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1	Introduction
At the RAN2#121bis meeting, RAN2 received the LS [1] from RAN3 on execution approaches for inter-DU LTM, which reads as follows:
	RAN3 has discussed the following two approaches to support inter-DU LTM cell switch during execution. 
Approach 1: the serving gNB-DU triggers the execution by transmitting LTM cell switch command to the UE and then informs the gNB-CU of the serving cell switch. 
[bookmark: _Hlk131606400]Approach 2: the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE.
RAN3 would like to get feedback from RAN2 about the above-mentioned approaches, and provide suggestion if there is any other possibility identified.



After offline discussions regarding resolution for the RAN3 LS in RAN2, as summarized in [2], no on-line agreement was reached. The proposal in the summary were according to below:
	Proposal 5: [18/27] RAN2 reply RAN3 that:
1. Approach 1 is the baseline and should be supported;
2. RAN2 understands followings about Approach 2:
- Firstly, it may delay the sending of the LTM cell switch command with the risk of source link failure.
- Secondly, it may reduce LTM cell switch latency/interruption by enable the exchange of dynamic information in MAC CE (if any). RAN2 will further discuss whether to include such information in the MAC CE, which requires approach 2. RAN2 will keep RAN3 informed on this.

Observation 1: It is better to ask RAN3 to clarify, since there are two different understandings on approach 2 “the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE”:
· Approach 2a: The request and feedback can be done early before the source DU cell’s switch decision (e.g. during LTM preparation or early sync phase), which will NOT defer the triggering LTM cell switch command to the UE
· Approach 2b: Those information (in MAC CE) has to be requested immediately before triggering LTM cell switch command (e.g. during LTM execution phase), which defers the triggering LTM cell switch command to the UE




This contribution addresses the above incoming LS and proposes a way forward.
[bookmark: _Ref178064866]2	Discussion
At that last RAN1 meeting, RAN1#112bis, there was some progress on the content of the LTM cell switch command MAC CE and according to the received RAN1 LS [3] they agreed the following:
	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 especially information about the target cell may, at least in some cases (as optionality is still FFS) to be included in the LTM cell switch command:
· TA-related information 
· TCI state index(es) for target cell
· 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.
Therefore, at some point in time before the LTM cell switch command is transmitted to the UE, the information needs to be obtained from the candidate DU.
We observe:
[bookmark: _Toc134739865]Based on RAN1 agreements, there is a need for the serving DU to obtain, in advance, from the candidate DU, the following information about the target cell to be included in the LTM cell switch command: 
a. [bookmark: _Toc134739866]TA-related information.
b. [bookmark: _Toc134739867]TCI state index(es) for target cell.
c. [bookmark: _Toc134739868]active BWP for target cell.
So let’s take another look at the different proposed approaches for execution and see how they would work in the above observation in mind. 
In approach 1 the serving DU informs the CU only after sending the LTM cell switch command to the UE. In Figure 2, approach 1 for LTM cell switch execution is illustrated, and we have put it into the context of the overall LTM procedure. 


[bookmark: _Ref127443536]Figure 2. Approach 1 for LTM cell switch execution in the context of the overall LTM procedure. The serving gNB-DU triggers the execution by transmitting LTM cell switch command to the UE and then informs the gNB-CU of the serving cell switch.
To be able to use approach 1, the serving DU needs to obtain the information to put into the LTM cell switch command determined by the candidate DU, in advance. In the example above, this is performed in step 6.
The overall procedure may then be as follows:
Steps 1-2.	The UE is configured with candidate cells including an L1 measurements configuration and TA management. UE will then start L1 measurements and will transmit some L1 reports to the serving DU.
Step 3.	At this point, the serving DU will not be able to trigger an LTM cell switch. But it can trigger TA establishment and early DL sync to candidate(s) to speed up the switch, and this may require signalling towards the candidate DU(s).
Steps 4-6.	Serving DU will receive more L1 measurement reports. Before being able to trigger LTM cell switch, it needs to obtain information about the target cell to be included in the LTM cell switch command, e.g. estimated TA, TCI states (in case it does not already have received them during early DL sync triggering) and active BWP from any candidate DU. At this point, the candidate DU may start listening for the UE in the uplink beam as determined by the UL TCI state it previously sent to the serving DU.
Steps 7-10.	Serving DU will receive more L1 measurement reports. Now the serving DU decides to trigger an LTM cell switch. It sends the LTM cell switch command, and if it has obtained the information from the candidate DU for the candidate cell and if it is still valid it includes this information (e.g. TA, TCI states and active BWP) in the LTM cell switch command. Only after that it informs the CU and the candidate DU about the execution.
Steps 11-15.	The UE executes the LTM cell switch procedure and indicates it’s arrival in the target cell. At this point, the candidate DU may or may not have received the indication sent from the serving DU about LTM cell switch triggering.
We observe:
[bookmark: _Toc134739869]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.
[bookmark: _Toc134739870]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.
This preparation can be performed in step 6 in Figure 2.
So now let us discuss approach 2. In documented in the RAN2 email discussion summary [2], it was suggested that there may be two understandings of approach 2:
-	Approach 2a: The request and feedback can be done early before the source DU cell’s switch decision, which will NOT defer the triggering LTM cell switch command to the UE
-	Approach 2b: Those information (in MAC CE) has to be requested immediately before triggering LTM cell switch command, which defers the triggering LTM cell switch command to the UE
We have illustrated these two variants in Figure 3 and Figure 4 below.




[bookmark: _Ref134471571]Figure 3. Approach 2a for LTM cell switch execution in the context of the overall LTM procedure. Early before the LTM cell switch “decision”, the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE.

In approach 2a (Figure 3), the serving DU may request dynamic information from the candidate DU “early before” triggering the LTM cell switch and this is supposed not defer LTM execution, while still enabling the LTM cell switch command include information (e.g. TA, TCI states and active BWP) provided from the candidate DU in step 5, assuming the information is still valid. The serving DU will receive new L1 measurement reports from the UE and the best cell to switch to may as well have changed since the serving DU received the information from the candidate DU. We assume here that also after step 5, the candidate DU starts listening for the UE.


[bookmark: _Ref126234846]Figure 4. Approach 2b for LTM cell switch execution in the context of the overall LTM procedure. Immediately after the LTM cell switch “decision”, the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE.

In approach 2b (Figure 4), the serving DU in step 6 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, 2a and 2b, 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 approaches 2a-2b 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). With this in mind, the specification of unmotivated restrictions should be avoided.
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.
[bookmark: _Toc134739871]In all the identified execution approaches (1, 2a, 2b), 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 propose:
[bookmark: _Toc134739884][bookmark: _Toc127478417]In the LS reply to RAN3, RAN2 should ask them to specify inter-node signalling support that allows the network to implement different signalling approaches for LTM execution (including as examples approach 1, approach 2a and approach 2b). 
[bookmark: _Toc134739885]In the LS reply to RAN3, RAN2 should give input on which information needs to be transferred between the serving DU and candidate DU to support LTM execution.
[bookmark: _Toc134739886]RAN2 to agree so send the reply LS to RAN3 in Annex.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Based on RAN1 agreements, there is a need for the serving DU to obtain, in advance, from the candidate DU, the following information about the target cell to be included in the LTM cell switch command:
a.	TA-related information.
b.	TCI state index(es) for target cell.
c.	active BWP for target cell.
Observation 2	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 3	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 4	In all the identified execution approaches (1, 2a, 2b), 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.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In the LS reply to RAN3, RAN2 should ask them to specify inter-node signalling support that allows the network to implement different signalling approaches for LTM execution (including as examples approach 1, approach 2a and approach 2b).
Proposal 2	In the LS reply to RAN3, RAN2 should give input on which information needs to be transferred between the serving DU and candidate DU to support LTM execution.
Proposal 3	RAN2 to agree so send the reply LS to RAN3 in Annex.

Annex: Draft reply LS to RAN3
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1. Overall Description: 
RAN2 thanks RAN3 for their LS on approaches during execution for inter-DU LTM (R2-2302458 / R3-230889).
RAN2 has discussed the two execution approaches identified by RAN3:
· Approach 1: the serving gNB-DU triggers the execution by transmitting LTM cell switch command to the UE and then informs the gNB-CU of the serving cell switch. RAN2 thinks this approach can be used as a baseline, however we note that also in this approach the serving DU may need to request information from the candidate DU in advance.
· Approach 2: the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE. In the RAN2 discussion, it was brought up there may be two variants on this approach, depending whether the information can be provided well in advance or immediately before execution is triggered:
· Approach 2a: The request and feedback can be done early before the source DU cell’s switch decision, which will NOT defer the triggering LTM cell switch command to the UE
· Approach 2b: The serving gNB-DU immediately requests information before triggering LTM cell switch command, which defers the triggering LTM cell switch command to the UE
RAN2 thinks the difference between these approaches are small and it could be up to the network implementation when certain information is requested from the candidate DU(s) and when the candidate DU is informed about the execution, in relation to when the LTM cell switch command is transmitted to the UE.
The different approaches may serve as examples in a stage-2 description of how the signalling for LTM cell switch execution can be performed in order to identify necessary support in the inter-node interfaces.
RAN2 further kindly requests RAN3 to study and specify inter-node signalling that enables the network to implement different signalling approaches for LTM execution (including approach 1, approaches 2a-2b) without restrictions on the relative order between inter-node procedures and transmission of the LTM cell switch command. 
As additional information to RAN3, RAN2 has identified the following types of information in the inter-node signalling to support inter-DU 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”.

2. Actions:
To RAN3 group.
ACTION: 	RAN2 kindly asks RAN3 to take the above information into account.

3. Date of Next TSG-RAN2 Meetings:
3GPP TSG RAN WG2#123	21 - 25 August 2023		Toulouse, France
3GPP TSG RAN WG2#123bis	9-13 October 2023			Xiamen, China	
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