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

2 Discussion

- Issue 1: candidate cell preparation
	Next meeting, focus on complexity, singling overhead analysis among option 1 option 2 and option3. 

RAN3 have to make a decision for one solution next meeting.


Three options on the table:

· Option 1: One message
In this option, if different candidate cells have different admission results, the gNB-DU should indicate the admitted DRBs and the corresponding candidate cell(s).  The stage-3 impact can be illustrated as below. 

	UE context modification request message
	UE context modification response message

	IE/Group Name

Presence

Range

<unrelated part is omitted>
LTM Information
LTM Cells to be Added List

0..1

>LTM Cells to be Added Item IEs

1 .. <maxnoofLTMCells>

>>LTM Cell ID

M


	IE/Group Name

Presence

Range

<unrelated part is omitted>
DRB Setup List

0..1

>DRB Setup Item IEs
1 .. <maxnoofDRBs>
>>DRB ID

M

<unrelated part is omitted>
>>Associated LTM cell List
O
<unrelated part is omitted>
DRB Failed to Setup List

0..1

>DRB Failed to Setup Item IEs
1 .. <maxnoofDRBs>
>>DRB ID

M

>>Cause

O

>>Associated LTM list
O
<unrelated part is omitted>
Accepted LTM Cell list
O



· Option 2: multiple messages
In this option, each F1 request message only contain one candidate cell. So, the stage-3 impact is given as 

	UE context modification request message
	UE context modification response message

	IE/Group Name

Presence

Range

<unrelated part is omitted>
LTM Cell ID
O

	No impact in term of LTM candidate cell preparation


· Option 3:  Both options are supported. In case that a list of candidate cells is included, the DU responds to the CU with the accepted candidate cells which have the same admitted result for DRBs.

	UE context modification request message
	UE context modification response message

	IE/Group Name

Presence

Range

<unrelated part is omitted>
LTM Cells to be Added List

0..1

>LTM Cells to be Added Item IEs

1 .. <maxnoofLTMCells>

>>LTM Cell ID

M


	IE/Group Name

Presence

Range

<unrelated part is omitted>
LTM Cells Added List 
0..1

>LTM Cells Added Item IEs
1 .. <maxnoofDRBs>
>>LTM Cell ID

M




Compared to the above three options, Option 1 introduces the largest specification impact. While Option 2 introduces more signaling, although the specification impact is small. Since the debating between option 1 and 2 has been lasted for several meetings, and there is no clear majority. Option 3 can be considered as a compromise. To make progress, we propose to use Option 3 as the solution. 

Proposal 1: For candidate cell preparation, Option 3 is applied, i.e., 

· Option 3:  Both option 1&2 are supported. In case that a list of candidate cells is included, the DU responds to the CU with the accepted candidate cells which have the same admission result for DRBs.
· Issue 2: RACH configuration for early TA acquisition

	· The CU requests the candidate DU to provide RACH resource per candidate cell for TA acquisition in inter-DU case.

	· 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). 


The candidate gNB-DU should provide the RACH configuration for TA acquisition based on the request from the gNB-CU. 

The serving gNB-DU should be informed on the RACH configuration for TA acquisition. On one hand, it can provide the allocated CFRA resource via the PDCCH order. On the other hand, it can coordinate the resource for early TA acquisition and normal data transmission over the serving cell. 
Proposal 2: for inter-DU case, the F1 interface should have the following enhancements to support the RACH configuration for early TA acquisition per LTM candidate cell:

· The candidate gNB-DU provides the RACH configurations (e.g., Preamble index, RACH occasion) for TA acquisition based on the request from gNB-CU

· The gNB-CU provides the RACH configurations for TA acquisition to serving gNB-DU 
· Issue 3: Configuration of RAR reception
	RAN1#112
For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated
RAN1#112bis-e

When reception of RAR is configured, support RAR is received from serving cell at least in intra-DU case. 
When reception of RAR is configured, support RAR is received from serving cell in inter-DU case.
· FFS: RA response window related issues


To support the configurable RAR reception, one issue for RAN3 is on which node determines the configuration of RAR reception. For inter-DU LTM case, the RAR should be sent from candidate gNB-DU to the serving gNB-DU. Thus, the serving gNB-DU should be aware of the configuration of RAR reception since it should determine whether the TA of candidate cell is sent via LTM command or RAR. Three options can be considered:

· Option 1: gNB-CU

· Option 2: candidate gNB-DU 

· Option 3: serving gNB-DU
The configuration of RAR reception is determined by the following aspects: 1) the signal quality of the UE, if the signal is good enough, the UE can stay in serving cell for a relatively long period so that it has enough time to receive RAR, 2) the transferring latency of RAR from candidate gNB-DU to serving gNB-DU, if the latency is large, the UE may not need an independent procedure to receive RAR; instead, the UE can receive it via LTM CMD. From the above two aspects, Option 1 seems to be a better choice. 
Proposal 3: RAN3 is kindly asked to discuss the issue on which node determines the configuration of RAR reception by considering the following three options:

· Option 1: gNB-CU

· Option 2: candidate gNB-DU

· Option 3: serving gNB-DU

·  Issue 4: candidate cell configuration

In current stage 2 procedure, the candidate cell configuration is provided to the UE when gNB-CU determines it. However, in our understanding, when configuring candidate cells, the serving cell may need reconfiguration. Meanwhile, the serving gNB-DU may need derive some configuration information of the candidate cells. 

Serving cell re-configuration before configuring LTM candidate cell(s) to UE 
In both intra-DU LTM and inter-DU LTM, after receiving the configured candidate cells, 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, after deriving the configured candidate cells, the source gNB-DU may need reconfigure the source serving cell (e.g., measurement configuration). Moreover, to support the L1 measurement, the serving gNB-DU should be aware of the RS configurations of each candidate cells, e.g., determine the measurement gap for inter-freq L1 meas.. Thus, it is beneficial to provide RS configuration of candidate cells to serving gNB-DU. 
Observation 1: before configuring the candidate cells, the gNB-CU may need reconfigure the source serving cell (e.g., measurement configuration) to the UE. 

Notification of the configured candidate cells to the gNB-DU

For intra-DU LTM, the source serving gNB-DU will provide the accepted candidate cell to the gNB-CU. However, which candidate cells are configured to the UE is up to gNB-CU implementation based on, e.g., admission result, cell load, measurement result, etc. For inter-DU case, the configured candidate cells can belong to different gNB-DUs. Thus, in both intra-DU and inter-DU LTM, the configured candidate cells may be different from the ones accepted by source serving gNB-DU. Moreover, RAN2 has agreed to support sequential LTM with 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. 
To realize the sequential LTM, the gNB-DU of the source serving cell should have the knowledge of the configured candidate cell(s) so that it can send LTM command to the UE to sequentially trigger the LTM cell switch among multiple cells. 
 SHAPE  \* MERGEFORMAT 



Fig. 1 Sequential LTM
Observation 2: to support sequential LTM without RRCReconfiguration, gNB-CU needs inform the candidate cells to the gNB-DU 
Notification of the candidate cell configuration to the source serving gNB-DU

For inter-DU LTM case, the source serving gNB-DU may need to know the configuration for the candidate cell(s) in target gNB-DU(s). The above discussion on RACH configuration indicates that the serving gNB-DU needs to know the RACH configuration of candidate cells so as to support the early TA. 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 1~3 indicate that before configuring the candidate cells to the UE, gNB-CU can provide some configurations of the final candidate cells to the source gNB-DU. Thus, the procedure can be given as Fig. 2, where steps 5&6 are new steps before configuring LTM candidate cells to the UE. 
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Fig. 2 LTM candidate cell configuration procedure
Proposal 4: Before configuring LTM candidate cells, 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)), provide configured LTM candidate cell(s) and the corresponding configurations (e.g., RACH configuration).
· Issue 5: DL GTP TEIDs per DRB per candidate cell
In RAN3#119, “The gNB-DU assigns the new DL GTP TEIDs per DRB per candidate cell (whether it should be per candidate cell needs to be further discussed)” triggers some discussions. This agreement is related to the single procedure only since the parallel procedure can ensure that DL GTP TEID is per DRB per candidate cell. The intention of “per candidate cell” is to follow the legacy intra-DU mobility design, as shown in TS38.401 below, which aims at using different tunnels to transmit data with different configurations before and after handover. Thus, the new DL GTP-U tunnel is used when PDCP re-establishment or PDCP recovery is performed; similarly, the new UL GTP tunnel is used when RLC is re-established.
	8.2.1.2
Intra-gNB-DU handover
This procedure is used for the case that the UE moves from one cell to another cell within the same gNB-DU or for the case that intra-cell handover is performed during NR operation, and supported by the UE Context Modification (gNB-CU initiated) procedure as specified in TS 38.473 [4]. When the intra-gNB-DU handover is performed (either inter-cell or intra-cell), the gNB-CU provides new UL GTP TEID to the gNB-DU and the gNB-DU provides new DL GTP TEID to the gNB-CU. The gNB-DU shall continue sending UL PDCP PDUs to the gNB-CU using the previous UL GTP TEID until it re-establishes the RLC, and after then start sending using the new UL GTP TEID. The gNB-CU shall continue sending DL PDCP PDUs to the gNB-DU using the previous DL GTP TEID until it performs PDCP re-establishment or PDCP data recovery, and after then start sending using the new DL GTP TEID.


In LTM case, RAN2 reached the following agreements:
	· R2 assumes that at L1L2 cell switch: Whether the UE performs partial or full MAC reset (FFS what partial reset is, e.g. to avoid data loss), re-establish RLC, perform data recovery with PDCP is explicitly controlled by the network. R2 assumes that this can be configured by RRC. FFS if MAC CE indication(s) is/are needed. 

· To determine if to reset L2 or not is based on RRC configuration (e.g. set of cells. FFS if separate for RLC, MAC, PDCP). 


It can be observed that the RLC re-establishment and PDCP recovery are configurable for LTM. Thus, whether the GTP-U tunnel is per candidate cell or not depends on whether RLC re-establishment and PDCP recovery are needed or not, which relies on RAN2 discussion. From RAN3 point of view, two options can be considered to resolve this issue:
· Option 1: per-candidate-cell GTP-U tunnel depends on the configuration of RLC re-establishment and PDCP recovery

This option needs RAN2 progress, e.g., which node determines the configuration of RLC re-establishment and PDCP recovery. 

· Option 2: GTP-U tunnel is configured per candidate cell regardless of RAN2 decision

This option does not rely on RAN2 discussion. Moreover, same to DL, the UL GTP-U tunnel should be per candidate cell as well. In case the RLC re-establishment is needed during LTM, the UL GTP-U tunnel should be different before and after LTM. 

Proposal 5: RAN3 is kindly asked to discuss the GTP-U tunnel per candidate cell in case of single procedure for candidate cell preparation by considering the following two options:
· Option 1: per-candidate-cell GTP-U tunnel depends on the configuration of RLC re-establishment and PDCP recovery

· Option 2: GTP-U tunnel is configured per candidate cell regardless of RAN2 decision

3. Conclusion

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

Proposal 1: For candidate cell preparation, Option 3 is applied, i.e., 

· Option 3:  Both option 1&2 are supported. In case that a list of candidate cells is included, the DU responds to the CU with the accepted candidate cells which have the same admission result for DRBs.

Proposal 2: for inter-DU case, the F1 interface should have the following enhancements to support the RACH configuration for early TA acquisition per LTM candidate cell:

· The candidate gNB-DU provides the RACH configurations (e.g., Preamble index, RACH occasion) for TA acquisition based on the request from gNB-CU

· The gNB-CU provides the RACH configurations for TA acquisition to serving gNB-DU 

Proposal 3: RAN3 is kindly asked to discuss the issue on which node determines the configuration of RAR reception by considering the following three options:

· Option 1: gNB-CU

· Option 2: candidate gNB-DU

· Option 3: serving gNB-DU

Proposal 4: Before configuring LTM candidate cells, 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)), provide configured LTM candidate cell(s) and the corresponding configurations (e.g., RACH configuration).
Proposal 5: RAN3 is kindly asked to discuss the GTP-U tunnel per candidate cell in case of single procedure for candidate cell preparation by considering the following two options:

· Option 1: per-candidate-cell GTP-U tunnel depends on the configuration of RLC re-establishment and PDCP recovery

· Option 2: GTP-U tunnel is configured per candidate cell regardless of RAN2 decision

Appendix: TP to BL CR TS38.401
--------------------------------------------------------- the start of change -----------------------------------------------------
8.2.1.X
Intra-gNB-DU L1/L2 Triggered Mobility 
This procedure is used for the case when the UE moves within the same gNB-DU during NR operation for L1/L2 triggered mobility. Figure 8.2.1.x-1 shows the intra-gNB-DU L1/L2 triggered mobility procedure for intra-NR.
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Figure 8.2.1.x-1: Intra-gNB-DU L1/L2 Triggered 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 triggered mobility configuration. 

3. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the gNB-DU containing the target candidate cell(s).

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(s). 
Note 1: In case of multiple target candidate cells are included in step 3, the UE CONTEXT MODIFICATION RESPONSE message can contain multiple accepted candidate target cells by assuming those cells share the same admission results. 
FFS for Step 3 and Step 4: either a single or multiple UE Context Modification procedure(s) should be used.
5. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the gNB-DU, which includes the generated RRCReconfiguration message with the L1/L2 triggered mobility configuration.  Before that, the gNB-CU and gNB-DU may trigger another UE Context Modification procedure to, e.g., reconfigure the serving cell of the UE, provide LTM candidate cell(s) configured to the UE and the corresponding configurations for each candidate cell (e.g., RACH configuration for early TA acquisition). 

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 L1/L2 inter-cell mobility.
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 signals the gNB-CU about the initiation of the L1/L2 triggered mobility command to the UE including the Target cell ID. 
FFS: introduce new message or reuse legacy message.
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 REQUEST message to the gNB-DU to release the resources of prepared cells.

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

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 triggered mobility configuration. 

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


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(s).
Note 1: In case of multiple target candidate cells are included in step 3, the UE CONTEXT MODIFICATION RESPONSE message can contain multiple accepted candidate target cells by assuming those cells share the same admission results. 
5. 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 triggered mobility configuration. Before that, the gNB-CU and gNB-DU may trigger another UE Context Modification procedure to, e.g., reconfigure the serving cell of the UE, provide LTM candidate cell(s) configured to the UE and the corresponding configurations for each candidate cell (e.g., RACH configuration for early TA acquisition).

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 L1/L2 triggered mobility to a candidate target cell.

FFS: Notifying the LTM triggering decision to the other nodes as well.
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 signals the gNB-CU about the initiation of the L1/L2 triggered mobility command to the UE including the Target cell ID.
FFS: introduce new message or reuse legacy message.
13. FFS:  how the target gNB-DU detects the UE access and whether there is an F1 impact.

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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