DU since the gNB-CU cannot derive the candidate cell list; and sub-step 2) gNB-CU informs the RS configurations of each selected candidate cell to the candidate gNB-DU, and then candidate gNB-DU can generate LTM candidate configuration of the candidate cell. Apparently, such procedure will introduce many signaling. A potential method is that the gNB-CU can estimate the potential candidate cell list when preparing each candidate cell so that the UE context setup/modification message can contain a list of potential candidate cells with optionally including the corresponding RS configurations (for intra-DU candidate cell preparation, the candidate gNB-DU already knows the RS configurations so that the RS configurations from gNB-CU is not needed. Thus, gNB-CU will only provide the RS configurations for the inter-DU candidate cells).  If such potential candidate cells are the same as the final candidate cells, the gNB-CU needn’t perform the above sub-step 2); otherwise, the gNB-CU has to perform the above sub-step 2) to derive the updated LTM configuration based on the RS configurations of each candidate cell. 
Proposal 1-1: gNB-CU can derive the RS configurations of each candidate cell (i.e., SMTC) based on the legacy non-UE associated signaling; 

Proposal 1-2: during the candidate cell preparation procedure, gNB-CU can provide the RS configurations of a list of candidate cells   
- Issue 2: Reference configuration

To generate the candidate cell configuration, the gNB-CU should provide the reference configuration to the gNB-DU when preparing the candidate cell. 
Proposal 1-3: the gNB-CU should provide the reference configuration to each candidate gNB-DU serving inter-DU candidate cell(s) when preparing the candidate cell. 
Since the reference configuration is configured as a separated configuration to the UE, it may need separated generation procedure between gNB-CU and source gNB-DU. Different from the normal configuration, the reference configuration does not need the resource reservation. Thus, when gNB-CU requests the reference configurations from gNB-DU via, e.g., UE context modification procedure, it should indicate such purpose so that the gNB-DU will not reserve the resource. 
Proposal 1-4: the gNB-CU can use UE context modification procedure to derive the lower layer configuration (e.g., CellGroupConfig) for the reference configuration, and the purpose of reference configuration generation can be explicitly indicated in the request message. 
- Issue 3: shared early TA resource allocation
RAN2 reached the following agreement:

	· 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). 


RAN2 intends to allocate the preamble resource for early UL synchronization which can be shared by multiple UEs. Thus, it can save the preamble resource. However, the preamble resource cannot be shared among UEs in different gNB-DUs since different gNB-DU assigns the preamble for early TA acquisition independently. Thus, when a candidate gNB-DU assigns the preamble resource, it should make sure that the preamble resource is shared among UEs under same gNB-DU. To achieve this purpose, the candidate gNB-DU should be aware of the gNB-DU ID of the UE for LTM preparation and RA resource request. 
Proposal 1-5: the gNB-CU should indicate the ID of source gNB-DU where the source cell of the UE is located so that the candidate gNB-DU can assign the shared preamble resource for the UEs under the same source gNB-DU. 
2.2. Source cell reconfiguration
· Issue 1: information for source cell reconfiguration
After preparing the LTM candidate cell(s), the serving cell may need the reconfigurations based on the prepared candidate cell. Thus, some information on the candidate cells are needed for the source gNB-DU:

· RS configurations of each LTM candidate cell: this information can help the source gNB-DU configure the L1/L2 measurement for the candidate cell

· Early UL synchronization configuration: this information can help the source gNB-DU handle the early UL synchronization before sending the LTM command to the UE

Proposal 2-1: the gNB-CU can use the UE context modification procedure to provide the following information to source gNB-DU for each candidate cell: 1) RS configurations, and 2) early UL synchronization configuration.
· Issue 2: source cell as candidate cell
To support subsequent LTM, the source cell can be considered as the candidate cell as well. Thus, it requires to generate the LTM configuration for the source cell. In this sense, the gNB-CU should indicate to keep the source cell configuration to the source gNB-DU. With such indication, if the UE leaves the source cell, the gNB-DU can keep the configuration of the UE at the source cell. 
Proposal 2-2: before configuring the LTM candidate cell to the UE, the gNB-CU can indicate to the source gNB-DU that the source cell is also a LTM candidate cell so that the source gNB-DU can keep source cell configuration after the UE leaves the source cell. 

· Issue 3: Admitted DRBs 

Different from the normal handover, the handover decision is made by the source gNB-DU in LTM. In the normal handover, the source gNB can make the decision based on the measurement results and the admission result of each target cell. Similarly, if the source gNB-DU can know the admitted DRBs for each candidate cell, the source gNB-DU can make better decision on the LTM target. 

Proposal 2-3: the gNB-CU can inform the source gNB-DU the admitted DRBs of each candidate cell 

2.3. Early TA acquisition
· Issue 1: TA value derivation

In last RAN2 meeting, the following agreements are reached:
	· 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. 
· 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).


It can be observed that 1) the RAR is not needed for the UE so that neither source gNB-DU nor candidate gNB-DU will send the RAR to the UE, and 2) the TA value is provided via the LTM command. In case of inter-DU LTM, the source gNB-DU should derive the TA value from the candidate gNB-DU. There are two options to achieve this:
· Option 1: the source gNB-DU acquires the TA value from the candidate gNB-DU via gNB-CU
In this option, in order to identify the corresponding preamble for the request TA value, the source gNB-DU should provide the information related to the preamble sent by the UE for early TA acquisition, e.g., cell ID, preamble index (e.g., RAPID), SSB/PBCH index, RACH occasion (e.g., RA-RNTI), carrier ID, etc. For this option, the UE associated procedure can be used. 
· Option 2: the candidate gNB-DU sends the TA value after receiving the preamble to source gNB-DU via gNB-CU
In this option, the candidate gNB-DU cannot identify the UE of the received preamble. Thus, it has to use non-UE associated procedure to provide the TA value. Meanwhile, in order to help the source gNB-DU identify the UE of the TA value, the candidate gNB-DU should provide information of the received preamble, e.g., cell ID, preamble index (e.g., RAPID), SSB/PBCH index, RACH occasion (e.g., RA-RNTI), carrier ID, etc 
For option 2, since the candidate gNB-DU cannot know the UE who sends the preamble, when the TA value is sent to the gNB-CU, the gNB-CU should send such TA value to multiple gNB-DUs, which may be the potential source gNB-DU. Those gNB-DUs can determine whether the TA value is referring to the UE under its cell based on the information related to the received preamble. It will cause unnecessary signaling between gNB-CU and gNB-DUs. Thus, we prefer to option 1. 
Proposal 3-1: RAN3 is kindly asked to agree that the TA value is derived based on the request from the source gNB-DU. 

In order to identify the received preamble, the source gNB-DU should provide information related to the transmitted preamble, e.g., cell ID, preamble index (e.g., RAPID), SSB/PBCH index, RACH occasion (e.g., RA-RNTI), carrier ID, etc. However, whether those information is enough or not needs RAN1/RAN2 evaluation. Thus, an LS to RAN1/RAN2 would be beneficial. 

Proposal 3-2: the source gNB-DU can provide information on the transmitted preamble to the candidate gNB-DU for TA value derivation, e.g., cell ID, preamble index (e.g., RAPID), SSB/PBCH index, RACH occasion (e.g., RA-RNTI), carrier ID. An LS to RAN1/RAN2 can be prepared for the confirmation on those information for TA value derivation. 
· Issue 2: TA validity
According to the above RAN2 agreement, the UE needn’t maintain the TA validity timer and the TA validity is handled by network side. In our understanding, the concept of TA validity is still valid and the derived TA value cannot be always valid at the source gNB-DU. Thus, when the candidate gNB-DU provides the TA value to the source gNB-DU, it has to indicate the remaining validity time of the TA value. 
Proposal 3-3: along with the TA derivation, the candidate gNB-DU should provide the remaining validity time of the TA value to the source gNB-DU. 

2.4. UL grant derivation for configured grant
The following RAN2 agreements are reached in last meeting:
	· 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 


· Issue 1: node determining the UL grant method

To support the first UL data transmission after LTM, both dynamic grant and configured grant are supported. However, the network should determine which way is used for the UE. Two options can be considered:
· Option 1: source gNB-DU determines it. 

· Option 2: candidate gNB-DU determines it
Such UL grant is used when the UE accesses to the target cell. The configured UL grant means that the candidate gNB-DU should reserve the resource for the UE. If the configured grant is reserved for a long time, it is a resource waste for the candidate gNB-DU. Thus, the node with well knowledge on when the UE will access to the target cell should determine whether configured grant can be used. In this sense, the source gNB-DU is the best entity. 
Proposal 4-1: The source gNB-DU should determine whether to use configured grant or not. 

· Issue 2: how to derive the configured grant

The configured grant can be provided to the UE when such UE is going to execute LTM. Thus, when the source gNB-DU predicts that it will send the LTM command to the UE, it can trigger the request procedure to the candidate gNB-DU. In this procedure, the candidate gNB-DU can request both TA value and the configured grant. 
Proposal 4-2: the source gNB-DU can request the configured grant together with TA value from the candidate gNB-DU when it will send the LTM command soon, and the candidate gNB-DU can response the configured grant and TA value, if any. 
2.5. Notification of LTM triggering
In last RAN3 meeting, we have the following WA:

	Notification of LTM triggering to gNB-CUs:

WA: option 1 is adopted with only class 2 procedure. If more information to source DU in response message is needed, we go for option 2.


· Issue 1: content of the LTM CELL CHANGE NOTIFICATION message
After sending the LTM command to the UE, the source gNB-DU can send the notification message to the gNB-DU. It has been agreed that such notification message can include the target cell of LTM. In addition, as agreed in RAN2 for UL grant, the source gNB-DU should inform the candidate gNB-DU the beam information of the UE so that the candidate gNB-DU can use the correct beam to serve the UE. 
Proposal 5-1: in addition to the target cell ID, the LTM cell change notification message can also contain the beam information

· Issue 2: type of LTM cell change notification procedure (class 1 vs. class 2)

In last meeting, there is a debate on the type of LTM cell change notification procedure. The reason for supporting the class 2 procedure is the source gNB-DU needn’t any more information from the gNB-CU. While the proponent for class 1 procedure mentioned that such procedure can be used for candidate cell release. Specifically, if the UE is switched to target cell, some prepared candidate cells may not needed. Thus, the source gNB-DU can use this procedure to cancel some prepared candidate cells. After sending LTM command, the UE has left the source cell. Thus, for inter-DU mobility, the source gNB-DU cannot do anything to the UE. The class 2 procedure is enough. 
Proposal 5-2: the LTM cell change notification procedure is a class 2 procedure. 
3. Conclusion

Based on the above, RAN3 is requested to discuss and agree on the following proposal:

· Candidate cell preparation
Proposal 1-1: gNB-CU can derive the RS configurations of each candidate cell (i.e., SMTC) based on the legacy non-UE associated signaling; 

Proposal 1-2: during the candidate cell preparation procedure, gNB-CU can provide the RS configurations of a list of candidate cells   
Proposal 1-3: the gNB-CU should provide the reference configuration to each candidate gNB-DU serving inter-DU candidate cell(s) when preparing the candidate cell. 
Proposal 1-4: the gNB-CU can use UE context modification procedure to derive the lower layer configuration (e.g., CellGroupConfig) for the reference configuration, and the purpose of reference configuration generation can be explicitly indicated in the request message. 
Proposal 1-5: the gNB-CU should indicate the ID of source gNB-DU where the source cell of the UE is located so that the candidate gNB-DU can assign the shared preamble resource for the UEs under the same source gNB-DU. 

· Source cell reconfiguration
Proposal 2-1: the gNB-CU can use the UE context modification procedure to provide the following information to source gNB-DU for each candidate cell: 1) RS configurations, and 2) early UL synchronization configuration.

Proposal 2-2: before configuring the LTM candidate cell to the UE, the gNB-CU can indicate to the source gNB-DU that the source cell is also a LTM candidate cell so that the source gNB-DU can keep source cell configuration after the UE leaves the source cell. 

Proposal 2-3: the gNB-CU can inform the source gNB-DU the admitted DRBs of each candidate cell 

· Early TA acquisition

Proposal 3-1: RAN3 is kindly asked to agree that the TA value is derived based on the request from the source gNB-DU. 

Proposal 3-2: the source gNB-DU can provide information on the transmitted preamble to the candidate gNB-DU for TA value derivation, e.g., cell ID, preamble index (e.g., RAPID), SSB/PBCH index, RACH occasion (e.g., RA-RNTI), carrier ID. An LS to RAN1/RAN2 can be prepared for the confirmation on those information for TA value derivation. 

Proposal 3-3: along with the TA derivation, the candidate gNB-DU should provide the remaining validity time of the TA value to the source gNB-DU. 

· UL grant derivation for configured grant
Proposal 4-1: The source gNB-DU should determine whether to use configured grant or not. 

Proposal 4-2: the source gNB-DU can request the configured grant together with TA value from the candidate gNB-DU when it will send the LTM command soon, and the candidate gNB-DU can response the configured grant and TA value, if any. 
· Notification of LTM triggering

Proposal 5-1: in addition to the target cell ID, the LTM cell change notification message can also contain the beam information

Proposal 5-2: the LTM cell change notification procedure is a class 2 procedure. 
Appendix: TP to BL CR TS38.401
--------------------------------------------------------- the start of change -----------------------------------------------------
8.2.1.X
Intra-gNB-DU LTM 
This procedure is used for the case when the UE moves within the same gNB-DU during NR operation for LTM. Figure 8.2.1.x-1 shows the intra-gNB-DU LTM procedure for intra-NR.
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Figure 8.2.1.x-1: Intra-gNB-DU LTM

1. The UE sends a MeasurementReport message (L3 measurement result FFS) to the gNB-DU containing  measurements of neighboring cells. The gNB-DU sends an UL RRC MESSAGE TRANSFER message conveying the received MeasurementReport message to the gNB-CU. 

2. The gNB-CU determines to initiate LTM configuration. 

3. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the gNB-DU containing one target candidate cell ID. To generate a separate reference configuration, this message can be also used to derive the reference configuration.
4. If the gNB-DU accepts the request of LTM configuration, it responds to the gNB-CU with a UE CONTEXT MODIFICATION RESPONSE message including the generated lower layer RRC configurations for the accepted target candidate cell. 

5. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the gNB-DU, which includes the generated RRCReconfiguration message with the LTM configuration. Before this step, the gNB-CU may trigger the UE Context Modification procedure to configure the source cell as candidate cell. 

6. The gNB-DU forwards the received RRCReconfiguration message to the UE.

7. The UE responds to the gNB-DU with an RRCReconfigurationComplete message.
8. The gNB-DU forwards the RRCReconfigurationComplete message to the gNB-CU via an UL RRC MESSAGE TRANSFER message. 

9. The UE sends the lower layer measurement result to the gNB-DU. The gNB-DU decides to execute LTM.
10. The gNB-DU sends the LTM command to the UE. 
Editor’s note: The LTM command needs to be updated according to RAN2’s discussion.
11. The gNB-DU sends the LTM CELL CHANGE NOTIFICATION message to the gNB-CU to indicate the initiation of the LTM command to the UE including the target cell ID. 
12. FFS: How the target gNB-DU detects the UE access.

13. The target gNB-DU sends the ACCESS SUCCESS message to the gNB-CU with the target Cell ID.

14.  The gNB-CU may send the UE CONTEXT MODIFICATION message to the gNB-DU to release the resources of prepared cells.

15.  The gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message.

---------------------------------------------------------Next change -------------------------------------------------------------
8.2.1.Y
Inter-gNB-DU LTM
This procedure is used for the case when the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU during NR operation for LTM. Figure 8.2.1.Y-1 shows the inter-gNB-DU LTM procedure for intra-NR.
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Figure 8.2.1.Y-1: inter gNB-DU LTM

1. The UE sends a MeasurementReport message (L3 measurement result FFS) to the source gNB-DU containing  measurements of neighboring cells. The source gNB-DU sends an UL RRC MESSAGE TRANSFER message conveying the received MeasurementReport message to the gNB-CU. 

2. The gNB-CU determines to initiate LTM configuration. 

3. The gNB-CU sends a UE CONTEXT SETUP REQUEST message to the candidate gNB-DU, containing one target candidate cell ID and RS configurations of candidate cells. 

4. If the candidate gNB-DU accepts the request of LTM configuration, it responds to the gNB-CU with a UE CONTEXT SETUP RESPONSE message including the generated lower layer RRC configuration for the accepted target candidate cell.
5. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the source gNB-DU, which includes the generated RRCReconfiguration message with the LTM configuration. Before this step, the UE Context Modification procedure will be triggered to update the configurations of source cell, and the request message may contain the RS configurations and early UL synchronization configurations of each candidate cell. In addition, the gNB-CU may use this procedure to configure the source cell as candidate cell

6. The source gNB-DU forwards the received RRCReconfiguration message to the UE.

7. The UE responds to the source gNB-DU with an RRCReconfigurationComplete message.
8. The source gNB-DU forwards the RRCReconfigurationComplete message to the gNB-CU via an UL RRC MESSAGE TRANSFER message. 

9. The UE sends the lower layer measurement result to the source gNB-DU. 

10. The source gNB-DU decides to execute LTM to a candidate target cell. The source gNB-DU may send the LTM CONFIGURATION REQUEST message to the gNB-CU to request the TA value for early UL synchronization, and optional the configured grant, and the gNB-CU forwards such request message to the candidate gNB-DU. As the response, the candidate gNB-DU sends the LTM CONIFIGURATION RESPONSE message to gNB-CU by including the TA value and optional the configuration for the configured grant, and then gNB-CU forwards such response message to the source gNB-DU. 

11. The source gNB-DU sends LTM command to the UE. 

Editor’s note: The LTM command needs to be updated according to RAN2’s discussion. 

12. The source gNB-DU sends the LTM CELL CHANGE NOTIFICATION message to the gNB-CU to indicate the initiation of the LTM command to the UE including the target cell ID and beam information.
13. FFS:  how the target gNB-DU detects the UE access.

14. The target gNB-DU sends the ACCESS SUCCESS message to the gNB-CU with the target cell ID.
15. The gNB-CU may send the UE CONTEXT RELEASE COMMAND message to the source gNB-DU to release the resources of prepared cells.
16.
The source gNB-DU responds with a UE CONTEXT RELEASE COMPLETE message.
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