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1	Introduction
In the previous meeting the issue of L1/L2 triggered mobility was discussed and some agreements were made. In this contribution we will further discuss the main components of the L1/L2 triggered mobility and put forward our proposals.
[bookmark: _Ref178064866]2	Discussion
In the previous meeting the following agreements were captured:
The CU requests the candidate DU to provide RACH resource per candidate cell for TA acquisition in inter-DU case.
No need to include the RACH resource for TA acquisition alignment in the reply LS.
For intra-DU LTM, the gNB-DU sends a DDDS frame about unsuccessfully transmitted downlink data to the gNB-CU after LTM cell switch if RLC reestablishment is configured. 
For inter-DU LTM, the DDDS should be sent from source gNB-DU to CU-UP when the LTM cell switch command is sent. Then the CU-UP can start forwarding the unsuccessfully transmitted data to target gNB-DU.
The gNB-CU may modify or release L1/2 Triggered Mobility (LTM) candidate cells in the gNB-DU.
The (candidate) gNB-DU may cancel already configured L1/2 Triggered Mobility (LTM) candidate cells and notify to the CU.
The gNB-CU may use the UE Context Modification procedure to modify or release the prepared resources of candidate cells in the (candidate) gNB-DU and use the UE Context Release procedure to release the UE context in the (candidate) gNB-DU.
For intra-CU-UP case, propose to turn the following WF to an agreement:
In case of CP UP separation, once CUCP receives LTM cell switch signling from (source)DU , CU CP initiates E1 bearer context modification to the CU UP including DL tunnel ID per DRB for target cell, for data transmission.
For inter-CU-UP LTM, once the CU-CP receives LTM cell switch signaling from (source) DU, the CU-CP initiates E1 bearer context modification to the target CU UP including DL tunnel ID per DRB for target cell for data transmission.
For inter-CU-UP LTM, the CU-CP initiates E1 bearer context modification to the source CU-UP for retrieving the latest PDCP status at the source CU-UP and exchanging the data forwarding information to target CU-UP.
In case of gNB-CU-UP change, the gNB-CU triggers the source gNB-CU-UP to start data forwarding after receiving LTM cells switch signalling from DU.
For inter-CU-UP LTM, Path switch procedure is performed towards the core network after detecting the UE has accessed to the target cell.
For intra-DU LTM, DDDS from gNB-DU to CU-UP is not needed for those DRBs for which RLC is not re-established.

For intra-CU inter-DU LTM, target gNB-DU sends initial DDDS using the new UL TEID to CU-UP after target gNB-DU detects the UE access (following legacy). 
The (candidate) gNB-DU may use the UE Context Modification Required message to release the candidate cells, and the gNB-CU shall not reject.
The (candidate) gNB-DU may use the UE Context Modification Required procedure to request to cancel the prepared resources of a subset of candidate cells in it and use the UE Context Release Request procedure to request to release all candidate cells in it.
In the following we will look into the open points, analyse them and provide our views and proposals.

2.1	Execution of L1/L2 triggered mobility serving cell change

In the previous meetings the issue of the execution of LTM serving cell change was discussed repeatedly and it has been recognized that two different approaches have come up as the main alternatives for the inter-DU case.
In approach 1 – where LTM triggering takes place without target candidate DU involvement, the serving gNB-DU decides triggering the execution, transmits the lower layer signal to the UE and only thereafter informs candidate/target gNB-DU (the terms candidate and target will be used interchangeably in the two approaches), via the gNB-CU, of the serving cell change. 
In approach 2 – where LTM triggering takes place with target candidate DU involvement, the serving gNB-DU first requests the candidate/target gNB-DU, via the gNB-CU, that a L1/L2 triggered mobility serving cell change is required, and the candidate/target gNB-DU makes a decision about target cell/beam including the TCI state and/or SSB index. Only thereafter the serving gNB-DU creates and transmits the lower layer signal to the UE.
Essentially by looking at the two different approaches, we see that the main difference lies in which order the serving DU transmits the LTM cell switch command to the UE and informs the target DU via the CU about the execution.
In the following we will study the two approaches in more detail. Some agreements by RAN1 might be helpful in our investigation.
So in RAN1#112bis, it was agreed [3]:
	Agreement
From RAN1 point of view, at least the following information can be included in the cell switch command, which is conveyed by MAC CE
· Information to identify the target cell(s)
· The details including bit number are designed by RAN2
· TA related information (details up to the discussion in A.I. 9.10.2)
· 1 joint or 1 pair of UL and DL unified TCI State index for the target Cell
· Note: discussion on target SpCell is not precluded
· Active DL and UL BWPs for the target cell
· FFS: Triggering of aperiodic TRS transmitted from the target cell
· FFS: Triggering the CSI acquisition of the target cell and reporting to the target cell
· FFS: Triggering of aperiodic SRS transmission to the target cell
· FFS: C-RNTI
· FFS: the presence of each field (i.e. always present or configurable)



The above RAN1 agreement indicates that some information about the target cell needs to be included in the LTM cell switch command:
· TA-related information 
· TCI state index(es) for target cell
· Active BWP for target cell
We observe:
Observation 1 [bookmark: _Toc134766906][bookmark: _Toc131756983]Based on RAN1 agreements, there is a need to include at least the following information about the target cell in the LTM cell switch command: TA-related information, TCI state index(es) for target cell and active BWP for target cell.
As it is the serving DU, which transmits the LTM cell switch command, it needs to determine the content of this MAC CE. For the above information, the values need to be determined by the candidate DU,
· TA-related information: this is determined by the candidate DU during TA acquisition and should be transmitted to the UE in the source cell, either separately (as “RAR” from source), or in the LTM cell switch command. 
· TCI state index(es) for target cell: RAN1 writes in their LS “the source cell must be provided with information so that the source cell can send a Rel-17 TCI state index of the target/candidate cell(s) to the UE even when source cell and target/candidate cell(s) belong to different DUs.” The TCI state index(es) may be selected based on information from by the candidate DU.
· Active BWP for target cell: This should be set by the candidate DU and the serving DU does not have mandate to set it.
Observation 2 [bookmark: _Toc134766907]Based on RAN1 agreements, there is a need for the serving DU to obtain, in advance, from the candidate DU, information about the target cell to be included in the LTM cell switch command.
In the following the two approaches are presented in detail in light also of the above observations.
We begin with Approach 1.

[image: ]
Figure 1. Approach 1 for LTM cell switch procedure (triggering without target candidate DU involvement)

As we can see in the Figure 1, the procedure on high level comprises the following steps:
Step1 	The UE sends lower layer measurement reports about LTM candidate target cells to the serving gNB-DU.
Step2		The serving gNB-DU makes a decision about LTM serving cell change
Step3		The serving gNB-DU transmits a lower layer signal to the UE to trigger the L1/L2 triggered mobility serving cell change. The signal indicates a target cell for L1/L2 triggered mobility.
Step4 	The serving gNB-DU sends a UE Context Modification Required message to the gNB-CU, indicating execution of L1/L2 triggered mobility to the target cell. 
Step5 	The gNB-CU sends a UE Context Modification Request message to the candidate gNB-DU, indicating execution of L1/L2 triggered mobility to the target cell.
Step6 	Upon reception of the UE Context Modification Request the candidate gNB-DU sends a UE Context Modification Response message to the gNB-CU. 
Step7 	The gNB-CU sends a UE Context Modification Confirm message to the serving gNB-DU 
Step8		After that the UE stops transmitting uplink packets, changes to the target cell and starts to monitor beams in the target cell. The UE also applies/switches to the corresponding L1/L2 triggered mobility candidate target cell configuration used to operate with the target cell.
Step9 	The UE transmits an uplink signal to the target gNB-DU indicating its C-RNTI for target cell. The gNB-DU is now able to schedule the UE in the target cell and the UE starts to transmit uplink packets. 
Looking next into Approach 2 we can depict it as follows.
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Figure 2. Approach 2 for LTM cell switch procedure (triggering with target candidate DU involvement)

As we can see in the Figure 2, the procedure on high level comprises the following steps:

Step1 	The UE sends lower layer measurement reports about LTM candidate target cells to the serving gNB-DU.
Step2		The serving gNB-DU makes a decision about LTM serving cell change
Step3 	The serving gNB-DU sends a UE Context Modification Required message to the gNB-CU, indicating execution of L1/L2 triggered mobility to the target cell. 
Step4		The gNB-CU becomes aware of the LTM execution
Step5 	The gNB-CU sends a UE Context Modification Request message to the candidate gNB-DU, indicating execution of L1/L2 triggered mobility to the target cell. 
Step6-7 	Upon reception of the UE Context Modification Request the candidate gNB-DU prepares information about the candidate cell and sends a UE Context Modification Response message to the gNB-CU including information about the candidate cell.
Step8 	The gNB-CU sends a UE Context Modification Confirm message to the serving gNB-DU including information about the candidate cell.
Step9-10 	The serving gNB-DU prepares lower layer signal based on information from candidate gNB-DU and then the serving gNB-DU transmits a lower layer signal to the UE to trigger the L1/L2 triggered mobility serving cell change. The signal indicates a target cell for L1/L2 triggered mobility. 
Step11	After that the UE stops transmitting uplink packets, changes to the target cell and starts to monitor beams in the target cell. The UE also applies/switches to the corresponding L1/L2 triggered mobility candidate target cell configuration used to operate with the target cell.
Step12 	The UE transmits an uplink signal to the target gNB-DU indicating its C-RNTI for target cell. The gNB-DU is now able to schedule the UE in the target cell and the UE starts to transmit uplink packets. 

Based on Observation 2 we can make the following observation:
Observation 3 [bookmark: _Toc134702579][bookmark: _Toc134766908]In approach 1, there is a need for inter-node message exchange before LTM cell switch execution to obtain information from the candidate DU to be included in the LTM cell switch command, such as TA, TCI states and active BWP. 
We note that in approach 1, there could be a race condition for when the candidate DU becomes aware of the execution dependent on UE vs network delays:
· When the UE delay is shorter than the network delay: candidate DU becomes aware of execution by the UE arriving in target cell.
· When the network delay is shorter than the UE delay: candidate DU becomes aware of execution by reception of an F1AP message from the CU.
As we should aim for the fastest possible LTM execution in the UE, we think that even if there are likely cases when the candidate DU is informed about the LTM execution by the CU before the UE arrives, in approach 1 the candidate DU needs to be prepared for and listen for the UE in the target cell already after the LTM candidate cell configuration was performed.
Observation 4 [bookmark: _Toc134702580][bookmark: _Toc134766909]Also in approach 1, due to race conditions in this approach, the candidate DU typically need to be prepared for the UE arriving in target cell before the serving DU transmits the LTM cell switch command.
So now let us discuss approach 2. 
In approach 2 (Figure 2), the serving DU in step 5 indicates execution of LTM cell switch to a candidate cell and may use the same procedure to obtain information (e.g. TA, TCI states and active BWP), from the candidate DU, about the target cell to be included in the LTM cell switch command. After step 6, the candidate DU is prepared for the UE arrival and starts listening. Then the serving DU transmits the LTM cell switch command to the UE.

If we compare the inter-node signalling for approach 1 and 2, they look almost identical. This is because the candidate DU needs to be involved before the transmission of the LTM cell switch command in order to:
1. Obtain information to be included in the LTM cell switch command (e.g. TA, TCI states and active BWP).
2. Prepare the candidate DU for the upcoming LTM cell switch to start listening for the UE
The differences between these approaches are:
· At which point the serving DU makes the “decision” to execute the cell switch. However, it is always up to network implementation when network “decides”. In that respect there is no externally observable difference between the approaches. What matters is that when the network transmits the LTM cell switch command, the decision has been made. 
· When the candidate DU gets informed about the execution. In approach 1, the candidate DU gets informed about the execution only after the LTM cell switch command has been sent, but in approach 2 it gets the information before. But, also in approach 1, the candidate DU may already be listening for the UE arrival in the UL based on the TCI state it has allocated and selected, which needs to be provided as it can be included in the LTM cell switch command (if not already before, as part of the early TCI state activation for early DL sync). 
Note that when approach 1 is used and the candidate DU only starts to listen when getting notified after the LTM cell switch command has been sent, there will be a race condition, dependent on UE vs network delays:
· When the UE delay is shorter than the network delay: candidate DU becomes aware of execution by the UE arriving in target cell.
· When the network delay is shorter than the UE delay: candidate DU becomes aware of execution by reception of an F1AP message from the CU
It is always up to the network implementation when to trigger procedures and this is not an exception. The important is that we shall provide the tools in the standard that enables foreseen network implementations and desired characteristics (e.g. high robustness, short mobility interruption time vs high resource utilization). 
Based on the discussion above, in all the approaches, the following “inter-node information elements” (e.g. F1AP IEs or similar) needs to be transferred to support LTM cell switch execution:
· Inter-node information element 1: Direction Serving DU -> CU -> Candidate DU. “Request for LTM execution information for a candidate cell”
· Inter-node information element 2: Direction DU -> CU -> Serving DU. “Response with for LTM execution information for a candidate cell” (including e.g. TA, TCI states and/or active BWP)
· Inter-node information element 3: Direction Serving DU -> CU -> Candidate DU. “Indication of LTM execution to a target cell”
What differs in the approaches are when these inter-node information elements are transferred and in which degree they are sent together. For example, the inter-node information elements 1 and 3 may be sent either together or in separate messages (in any order). In some cases, these items are sent multiple times for the same candidate cell, depending on how early before execution the information is needed and as well, the serving DU may even request the information from multiple candidate DUs in parallel.

Observation 5 [bookmark: _Toc134702581][bookmark: _Toc134766910]In both identified execution approaches the same type of inter-node information needs to be transferred. What sometimes differs is when, e.g. in relation to the LTM cell switch command is transmitted, these are transferred and how they are combined with each other. 
We observe:
Observation 6 [bookmark: _Toc134766911]In approach 1 there is a need for F1AP message exchange before LTM cell switch execution.

To summarize, it is evident that Approach 1 is faster, but on the other hand Approach 2 provides more coordination among gNB-DUs and gNB-CU before triggering the L1/L2 triggered mobility. Also, in Approach 1 the resources should be reserved early in the candidate/target gNB-DU since the lower layer signal to the UE is sent early.
Observation 7 [bookmark: _Toc127463507][bookmark: _Toc127463508][bookmark: _Toc127463509][bookmark: _Toc127463510][bookmark: _Toc127476828][bookmark: _Toc134766912]For execution of LTM, two approaches are feasible:
a) [bookmark: _Toc127278302][bookmark: _Toc127476829][bookmark: _Toc134766913]Approach 1 - LTM triggering without target candidate DU involvement: Serving DU decides execution of LTM and send the LTM cell switch MAC CE to the UE.
b) [bookmark: _Toc127278303][bookmark: _Toc127476830][bookmark: _Toc134766914]Approach 2 - LTM triggering with target candidate DU involvement: Serving DU decides triggering execution of LTMneeds to contact first the target candidate DU (via the CU) before sending the LTM cell switch MAC CE to the UE.

As an LS is sent to RAN2 regarding which solution should be chosen, we want to highlight that as we explained above both approaches are feasible and we propose that RAN3 remains open to both approaches until more feedback is received from RAN2.
Proposal 1 [bookmark: _Toc110934303][bookmark: _Toc115203671][bookmark: _Toc126871821][bookmark: _Toc127476833][bookmark: _Toc134766917]Since both approaches are feasible, RAN3 remains open to both approaches until feedback is received from RAN2.

2.2	DDDS

DDDS was discussed extensively in the previous meeting and several agreements were made while some FFS were also identified as we see below.
For intra-DU LTM, the gNB-DU sends a DDDS frame about unsuccessfully transmitted downlink data to the gNB-CU after LTM cell switch if RLC reestablishment is configured. 
For inter-DU LTM, the DDDS should be sent from source gNB-DU to CU-UP when the LTM cell switch command is sent. Then the CU-UP can start forwarding the unsuccessfully transmitted data to target gNB-DU.
[bookmark: _Hlk134429009]For intra-DU LTM, DDDS from gNB-DU to CU-UP is not needed for those DRBs for which RLC is not re-established.
FFS on whether or how to capture it in spec.
For intra-CU inter-DU LTM, target gNB-DU sends initial DDDS using the new UL TEID to CU-UP after target gNB-DU detects the UE access (following legacy). FFS on how to capture in spec. 
FFS: For intra-DU LTM, the gNB-DU sends initial DDDS using the new UL TEID if assigned by the CU to CU-UP after target gNB-DU detects the UE access.
Regarding the case of intra-CU inter-DU LTM, this agreement which resembles the legacy behaviour, can be described in TS 38.401. This would be in line with how analogous descriptions are currently cited in the specification.
Regarding the FFS on whether to capture in the spec that for intra-DU LTM, DDDS from gNB-DU to CU-UP is not needed for those DRBs for which RLC is not re-established, we believe there is no reason to add this statement as this is an obvious conclusion based on the definition of DDDS.
Finally regarding the FFS on whether for intra-DU LTM, the gNB-DU sends initial DDDS using the new UL TEID if assigned by the CU to CU-UP after target gNB-DU detects the UE access, we first note that the target gNB-DU is the same as source gNB-DU as it is intra-DU. We think that we can follow legacy and so agree with the FFS.

2.3	Candidate cells configuration in one message or multiple messages
The issue of signalling the candidate cell configuration in one message or in multiple messages has been discussed repeatedly in the previous meetings. A third option was also proposed in the previous meeting so now the alternatives are the following:
· Option 1: One message
· Option 2: multiple messages
· 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.

We also read in the Chair notes:
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.
Using one message to signal the candidate target cells would avoid the excessive signalling and resulting waste of resources. On the other hand we understand the issue of cell specific IEs in the UE Context Setup or the UE Context Modification messages and how this could become complicated. So although one message is vastly more efficient than sending multiple messages we are acknowledging the complications of presenting cell specific IEs in the case of one message. Regarding the third option we think that allowing both options alternatives is not a good solution, it basically does not solve the issue. Instead Option 3 would introduce complexity to the network implementation, for example, the candidate DU has to ensure sending the cells list with corresponding the same set of admitted DRBs. There needs to be a defined basic way on how to configure the candidate cells.
Based on the above we propose to move forward, i.e., the gNB-CU signals the suggested candidate cell(s) to the gNB-DU in multiple UE Context Modification Request messages.
Proposal 2 [bookmark: _Toc134766918]The gNB-CU signals the suggested candidate cell(s) to the gNB-DU in multiple UE Context Modification Request messages during configuration for LTM.

2.4	Data transmission
Another issue that was discussed in the previous meeting had to do with data transmission and is related to the following agreement.
Intra-CU UP case: CU will start data transmission after LTM cells switch signaling from DU including target cell ID. 
Two options are discussed:
· Option 1: New F1 message, class c1 or class 2, like “LTM CELL CHANGE NOTIFICATION”.
· Option 2: Legacy message, i.e., “UE Context Modification Required message”

By examining the two approaches for execution of LTM cell switch that are described above, we can see that legacy messages are used for that purpose. In particular, the UE Context Modification Required message can be used to notify the CU about the initiation of the LTM cell switch. Specifically in Approach 1 this is done in step 4, while in Approach 2 a new UE Context Modification Required message should be invoked after step 10.
Observation 8 [bookmark: _Toc134766915]The UE Context Modification Required message can be used to notify the CU about the initiation of the LTM cell switch.
On the other hand we see also the benefits of introducing a new procedure that can be also class 2, which can be more future proof and less prone to errors. So we are open to both options.
Proposal 3 [bookmark: _Toc134766919]We are open to either introducing a new message or using the UE Context Modification Required message to notify the CU about the initiation of the LTM cell switch.

2.5	E1 aspects
Regarding E1 aspects the following agreements were made in the previous meeting:
For intra-CU-UP case, propose to turn the following WF to an agreement:
In case of CP UP separation, once CUCP receives LTM cell switch signling from (source)DU , CU CP initiates E1 bearer context modification to the CU UP including DL tunnel ID per DRB for target cell, for data transmission.
For inter-CU-UP LTM, once the CU-CP receives LTM cell switch signaling from (source) DU, the CU-CP initiates E1 bearer context modification to the target CU UP including DL tunnel ID per DRB for target cell for data transmission.
For inter-CU-UP LTM, the CU-CP initiates E1 bearer context modification to the source CU-UP for retrieving the latest PDCP status at the source CU-UP and exchanging the data forwarding information to target CU-UP.
In case of gNB-CU-UP change, the gNB-CU triggers the source gNB-CU-UP to start data forwarding after receiving LTM cells switch signalling from DU.
For inter-CU-UP LTM, Path switch procedure is performed towards the core network after detecting the UE has accessed to the target cell.
In R3-232094 a tentative TP for inter-DU inter-CU-UP LTM is presented. The procedure used for L1/L2 triggered mobility with the change of gNB-CU-UP within a gNB.



Figure 8.2.1.z LTM with the change of gNB-CU-UP

0. The source gNB-DU forwards the Measurement Report to the gNB-CU-CP.
1. The gNB-CU-CP decides to initiate LTM configuration.
2. The gNB-CU-CP sends a BEARER CONTEXT SETUP REQUEST message containing UL TNL address information for NG-U to setup the bearer context in the target gNB-CU-UP.
3.	The target gNB-CU-UP responds with a BEARER CONTEXT SETUP RESPONSE message containing the UL TNL address information for F1-U, DL TNL address information for NG-U, and the TNL address information for data forwarding to the target gNB-CU-UP.
4 - 5. F1 UE context setup procedure is performed to setup one or more bearers in the gNB-DU.
6 - 7.The gNB-CU-CP sends the RRC Reconfiguration message to the UE. Details are FFS.
8.  The UE sends the lower layer measurement result to the source gNB-DU, and the source gNB-DU decides to execute L1/L2 triggered mobility to a candidate target cell.
9. The source gNB-DU sends the LTM cell switch notify message to the gNB-CU-CP with the selected target cell ID.
10-11. The gNB-CU-CP performs the Bearer Context Modification procedure to retrieve the PDCP UL/DL status and to exchange the TNL address information for data forwarding for the bearers.
12-13.	The gNB-CU-CP performs the Bearer Context Modification procedure to send the DL TNL address information for F1-U and the PDCP UP/DL status to the target gNB-CU-UP.
14.	Data Forwarding may be performed from the source gNB-CU-UP to the target gNB-CU-UP. 
15.  The target gNB-DU detects the UE in the target cell.
16. The target gNB-DU sends an ACCESS SUCCESS message to the gNB-CU-CP.
17 - 19. Path Switch procedure is performed to update the DL TNL address information for the NG-U towards the core network.
20-21.	Bearer Context Release procedure may be performed to release the UE context in the source gNB-DU. 

In principle, the call flow shown above can work and is not erroneous. Nevertheless, we note that the impact on CU-UP is substantial. Namely, the CU-UP will need to produce UL TNL per DRB for every configured candidate cell and signal them to CU-CP. For that reason, we investigated alternative ways that would lead to a minimization of the impact on CU-UP.
Observation 9 [bookmark: _Toc134766916]The impact on CU-UP needs to be minimized.

In our quest to minimize the CU-UP impact we explored two different options.

One way would be that the steps 2 and 3 are executed together with steps 12 and 13. Namely after step 8 where the DU informs the CU-CP about triggering LTM to the target cell, the CU-CP sends a BEARER CONTEXT SETUP REQUEST message containing UL TNL address information for NG-U to setup the bearer context in the CU-UP. The CU-CP decides flow-to-DRB mapping and sends the generated SDAP and PDCP configuration to the CU-UP. The CU-UP responds with a BEARER CONTEXT SETUP RESPONSE message containing the UL TNL address information for F1-U, and DL TNL address information for NG-U. 
After these 2 steps, the CU-CP sends a BEARER CONTEXT MODIFICATION REQUEST message containing the DL TNL address information for F1-U, and PDCP status. And in its turn the CU-UP responds with a BEARER CONTEXT MODIFICATION RESPONSE message.
By performing steps 2 and 3 in the call flow above together with steps 12 and 13, the CU-UP will need to provide UL TNL address information only for the target cell. 
Proposal 4 [bookmark: _Toc134766920]One option that can minimize the impact on CU-UP when performing LTM is that the steps 2 and 3 are executed together with steps 12 and 13. 

Another alternative would be that in step 3 the CU-UP responds with a BEARER CONTEXT SETUP RESPONSE message containing only one UL TNL address information for F1-U to all the candidate cells but only the target cell will be allowed to use it. In that case the BEARER CONTEXT SETUP REQUEST message indicates to CU-UP not to initiate sending downlink packets until the UE successfully accesses the target cell. Based on the above we make the following proposal.
Proposal 5 [bookmark: _Toc134766921]One more option that can minimize the impact on CU-UP when performing LTM is that the CU-UP provides only one UL TNL address which will only be used by the target cell after successful execution of LTM cell switch. 


2.6	Handover collision avoidance between LTM and L3 handover
One more open point from last meeting concerns the co-existence of L3 handover and LTM. 
The following options are discussed:
-	Option 1: OAM configured priority.
-	Option 2: Network decides the priority based on scenario (intra-gNB-CU or inter-gNB-CU) and some assistance information (the measurement results, candidate target cells).
-	Option 3: Flexible priority. The handover triggered first take the high priority.

We think that by fixing the priority between L3 mobility and LTM will be a suboptimal solution. It is obvious that it can not be known a priori in each case which is the best cell for mobility and how to attain best performance. Having a fixed priority will inevitably lead to inferior performance.
Proposal 6 [bookmark: _Toc134766922]The priority of mobility should not be fixed.

We also note that LTM is triggered based on L1 measurements that are periodic while L3 mobility is triggered based on L3 measurements that are event based. This entails that LTM will be triggered faster in most cases and the possibility of co-existence of L3 mobility and LTM does not seem very prominent. As also mentioned in the summary of offline discussions the following cases were mentioned for option 3:
· Case 1, L3 handover triggered earlier than LTM (the gNB-DU receives the L3 handover command before LTM is triggered), L3 handover has high priority.
· Case 2, LTM triggered earlier than L3 (the gNB-CU receives the LTM notify message from gNB-DU before L3 handover is triggered), LTM has high priority,
· Case 3, LTM and L3 handover are triggered almost simultaneously (cross signallings on F1). 
In case 1, the DU may wait to send the LTM cell switch command until L3 handover is completed. Along the same lines in case 2, the CU will not send a HO command as long as LTM is under execution. Similarly in case 3, the DU will respond the UE Context Modification Request received from CU with UE Context Modification Failure with an appropriate cause value and after LTM cell switch is completed the CU can re-initiate the L3 handover.
Also in following agreement made in RAN2 about the LTM and L3 HO coexistence:

While configured with LTM candidate cells, the UE can also execute any L3 handover command sent by the network.

The agreement assumes that is be up to the network to avoid any issue due to the race condition between LTM execution and RRC Reconfiguration (e.g. L3 HO ), e.g. avoid sending LTM switch command and L3 HO command simultaneously.
Based on the above we believe the best way forward in order to assure best performance is to leave the issue of co-existence of L3 mobility and LTM up to network implementation.
Proposal 7 [bookmark: _Toc134766923]Leave the issue of co-existence of L3 mobility and LTM up to network implementation.

2.7	TA management
Regarding TA management the following agreements and open points were captured in the previous meeting.
The CU requests the candidate DU to provide RACH resource per candidate cell for TA acquisition in inter-DU case.
No need to include the RACH resource for TA acquisition alignment in the reply LS.
FFS on the message for CU requesting “RACH resource”(UE Context Setup procedure or UE Context Modification procedure or both)
Also RAN2 has agreed the following for L1/L2-triggered mobility:
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). 
RRC RACH configuration for early TA acquisition (e.g., including whether RAR needs to be received) is specific per target cell and is signalled separately (separate IEs) from the candidate cell configuration (the part that need to be applied at cell switch).
R2 assumes that Early TA RACH option 3 (with RAR from candidate cell) is not needed in Rel-18.

RAN1#121bis-e agreements on TA, as received in the RAN1 LS R1-2304276
Agreement
When reception of RAR is configured, support RAR is received from serving cell at least in intra-DU case. 

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

In the following, we will discuss the RAN3 issues for these two areas and propose a way forward. 
RAN1 has agreed on two solutions: i) in one option the UE receives a RAR (or an equivalent message) including the TA value, while in another option the UE does not expect a RAR and instead, the TA value for the LTM candidate cell is calculated by the C-DU based on the transmitted preamble and is received by the UE in the LTM cell switch command.

TA establishment preparation / configuration
An issue concerning that TA establishment procedure is the role of CU, Serving DU, and Candidate DU in the inter-DU scenario, which is part of the overall stage-2 design. In our view, there could be two different points in time in which the TA establishment procedure is triggered: i) when an LTM candidate is being configured or ii) at a later moment, after an LTM candidate cell for which a TA value is unknown. For the first case, the CU determines to configure an LTM candidate of a Candidate DU based on L3 measurement reports. Assuming that the CU is aware which LTM candidate cells are Uplink (UL) synchronized or not with the UE’s current serving cells, the CU may also include in the UE CONTEXT SETUP REQUEST to a Candidate DU the request for an LTM candidate cell and a request for Time alignment establishment, associated to the requested LTM candidate cell(s).
Another case in which the CU may request the TA establishment to a Candidate DU is when an LTM candidate cell is already configured e.g. in response to L3 or L1 measurement reports. In that case, as a context already exists in the Candidate DU, the request for TA establishment may be included in a UE Context Modification Request.
Proposal 8 [bookmark: _Toc134766924]CU can send a request for TA establishment together with the request to configure an LTM candidate cell is requested to a Candidate DU in the UE Context Setup Request and UE Context Modification Request messages.

[bookmark: _Hlk131437963]If the Candidate DU accepts the request for the TA establishment request, the Candidate DU responds to the gNB-CU with a UE CONTEXT SETUP RESPONSE message including a random access (RA) configuration for TA establishment, with at least Random Access Preamble indices and RACH occasions with the associated SSB indices for each LTM candidate cell configured for TA establishment as agreed by RAN1. 
One possibility would be to rely on the RACH configuration(s) in the LTM candidate configuration, to avoid the need to signal additional RACH configuration(s). However, as the RACH resources for TA establishment may not necessarily be the same resources allocated for normal operation in an LTM candidate cell, it seems more appropriate to assume this as a separated configuration.
Proposal 9 [bookmark: _Toc134766925]If the Candidate DU accepts the request for TA establishment, Candidate DU responds the CU with a RACH configuration for TA establishment in the UE Context Setup Response and UE Context Modification Response messages.

[bookmark: _Hlk131501213]TA acquisition with/without RAR
Assuming approach 1, in which the S-DU triggers the LTM cell switch without first requesting the C-DU (via the CU), the C-DU needs to provide the TA value to the S-DU just after it calculates it when a RAR is not configured. Thus, the C-DU receives the preamble at an LTM candidate cell, calculates a TA value associated to that preamble and transmits the TA value to the CU, which provides the TA value to the S-DU. 
Assuming approach 2, in which the S-DU contacts the C-DU (via the CU) before triggering LTM cell switch, when RAR is not configured a similar solution could be adopted, though approach 2 opens for another possibility in which the C-DU response may include the TA value.
Proposal 10 [bookmark: _Toc131757329][bookmark: _Toc134766926]When TA establishment is triggered and a “RAR” is not configured, the C-DU receives the preamble, calculates the TA value and provides it to the CU (which forwards it to the S-DU).
For the solution when a RAR is configured, the response to the preamble transmission received by the UE contains the TA value. As the UE receives the TA value, as in legacy random access procedure, the UE should monitor the validity of the UL sync with the help of a time alignment timer, associated to the LTM candidate cell for which the preamble has been transmitted. In this case, the RAR (or the MAC CE) is sent by the S-DU so RAR related information should be transferred over F1, similarly as without RAR. More details on the corresponding information will be pending on RAN2’s progress. 
Proposal 11 [bookmark: _Toc131757330][bookmark: _Toc134766927]When a TA establishment is triggered and a “RAR” is configured, the information required to be transferred over F1 should be the same as without RAR case. Details are pending in RAN2.

Regarding the handling of the TA value, as we have already analysed in 2.1, this depends on the approach chosen for LTM execution and one solution would be to wait and discuss in more details after the LTM execution approach is decided. But thinking about the procedure regarding the handling of the TA value and how to signal it over F1 AP, we believe that a better way would be to 
Proposal 12 [bookmark: _Toc134766928]Regarding the handling of the TA value and the issue of successful reception of the preamble, since these issues are related to the LTM execution approach chosen and we propose to discuss after a decision is made with respect to the LTM execution approach.

Regarding the handling of TA value irrespective of which procedure will be decide, we believe that UE Context Setup and UE Context Modification procedure could be used to signal it. On the other hand we are open to the definition of a new message which is more future proof and would be less error prone. A new message could be non-UE associated and thus a better fit for the purpose of the procedure in question. 
Proposal 13 [bookmark: _Toc134766929]Regarding the handling of the TA value we are open to both the use of legacy procedures (i.e. UE Context Setup and UE Context Modification procedure) and the introduction of a new non-UE associated procedure.

A TP to TS 38.473 is provided to reflect the aforementioned proposals.
Proposal 14 [bookmark: _Toc134766930]RAN3 to agree the TP to TS 38.473 in R3-232760.

3	Conclusion
In the previous sections we made the following observation: 
Observation 1	Based on RAN1 agreements, there is a need to include at least the following information about the target cell in the LTM cell switch command: TA-related information, TCI state index(es) for target cell and active BWP for target cell.
Observation 2	Based on RAN1 agreements, there is a need for the serving DU to obtain, in advance, from the candidate DU, information about the target cell to be included in the LTM cell switch command.
Observation 3	In approach 1, there is a need for inter-node message exchange before LTM cell switch execution to obtain information from the candidate DU to be included in the LTM cell switch command, such as TA, TCI states and active BWP.
Observation 4	Also in approach 1, due to race conditions in this approach, the candidate DU typically need to be prepared for the UE arriving in target cell before the serving DU transmits the LTM cell switch command.
Observation 5	In both identified execution approaches the same type of inter-node information needs to be transferred. What sometimes differs is when, e.g. in relation to the LTM cell switch command is transmitted, these are transferred and how they are combined with each other.
Observation 6	In approach 1 there is a need for F1AP message exchange before LTM cell switch execution.
Observation 7	For execution of LTM, two approaches are feasible:
a)	Approach 1 - LTM triggering without target candidate DU involvement: Serving DU decides execution of LTM and send the LTM cell switch MAC CE to the UE.
b)	Approach 2 - LTM triggering with target candidate DU involvement: Serving DU decides triggering execution of LTMneeds to contact first the target candidate DU (via the CU) before sending the LTM cell switch MAC CE to the UE.
Observation 8	The UE Context Modification Required message can be used to notify the CU about the initiation of the LTM cell switch.
Observation 9	The impact on CU-UP needs to be minimized.


In this paper we propose the followings.
Proposal 1	Since both approaches are feasible, RAN3 remains open to both approaches until feedback is received from RAN2.
Proposal 2	The gNB-CU signals the suggested candidate cell(s) to the gNB-DU in multiple UE Context Modification Request messages during configuration for LTM.
Proposal 3	We are open to either introducing a new message or using the UE Context Modification Required message to notify the CU about the initiation of the LTM cell switch.
Proposal 4	One option that can minimize the impact on CU-UP when performing LTM is that the steps 2 and 3 are executed together with steps 12 and 13.
Proposal 5	One more option that can minimize the impact on CU-UP when performing LTM is that the CU-UP provides only one UL TNL address which will only be used by the target cell after successful execution of LTM cell switch.
Proposal 6	The priority of mobility should not be fixed.
Proposal 7	Leave the issue of co-existence of L3 mobility and LTM up to network implementation.
Proposal 8	CU can send a request for TA establishment together with the request to configure an LTM candidate cell is requested to a Candidate DU in the UE Context Setup Request and UE Context Modification Request messages.
Proposal 9	If the Candidate DU accepts the request for TA establishment, Candidate DU responds the CU with a RACH configuration for TA establishment in the UE Context Setup Response and UE Context Modification Response messages.
Proposal 10	When TA establishment is triggered and a “RAR” is not configured, the C-DU receives the preamble, calculates the TA value and provides it to the CU (which forwards it to the S-DU).
Proposal 11	When a TA establishment is triggered and a “RAR” is configured, the information required to be transferred over F1 should be the same as without RAR case. Details are pending in RAN2.
Proposal 12	Regarding the handling of the TA value and the issue of successful reception of the preamble, since these issues are related to the LTM execution approach chosen and we propose to discuss after a decision is made with respect to the LTM execution approach.
Proposal 13	Regarding the handling of the TA value we are open to both the use of legacy procedures (i.e. UE Context Setup and UE Context Modification procedure) and the introduction of a new non-UE associated procedure.
Proposal 14	RAN3 to agree the TP to TS 38.473 in R3-232760.
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Annex A: TP to BL CR for TS 38.401 to support LTM

Approach 1

[image: ]
Approach 1 comprises the following steps:
Step1 	The UE sends lower layer measurement reports about LTM candidate target cells to the serving gNB-DU.
Step2		The serving gNB-DU makes a decision about LTM serving cell change
Step3		The serving gNB-DU transmits a lower layer signal to the UE to trigger the L1/L2 triggered mobility serving cell change. The signal indicates a target cell for L1/L2 triggered mobility.
Step4 	The serving gNB-DU sends a UE Context Modification Required message to the gNB-CU, indicating execution of L1/L2 triggered mobility to the target cell. 
Step5 	The gNB-CU sends a UE Context Modification Request message to the candidate gNB-DU, indicating execution of L1/L2 triggered mobility to the target cell.
Step6 	Upon reception of the UE Context Modification Request the candidate gNB-DU sends a UE Context Modification Response message to the gNB-CU. 
Step7 	The gNB-CU sends a UE Context Modification Confirm message to the serving gNB-DU 
Step8		After that the UE stops transmitting uplink packets, changes to the target cell and starts to monitor beams in the target cell. The UE also applies/switches to the corresponding L1/L2 triggered mobility candidate target cell configuration used to operate with the target cell.
Step9 	The UE transmits an uplink signal to the target gNB-DU indicating its C-RNTI for target cell. The gNB-DU is now able to schedule the UE in the target cell and the UE starts to transmit uplink packets. 

Approach 2
[image: ]
Figure 2. Approach 2 for LTM cell switch procedure (triggering with target candidate DU involvement)

Approach 2 comprises the following steps:

Step1 	The UE sends lower layer measurement reports about LTM candidate target cells to the serving gNB-DU.
Step2		The serving gNB-DU makes a decision about LTM serving cell change
Step3 	The serving gNB-DU sends a UE Context Modification Required message to the gNB-CU, indicating execution of L1/L2 triggered mobility to the target cell. 
Step4		The gNB-CU becomes aware of the LTM execution
Step5 	The gNB-CU sends a UE Context Modification Request message to the candidate gNB-DU, indicating execution of L1/L2 triggered mobility to the target cell. 
Step6-7 	Upon reception of the UE Context Modification Request the candidate gNB-DU prepares information about the candidate cell and sends a UE Context Modification Response message to the gNB-CU including information about the candidate cell.
Step8 	The gNB-CU sends a UE Context Modification Confirm message to the serving gNB-DU including information about the candidate cell.
Step9-10 	The serving gNB-DU prepares lower layer signal based on information from candidate gNB-DU and then the serving gNB-DU transmits a lower layer signal to the UE to trigger the L1/L2 triggered mobility serving cell change. The signal indicates a target cell for L1/L2 triggered mobility. 
Step11	After that the UE stops transmitting uplink packets, changes to the target cell and starts to monitor beams in the target cell. The UE also applies/switches to the corresponding L1/L2 triggered mobility candidate target cell configuration used to operate with the target cell.
Step12 	The UE transmits an uplink signal to the target gNB-DU indicating its C-RNTI for target cell. The gNB-DU is now able to schedule the UE in the target cell and the UE starts to transmit uplink packets. 
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