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1 Introduction
In last RAN3 meeting, the following agreements were achieved: 

	CU suggest the candidate cell(s) to DU, “gNB-DU can suggest candidate cells after the gNB-CU initiates the L1/L2 inter-cell mobility configuration” is with low priority.

CU can update the suggested candidate cells.

For intra-DU case, the gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message.

For inter-DU case, the target gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message.

RAN3 works on the same signaling procedure for both initial cell switch and subsequent cell switch for intra-DU L1/L2 handover.

During execution phase, it is up to the gNB-DU implementation when will the gNB-DU signal to the CU. This does not mean that the gNB-DU is “allowed” to signal to the gNB-CU before LTM command is sent to the UE.


 However, several issues for the baseline procedure of LTM are still not decided yet. In this contribution, we will share our view on the baseline proccedure of LTM.  

2 Discussion

- Issue 1: candidate cell preparation

In last meeting, the debate between parallel procedure and single procedure remains. The camp for parallel procedure argued that the admission result of each candidate cell may be different, while the camp for single procedure believed that this can save the signaling overhead and speed up fast LTM. In practice, difference cells have different load situation so that it is impractical to assume all candidate cells have the same admission results. Moreover, the parallel procedure does not introduce additional specification impact. Thus, we think the parallel procedure can be considered as the baseline. 

In order to further reduce the preparation latency, the single procedure can be regarded as the optimization. Specifically, the gNB-CU can include multiple candidate cells in the UE CONTEXT MODIFICATION/SETUP REQUEST message. In return, the gNB-DU can indicate the accepted candidate cell(s) by providing the single set of admission results, i.e., all accepted candidate cell(s) in the UE CONTEXT MODIFICATION/SETUP RESPONSE message share the same admission result(s); in other words, the candidate cell(s) not in the response message are rejected by gNB-DU due to that such shared admission result(s) is not applicable. Furthermore, the gNB-DU can indicate the appropriate cause for the rejected candidate cell(s), e.g., the resource limitation for the admission results in the response message. 

Proposal 1: for the candidate cell preparation, RAN3 is kindly asked to take the parallel procedure as the baseline. The single procedure can be carried out given that the response message provides the accepted candidate cell(s) sharing the same admission results. 

- Issue 2: serving cell re-configuration before configuring LTM candidate cell(s) to UE 
In last meeting, RAN3 agreed baseline procedures for both intra-gNB-DU LTM and inter-gNB-DU LTM. Specifically, after receiving the accepted candidate cell(s) from gNB-DU, the gNB-CU will directly configure the LTM candidate cell(s) to the UE. However, in practice, the set of candidate cells configured to the UE may be different from the ones prepared by one gNB-DU. For example, for inter-gNB-DU case, the configured candidate cells may belong to different gNB-DUs rather than the one serving the source cell of the UE. For intra-gNB-DU case, although the gNB-DU serving the source cell of the UE know the exact set of accepted candidate cells by itself, it does not mean the gNB-CU will select the same set. The reason is that final candidate cell selection is purely gNB-CU implementation issue (e.g., the gNB-CU may select 5 candidate cells to configure the UE even though it derives 10 accepted candidate cells from the gNB-DU(s)).

Observation 1: the gNB-CU may configure the set of LTM candidate cells different from that of the accepted LTM candidate cells provided by the gNB-DU(s).

Depending on the LTM candidate cell(s), the UE should perform the L1 measurement towards those cells. However, different set of LTM candidate cell(s) may have different measurement configurations, including measure gap configuration. In this sense, before configuring the candidate cell(s) to the UE, the gNB-CU should indicate the final candidate cell(s) to the gNB-DU serving the source cell so that the latter one can generate appropriate measurement configurations (e.g., gap configuration). 

Observation 2: the gNB-DU serving the source cell should know the configured candidate cells to generate appropriate measurement configurations (e.g., gap configuration).

In last RAN2 meeting, an LS (R3-230012) is sent to RAN3 with the following content:

	RAN2 assumes that LTM (intra DU and inter DU) is network-controlled mobility where the control is from the source, i.e., measurements (L1 measurements) are configured in the UE from the source Cell, and the decision to switch cell is by the source cell, and enhancements considered for LTM before cell switch, e.g. pre-synchronization, TA handling, target beam management (to the extent it is supported) may be made by the source cell. RAN2 understands that this may require cooperation among source DU, CU, target DU, and/or OAM. RAN2 don’t see any blocking issue to share information between DUs but the support of this is in RAN3 domain. RAN2 see no necessity for a direct inter-DU-interface to support this.


The highlighted part indicate that the coordination between source gNB-DU and target gNB-DU may be required to support LTM. According to ongoing RAN1/RAN2 discussion, one example is the PDCCH ordered RACH for TA acquisition, as agreed in last RAN1 meeting (RAN1#111). Specifically, the UE can derive the TA value of the candidate cell before the cell switch, which is triggered by the PDCCH order from the source cell. To achieve this, the gNB-DU of source cell (called source gNB-DU) should be aware of the RACH configuration at the candidate cell of another gNB-DU. The intention is to help the source gNB-DU to generate content of PDCCH order triggering TA acquisition for the candidate cell in case of inter-gNB-DU LTM. Moreover, such RACH configuration awareness can facilitate the source cell resource allocation so that the source cell will not schedule the UE when sending the preamble to the candidate cell. 

Observation 3: the gNB-DU should know the RACH configuration of candidate cell in candidate gNB-DU in order to perform the PDCCH ordered TA acquisition before cell switch. 

The above observations indicate that it is beneficial to provide some configurations of the final candidate cells to the source gNB-DU before configuring the UE. This can be achieved by triggering an additional UE context modification procedure before configuring the UE so that the source cell can be reconfigured based on the configured candidate cells. 

Proposal 2: before configuring the LTM candidate cells to UE, the gNB-CU can trigger an additional UE context modification procedure to, e.g., reconfigure the serving cell of the UE (e.g., update measurement configurations based on the configured candidate cell(s)), and provide the configurations of candidate cells in another gNB-DU. 
Based on this proposal, the updated baseline procedure is given in the Appendix. 

- Issue 3: Sequential LTM without RRC reconfiguration

RAN2 has agreed to support the sequential LTM, which results in the following two cases, as shown in Fig. 1:
· Case 1-- intra-DU sequential LTM: the gNB-DU can sequentially send LTM command to trigger the cell switch among different cells belonging to the same gNB-DU.
· Case 2 -- inter-DU sequential LTM: the gNB-DU1 can sequentially send LTM command to trigger the cell switch among different cells, even the target cell belongs to the gNB-DU different from the source cell. 
 SHAPE  \* MERGEFORMAT 



Fig. 1 Sequential LTM
To realize the sequential LTM, the gNB-DU of the source serving cell should have the knowledge of the configured candidate cell(s). In LTM preparation procedures, the gNB-CU may contact with different gNB-DUs to derive the potential candidate cells belonging to each gNB-DU. After that, the gNB-CU will select the suitable candidate cell(s) based on, e.g., admission result of each candidate cell. Thus, the gNB-CU has the full knowledge of configured candidate cell(s) at the UE side. However, each gNB-DU may not know the candidate cells configured to the UE. The reason is that gNB-CU may not configure all accepted candidate cell of a gNB-DU to the UE, and the gNB-CU may contact with multiple gNB-DU to configure the candidate cell. In this sense, the sequential LTM may not be feasible due to the unknown of configured candidate cell list.  To resolve this issue, it is better to let gNB-CU inform the configured candidate cell list to gNB-DU. 

Proposal 3: RAN3 is kindly asked to discuss the enhancement on notifying gNB-DU of the configured candidate cell list to support the sequential LTM without RRCReconfiguration.  

- Issue 4: early DL F1-U data transmission towards target gNB-DU
In legacy intra-CU inter-DU mobility procedure, the gNB-CU can send the UP data after receiving the DDDS from the target gNB-DU (which is triggered after the successful RACH procedure of the UE), as shown in the following figure. 
[image: image2.png]6. RRCReconfiguration

2. UL RRC MESSAGE TRANSFER

| 5. UE CONTEXT MODIFICATION REQUEST

(MeasurementReport) gl
| 22, UE CONTEXT MODIFICATION REQUEST
2b. UE CONTEXT MODIFICATION RESPONSE N

3. UE CONTEXT SETUP REQUEST
o> UE CONTEXT SETUP RE
4. UE CONTEXT SETUP BESPONSE

(RRCReconfuration)

Downlink Data Delvery Stat

7. UE CONTEXT MODIFICATION RESPONSE

9. RRCReconfigurationComy)

Downlink user data

| 1. UE CONTEXT RELEASE COMMAND

Downlink Data Delwery Statt
[ ——=»

Downlink User Data

(RRCReconfigurationComplgte)

——— =

12. UE CONTEXT RELEASI

COMPLETE





For LTM, RAN3 already agreed that after the succeseful access, the target gNB-DU will send the ACCESS SUCCESS message to the gNB-CU, and then the gNB-CU can forward the data to the target gNB-DU. Following this procedure, the data transmission towards UE may be delayed since the data transmission from gNB-CU to target gNB-DU is started only after the success access towards the LTM target cell. As LTM aims at reducing the interruption during the handover procedure, it is beneficial to have some discussions for the data delivery from the gNB-CU to target gNB-DU. To prepare the data early at the target gNB-DU, the early data transmission can be considered, which may contain the following options:

( Option 1: the early data transmission from gNB-CU to target gNB-DU is triggered by the source gNB-DU

In this option, the source gNB-DU can indicate the potential candidate cells for the cell switch. Then, the gNB-CU can start the data transmission from the gNB-CU to target gNB-DU before performing cell switch at the UE side. 

( Option 2: the early data forwarding from source gNB-DU and target gNB-DU directly

In this option, the source gNB-DU can forward the packet not delivered to the UE directly to the target gNB-DU based on its own determination. 

Proposal 4: RAN3 is kindly asked to discuss whether and how to support the early DL F1-U data transmission towards target gNB-DU.
3. Conclusion

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

Proposal 1: for the candidate cell preparation, RAN3 is kindly asked to take the parallel procedure as the baseline. The single procedure can be carried out given that the response message provides the accepted candidate cell(s) sharing the same admission results. 

Proposal 2: before configuring the LTM candidate cells to UE, the gNB-CU can trigger an additional UE context modification procedure to, e.g., reconfigure the serving cell of the UE (e.g., update measurement configurations based on the configured candidate cell(s)), and provide the configurations of candidate cells in another gNB-DU.
Proposal 3: RAN3 is kindly asked to discuss the enhancement on notifying gNB-DU of the configured candidate cell list to support the sequential LTM without RRCReconfiguration. 
Proposal 4: RAN3 is kindly asked to discuss whether and how to support the early DL F1-U data transmission towards target gNB-DU. 
Appendix
--------------------------------------------------------- the start of change -------------------------------------------------------------
8.2.1.X
Intra-gNB-DU L1/L2 based inter-cell Mobility 
This procedure is used for the case when the UE moves within the same gNB-DU during NR operation for L1/L2 based inter-cell mobility. Figure 8.2.1.x-y shows the intra-gNB-DU L1/L2 based inter-cell mobility procedure for intra-NR.
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Figure 8.2.1.x-1: Intra-gNB-DU L1/L2 based inter-cell Mobility

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 L1/L2 inter-cell mobility configuration. 

3. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the gNB-DU containing a target candidate cell.  
4. If the request for configuring L1/L2 inter-cell mobility is accepted, the gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message including the generated lower layer RRC configurations of the accepted target candidate cell.
Note: in UE CONTEXT MODIFICATION REQUEST message, a list of candidate cell(s) may be included to prepare multiple candidate cells. The accepted candidate cells in UE CONTEXT MODIFICATION RESPONSE message should share the same admission results.
5. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message by including the final candidate cell(s) to be configured to the UE and the configurations of each candidate cell.
6. The gNB-DU sends a UE CONTEXT MODIFICATION RESPONSE message by including the lower layer configuration of the source cell.  
7. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the gNB-DU, which includes a generated RRCReconfiguration message with the L1/L2 inter-cell mobility configuration, which may contain a configuration per target candidate (e.g. including the lower layer RRC configurations of the candidate cells for L1/L2 inter-cell mobility. Details are FFS). 

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

9. The UE responds to the gNB-DU with an RRCReconfigurationComplete message.
10. The gNB-DU forwards the RRCReconfigurationComplete message to the gNB-CU via an UL RRC MESSAGE TRANSFER message. 
11. The UE sends the L1 measurement result to the gNB-DU. The gNB-DU decides to execute L1/L2 inter-cell mobility.
12. The gNB-DU sends the L1/L2 inter-cell mobility command to the UE.

13. FFS: How the gNB-DU detects the UE access to the target cell is up to RAN2.

14. The gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message. Th target cell ID is included.

15. The gNB-CU may send the UE Context Modification message to the gNB-DU to release the resources of prepared cells in case of not supporting sequential LTM for the corresponding cell(s).

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

---------------------------------------------------------Next change -------------------------------------------------------------

8.2.1.Y
Inter-gNB-DU L1/L2 Triggered Mobility 
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 L1/L2 Triggered Mobility. Figure 8.2.1.Y-1 shows the inter-gNB-DU L1/L2 Triggered Mobility procedure for intra-NR.
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Figure 8.2.1.Y-1: inter gNB-DU L1/L2 Triggered Mobility

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 L1/L2 inter-cell mobility configuration. 

3. The gNB-CU sends a UE CONTEXT SETUP REQUEST message to the candidate gNB-DU, containing a target candidate cell. 


4. If the candidate gNB-DU decides to accept 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.
Note: in UE CONTEXT SETUP REQUEST message, a list of candidate cell(s) may be included to prepare multiple candidate cells. The accepted candidate cells in UE CONTEXT SETUP RESPONSE message should share the same admission results.

5. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message by including the final candidate cell(s) to be configured to the UE and the configurations of each candidate cell.
6. The gNB-DU sends a UE CONTEXT MODIFICATION RESPONSE message by including the lower layer configuration of the source cell.  
7. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the source gNB-DU, which includes the generated RRCReconfiguration message with the L1/L2 inter-cell mobility configuration.

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

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

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

12. The source gNB-DU decides to execute L1/L2 triggered mobility to a candidate target cell.

FFS: Notifying the LTM cell switch decision to the other nodes as well.
13. The source gNB-DU sends L1/L2 Triggered Mobility Cell Switch command to the UE. 

Editor’s note: the order of step 10 and 11 is not defined. The cell switch command message needs to be updated according to RAN2’s discussion.
FFS:  how the target gNB-DU detects the UE access and whether there is an F1 impact.

FFS: For inter-DU L1/L2 Triggered Mobility, whether and how to release the source cell/prepared cells’ resources in the source gNB-DU is FFS.
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m--u:1. L3 Measurement Control and Reports [br];


u--u:2. L1/L2 Inter-cell Mobility Configuration Decision [bs];
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m--d:11.FFS: How the gNB-DU detects the UE access to the target cell 
     is up to RAN2[ac];
d->u:12. Access Success 
     (Target cell ID)[ac];

u->d:13.FFS: UE Context Modification Request
     (Prepared cells to be released)[ac, line.type =dashed];

d->u:14.FFS: UE Context Modification Response[ac, line.type =dashed];



m<<>>d[color=green]: User Data [au];
join d<<>>u[color=green]: User Data [au];
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ue<<>>sd [color=green]:  User Data [au];
join sd<<>>cu[color=green]: User Data [au];

ue--cu:1. L3 Measurement Control and Reports [br];

cu--cu:2. L1/L2 Triggered Mobility Configuration Decision [bs];

cu->td:3. UE CONTEXT SETUP REQUEST
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ue--cu:FFS: how the gNB/gNB-DU detects the UE access and the F1 impact [ac];

ue--cu:FFS: release the source cell/prepared cellsâ�� resources in the gNB-DU[ac];
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join td<<>>cu[color=green]: User Data [au];
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