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1	Introduction
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.



This contribution addresses the above incoming LS and proposes a way forward.
[bookmark: _Ref178064866]2	Discussion
2.1	The intra-DU case
While the RAN3 LS specifically asks about the inter-DU case, we would like to point out that RAN2 previously concluded the following at RAN2#119-e:
	[bookmark: _Hlk127352934]The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.


 
We think that the intra-DU case typically provides shorter latency than the inter-DU case (e.g., no RLC re-establishment needed). Further, for the intra-DU case all information about the target cell can be made available within the DU, including any dynamic information. Also, the DU is already aware of that the UE is coming when it triggers the cell switch, so it is prepared for transmission and reception to/from the UE. Then the DU can avoid allocating resources well in advance (such as uplink resources for UE reception) but still have them ready when the UE arrives in the target cell.
[bookmark: _Toc131756982][bookmark: _Hlk130982759]In the intra-DU case, the DU is aware of the UE is coming at the time LTM cell switch is executed. This enables shorter interruption without the extra cost of resources allocated in advance within the target cell.
To further speed up the LTM cell switch procedure, additional (dynamic) information about the target cell can be provided to the UE. However, this would require that such information need to be provided in the LTM cell switch command. 
Examples of such dynamic information about target cell to further reduce the latency are:
· Beam information, such as information enabling the UE to determine the TCI state(s) to be activated in the target cell during the LTM cell switch.
· Information for CFRA LTM cell switch, such as dedicated RACH preambles.
· Information for RACH-less LTM cell switch, such as TA value, and/or configured UL grants in the target cell. 
· SCell activation/deactivation state in the target. This does not speed up the switch as such but makes the UE more ready in the target as it avoids SCell activation after the switch.
[bookmark: _Toc131756983]In the intra-DU case, it is possible to provide dynamic information about the target cell to the UE to further reduce the latency. However, this would then require that this dynamic information need to be included in the LTM cell switch command.
If we acknowledge that there is dynamic information that can be sent to the UE to speed up the LTM cell switch for the intra-DU case and make the UE ready once in the target cell, we will see in the next section that the two execution approaches for the inter-DU case provide different level of supporting this information.
For reference, in the RAN3 38.401 BLCR [2], the intra-DU case for LTM is illustrated in Figure 1 as follows:


[bookmark: _Ref130977543]Figure 1. Intra-DU LTM (from 38.401 BLCR)

2.2	The two execution approaches for the inter-DU case
With the above in mind, if we turn to the inter-DU case, that RAN3 specifically asks about, let’s analyse the two approaches based on our understanding of the signalling sequences. The main difference between the approaches is in which order the serving DU transmits the LTM cell switch command to the UE and informs the target candidate DU via the CU about the execution.


[bookmark: _Ref127443536]Figure 2. Approach 1 for LTM cell switch execution. 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.
In approach 1 (Figure 2), the serving DU informs the CU only after sending the LTM cell switch command to the UE. As illustrated in Figure 2, the CU may or may not inform the candidate DU as well. However, there is 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: _Toc131756984]In approach 1, the candidate DU needs to be prepared for the UE arriving in target cell already after LTM candidate cell configuration.
Moreover, in approach 1, the information that can be provided in the LTM cell switch command to the UE would be limited to the information already known by the serving DU before it makes the decision to trigger LTM cell switch, and information that is allowed to be set. We assume that in approach 1, for example, the Serving DU should not be allowed to set state related information of the target candidate DU, such as SCell state(s), which would break a basic architecture principle.
Therefore, if only approach 1 for execution would be supported, we think that the dynamic information in the LTM cell switch command should not be possible to include even for the intra-DU case. That would lead to restrictions on what an LTM cell switch command can include which will in turn affect the performance of intra-DU case.
[bookmark: _Toc131756985]If only approach 1 is supported, we need to put restrictions on which dynamic information that can be included into the LTM cell switch command, also for the intra-DU case.




[bookmark: _Ref126234846]Figure 3. Approach 2 for LTM cell switch execution. The serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE.
In approach 2 (Figure 3), the triggering of LTM cell switch will be somewhat delayed compared to approach 1 and this is a main drawback with approach 2. Considering also the UE delay for LTM execution, this network delay before triggering would be added on top, even if it does not negatively affect the interruption time. 
The round trip delay for a single F1AP procedure depends on deployment and implementation but is typically just a few ms.  
But a short latency before execution may on the other hand cause more ping pong which may not be desired for the inter-DU case. So we are not completely convinced that the shorter latency is so important for the inter-DU case of LTM. For example, the serving DU may want to wait more L1 measurement reports that confirm that the candidate cell is the best to go to. Meanwhile, it can use the signalling in approach 2 to prepare the candidate for UE arrival to have the LTM cell switch command ready to be sent in case it decides to trigger a cell switch.
This additional delay needs to be traded against the benefits of this approach: 
· Possibility for the CU (and candidate DU) to reject the LTM execution. A network implementation may want the CU to be in control of inter-DU mobility, including inter-DU LTM.
· Avoids race conditions between LTM cell switch and RRC procedures, including L3 mobility. This is because the CU may reject the LTM cell switch or postpone any preparation of an upcoming RRC procedure when receiving the indication from the serving DU of an imminent LTM cell switch.
· Possibility to include dynamic information in the LTM cell switch command, which should not be decided by the serving DU when it triggers LTM execution. This is the same type of dynamic information that can be provided for the intra-DU case. If we have an LTM cell switch command including the dynamic information (such as UL grant or TA) to support the intra-DU case, we think that the inter-node signalling should support the inclusion of this information also for the inter-DU case. Otherwise it would be very tricky, or even impossible, for the serving DU to include that information without negative consequences for the success of the LTM cell switch procedure.
· Similar to the intra-DU case, the DU is already aware of that the UE is coming when it triggers the cell switch, so it is prepared for transmission and reception to/from the UE. Then the DU can avoid allocating resources during the LTM candidate cell configuration (such as uplink resources for UE reception) but still have them ready just in time when the UE arrives in the target cell.
[bookmark: _Toc127478533][bookmark: _Toc131756986]Approach 2 for execution enables the CU and candidate DU to reject the execution and avoids race conditions between LTM and RRC procedures such as L3 mobility.
[bookmark: _Toc131756987]In approach 2 for execution (LTM triggering with target candidate DU involvement), just as in the intra-DU case, it is possible to include dynamic information in the LTM cell switch command.
[bookmark: _Toc131756988]In approach 2 for execution, just as in the intra-DU case, the target DU is aware of that the UE is about to arrive at the time LTM cell switch is executed. This enables the candidate DU to allocate resources in the target cell later.
[bookmark: _Toc131756989]When using approach 2 for execution, the latency before LTM cell switch is triggered is increased with two F1AP round trip procedure delays.

The discussion above illustrates that both approaches have pros and cons, as summarized below. 
Table 1. Comparison between the two execution approaches
	
	Latency before triggering
	Dynamic information in LTM cell switch command
	CU/candidate DU can reject execution
	Avoids race conditions
	Reservation of radio resources in target cell
	Complexity

	Approach 1
	Almost no latency
	Limited
	No
	Limited
	Early
	Low

	Approach 2
	Short to medium
	Yes
	Yes
	Yes
	Late
	Low



We think there are some advantages to support approach 2 for execution but this comes with a cost of a few ms network delay before triggering. Approach 2 has likely also higher complexity as there is some dynamic information that needs to be transferred during execution.
Looking at the signalling diagrams for these two approaches, they look quite similar as both involve the same F1AP procedures. The difference is when the serving DU triggers the first F1AP message to the CU. But also in approach 1, it is up to the serving DU when to inform the CU about execution, as long as it knows that the LTM cell switch will be executed. So if we support approach 2, also approach 1 may be implicitly supported if the information exchanged in F1AP for approach 2 (e.g. the request for dynamic information and the response). 
We therefore think that if we specify approach 2, it would be easy to support approach 1 by network implementation as long as F1AP supports this.
[bookmark: _Toc127478534][bookmark: _Toc131756990]If approach 2 is specified, also approach 1 can be used by a network implementation, given this is supported by F1AP.
[bookmark: _Toc127478417][bookmark: _Toc131756991]For the execution of LTM cell switch, both the following approaches are supported:
a. [bookmark: _Toc127478418][bookmark: _Toc131756992]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.
b. [bookmark: _Toc127478419][bookmark: _Toc131756993]Approach 2 - the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE.
[bookmark: _Toc131756994]RAN2 to agree so send the reply LS to RAN3 in Annex to indicate that both approaches should be supported.
Conclusion
In the previous sections we made the following observations: 
Observation 1	In the intra-DU case, the DU is aware of the UE is coming at the time LTM cell switch is executed. This enables shorter interruption without the extra cost of resources allocated in advance within the target cell.
Observation 2	In the intra-DU case, it is possible to provide dynamic information about the target cell to the UE to further reduce the latency. However, this would then require that this dynamic information need to be included in the LTM cell switch command.
Observation 3	In approach 1, the candidate DU needs to be prepared for the UE arriving in target cell already after LTM candidate cell configuration.
Observation 4	If only approach 1 is supported, we need to put restrictions on which dynamic information that can be included into the LTM cell switch command, also for the intra-DU case.
Observation 5	Approach 2 for execution enables the CU and candidate DU to reject the execution and avoids race conditions between LTM and RRC procedures such as L3 mobility.
Observation 6	In approach 2 for execution (LTM triggering with target candidate DU involvement), just as in the intra-DU case, it is possible to include dynamic information in the LTM cell switch command.
Observation 7	In approach 2 for execution, just as in the intra-DU case, the target DU is aware of that the UE is about to arrive at the time LTM cell switch is executed. This enables the candidate DU to allocate resources in the target cell later.
Observation 8	When using approach 2 for execution, the latency before LTM cell switch is triggered is increased with two F1AP round trip procedure delays.
Observation 9	If approach 2 is specified, also approach 1 can be used by a network implementation, given this is supported by F1AP.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For the execution of LTM cell switch, both the following approaches are supported:
a.	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.
b.	Approach 2 - the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE.
Proposal 2	RAN2 to agree so send the reply LS to RAN3 in Annex to indicate that both approaches should be supported.

Annex: Draft reply LS to RAN3

[bookmark: Title][bookmark: DocumentFor][bookmark: _Hlk40295327]3GPP TSG RAN WG2#121bis-e	R2-230xxxx
Online, 17th - 26th April, 2023


[bookmark: _Hlk131577177]Title:	[DRAFT] Reply LS on Approaches during execution for inter-DU LTM
Response to:	R2-2302458 / R3-230889
Release:	Rel-18
Work Item:	NR_mob_enh2-Core

Source:	Ericsson (to be RAN2)
To:	RAN3
Cc:	RAN1

Contact Person:	
Name:	Antonino Orsino
E-mail Address:	antonino.orsino@ericsson.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	None


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.
· Approach 2: the serving gNB-DU first requests information from target DU before triggering LTM cell switch command to the UE.
RAN2 thinks that approach 2 has some advantages over approach 1. For example, it enables the serving DU to include dynamic information set by the target DU, such as information needed for RACH-less LTM cell switch, in the LTM cell switch command. It also makes the target DU aware of that the UE is coming at the point of execution and therefore avoids reservation of resources already during the LTM candidate cell configuration.
The main advantage with approach 1 is the shorter latency before execution is triggered, compared with approach 2. RAN2 believes however that the knowledge about latency for F1AP procedures is within RAN3 expert region.
RAN2’s preference is that both approach 1 and approach 2 should be be supported by the specifications and then it would be up to network implementation which approach to use.

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#122	22 - 26 May 2023			Incheon, Korea
3GPP TSG RAN WG2#123	21 - 25 August 2023		Toulouse, France

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref130974317][bookmark: _Ref174151459][bookmark: _Ref189809556]R2-2302458/R3-230889, LS on Approaches during execution for inter-DU LTM, RAN3, 3GPP TSG RAN WG2#121bis-e, Online, 17th - 26th April, 2023
[bookmark: _Ref130977230]R3-231027, (TP for L1L2Mob BLCR for TS 38.401) BLCR update with latest agreements for intra-DU LTM, ZTE, Nokia, Nokia Shanghai Bell, Huawei, Ericsson, CMCC, Qualcomm Incorporated, 3GPP TSG-RAN WG3 #119, Athens, Greece, 27 Feb - 03 Mar 2023
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