Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk110350696][bookmark: _Ref110851541]3GPP TSG-RAN WG2 #120	R2-2212435
Toulouse, France, 14 – 18 November 2022

Agenda Item:	8.4.2.2
Source:	Ericsson
Title:	Discussion on RRC aspects for LTM
Document for:	Discussion, Decision

1	Introduction
At RAN2#119-bis-e, the following agreements were made for the RRC aspects of LTM:
	A L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered.
RAN2 continues the discussion on the RRC models by focusing on Model 1 and Model 2 and stage-3 details.
a.	Model 1: One RRCReconfiguration message (or FFS RRCReconfiguration IEs) for each candidate target configuration
b.	Model 2: One CellGroupConfig IE (FFS additional IEs) for each candidate target configuration
RAN2 to use “LTM” as term for the L1/L2-triggered mobility. 
Use the term “cell switch” for the procedure of triggering change of cells via the LTM feature
Use the term “Subsequent” LTM for the case when cell switch between L1/L2 mobility candidates is done without RRC reconfiguration in between.
RAN2 assumes that sequential L1L2 cell change between Candidates without RRC reconfiguration can be supported. 
RAN2 assumes that candidate cell configuration can only be modified / released by Network (FFS later whether some optimization should be applied e.g. for release). 
For L1L2 mobility will support that candidate configurations are delta configurations on top of a reference configuration. FFS if the reference configuration is a separate reference configuration or e.g. the current configuration. 
For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.
FFS how the UE determine the BWPs (for DL and UL) to be used upon the execution of L1/L2 inter-cell mobility



In this contribution we discuss some higher layer aspects (mainly RRC) of LTM, including the following:
· Configuration of candidate target cells, including RRC models
· Handling of bandwidth parts (BWPs)
· RLM and RLF handling
· BFD and BFR handing
[bookmark: _Ref178064866]2	Discussion
2.1	Reply to RAN1 LS in R2-2211154
In October, RAN1 agreed to send an LS to RAN2 (and RAN3) in R2-211154, where the following question is asked:
RAN1 has started the discussion on the configuration for L1 measurement and TCI states for candidate cells. Regarding the following RAN2 agreements captured in RAN2 LS (R1-2208331/R2-2209257), it is not clear for RAN1 which kind of information/configuration for candidate cell(s) are available at a serving cell for inter-DU case for Rel-18 L1/L2 mobility. Thus, companies have different understanding on the implication of the sentence “as much commonality as reasonable” in the LS.
· 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.

Question 3 (to RAN2 and RAN3): RAN1 respectfully asks RAN2 and RAN3 if the serving DU knows the measurement RS configuration and TCI state configuration of cells served by another DU.

What RAN1 is basically asking is if, according to the current RAN2 and RAN3 specifications, a DU (in this case for LTM is the Serving DU) is able to understand or comprehend a configuration generated by another DU (for the LTM case a Candidate DU). According to this, it would be good to clarify to RAN1 that since the beginning of Rel-15, one of the principles that was agree in RAN2 (but also in RAN3) was that one DU is not required to comprehend or understand a configuration generated by another DU. Taking into account that the DU is, for instance, responsible to generate the CellGroupConfig IE, over the F1 the only signalling support that we have is from the DU to the CU and not vice versa. 
One of the principles agree since Rel-15 in RAN2 is that one DU is not required to comprehend or understand a configuration generated by another DU.
Therefore, we propose:
[bookmark: _Toc118411434]RAN2 to reply to RAN1 by clarifying that one DU does not know a configuration generated by another DU.
2.2	Configuration aspects for LTM
As in RRC-based inter-cell mobility, in LTM the UE also needs a target configuration to operate in the target cell which may differ from the configuration of the source cell. As a L1/L2 signaling (like a MAC CE) is not suitable to carry a target cell configuration for LTM, the UE needs to be pre-configured with the configuration of the target cell for LTM which is needed to operate in the target cell. It makes sense this is performed in an RRCReconfiguration message. 
It seems also reasonable to assume that the UE may be configured with more than one LTM target candidate cells. Otherwise, there may be a lot of RRC signaling to configure and reconfigure the UE, to add and release target cell candidates for L1/L2 inter-cell mobility as the UE moves within a certain coverage area.
[bookmark: _Toc118411435]The UE may be configured with multiple LTM candidate cell configurations.
Moreover, in a distributed RAN architecture, as the network functions are split between the DU and the CU, we foresee some impact on F1AP. In this section we elaborate more on the procedures for configuring the candidate cells.
The procedure for configuration of an intra-DU candidate target cell illustrated in Figure 2. 
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[bookmark: _Ref110336632]Figure 2. Configuration of intra-DU candidate target cell for LTM. 
According to what is shown in Figure 2, the understanding is that the triggering for configuring LTM at the UE can be the reception of the L3 measurement report at the CU. This makes sense for mainly two reasons. The first reason is that L3 measurements already support intra-frequency and inter-frequency scenarios and thus the CU may configure the UE to measure the interested frequency in anticipation that some cell(s) may become candidate cells for LTM. The second reason is that current L1 measurement framework (i.e., the CSI measurements) do not support the inter-frequency scenario and thus it would be very limiting to use such measurements to understand which cells can be considered as candidate cell for LTM.
L3 measurements already support intra-frequency and inter-frequency scenarios and thus the CU may configure the UE to measure the interested frequency in anticipation that some cell(s) may become candidate cells for LTM.
Current L1 measurement framework (i.e., the CSI measurements) do not support the inter-frequency scenario and thus it would be very limiting to use such measurements to understand which cells can be considered as candidate cell for LTM.
Therefore, using L3 measurements for triggering the configuration of LTM it seems to be the most straightforward and simple solution. Thus, we propose:
[bookmark: _Toc118411436]The configuration of LTM candidate cell configuration(s) based on the L3 measurements is the baseline.
A further aspect to be clarified is which node is responsible to trigger the configuration of LTM. Since in the above text we have already clarified that L3 measurements could be the triggering for the configuration of LTM, it comes natural to clarify that the CU initiates the procedure, while the DU is still the node that provides the configuration for each LTM candidate cell. Therefore, we have
[bookmark: _Toc118411437]The configuration of LTM is initiated by the CU.
[bookmark: _Toc118411438]The Candidate DU generates a configuration for each LTM candidate cell and includes it in a response to the CU.

The procedure for configuration of an inter-DU candidate target cell is illustrated in Figure 3. 
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[bookmark: _Ref110336675]Figure 3. Configuration of inter-DU candidate target cell for LTM 
As being illustrated by these example procedures, we think that the existing F1AP procedures can be reused for configuring candidate target cells, both for the intra-DU and inter-DU cases. This is however to be discussed further by RAN3.
2.3	Support of delta configuration in LTM
An aspect that was discussed in the last RAN2#119-bis-e meeting is the one related to the support of delta configuration for LTM. The outcome of the discussed resulted in the following agreement:
For L1L2 mobility will support that candidate configurations are delta configurations on top of a reference configuration. FFS if the reference configuration is a separate reference configuration or e.g. the current configuration. 

Even if there is consensus on supporting delta configuration, one FFS to be sorted out in whether the reference configuration used to enable the delta configuration should be considered as a separate configuration provided by the network or rather as an indication that the current (serving) configuration used by the UE should be considered as reference.
In principle, both options may be suitable for the purpose, but having the reference configuration as a separate configuration seems to be an easier and clean solution. A further benefit would be also an easier configuration and maintenance of the reference configuration at the UE. Therefore, we propose:
[bookmark: _Toc118411439]The reference configuration used to enable delta configuration in LTM is provided in a separate configuration by the gNB-CU.
2.4	Handling of BWPs in LTM
One issue that was discussed in the last RAN2#119-bis-e meeting, was which BWP the UE should consider when receiving the lower layer switch command from the network to execute the LTM cell switch procedure. Based on the discussion, it was not possible to reach an agreement and the following has been captured:
FFS how the UE determine the BWPs (for DL and UL) to be used upon the execution of L1/L2 inter-cell mobility

According to TS 38.300, the switching between the initial BWP and a dedicated BWP happens by means of RRC signaling but for the case of L1/L2 inter-cell mobility this procedure is triggered by a lower layer signaling (e.g., a MAC CE or DCI). The text also mentions that a switching between configured BWPs happens by means of Downlink Control Indication (DCI) or inactivity timer however, these are defined only for the same cell (intra-cell BWP switching). Finally, the text also mentions that a switching between configured BWPs happens upon initiation of random access. However, in LTM one of the goals is to reduce the interruption time, by possible accessing the target cell without random access.
On top of this, another big issue is that the serving DU (which is the node that is responsible to send the lower layer signalling to the UE) may not have knowledge about which BWPs have been configured by a Candidate DU in its candidate cell configuration for LTM.
How the UE determine the BWP (for DL and UL) to be used upon the execution of LTM cell switch is not clear.
The serving DU (which is the node that is responsible to send the lower layer signalling to the UE) may not have knowledge about which BWPs have been configured by a Candidate DU in its LTM candidate cell configuration.
In order to overcome the problems described above, a straightforward solution is that which BWP to be used upon the LTM cell switch procedure is indicated directly within the LTM candidate cell configuration.
[bookmark: _Toc118411440]The BWP to be used by the UE upon the execution of the LTM cell switch procedure is indicated directly within the LTM candidate cell configuration.

2.5	RLM and RLF handling in LTM
Assuming that the UE is operating in a serving cell and, at the same time, is configured with a set of LTM candidate cell configurations, one open aspect that need to be discussed is how the RLM and subsequent RLF procedure is performed. So far, the existing solutions for RLF detection in 5G NR rely on radio related problems on a RLM process based on the monitoring of the Special Cell (SpCell), such as the PCell in the Master Cell Group (MCG), or the PSCell in the Secondary Cell Group (SCG). Further, there is no RLM for the case in which the UE is configured with SCell(s)
So far, the existing solutions for RLF detection in 5G NR rely on radio related problems on a RLM process based on the monitoring of the Special Cell (SpCell).
However, in LTM the UE is not only configured with an SpCell, but in addition, with one or more LTM target candidate cells which the UE can move to upon the reception of a lower layer signaling. Hence, the existing framework for RLF detection and RLM may not be suitable, as the UE may actually leave the coverage of the SpCell to which is currently connected (i.e., its serving cell) but it may be still in coverage of one (or more) LTM candidate cell(s). In this case, according to the legacy solution the UE would declare RLF and initiate the RRC re-establishment procedure with a consequent long connectivity interruption.
The UE may leave the coverage of the SpCell to it which is currently connected (i.e., its serving cell) but it may be still in coverage of one (or more) of LTM candidate cell(s).
According to this, several solutions can be adopted in order to avoid the UE to declare RLF and initiate the RRC re-establishment procedure, as far as one of the candidate cells for LTM is still good.
In one solution, it would be enough for the UE to consider a joint RLM process where the UE not only monitor the status of its serving cell, but also the status of the configured candidate cells for LTM. According to this, the RLF would be declared only is the serving cell and none of the configured candidate cells for LTM are available anymore. In a second solution, the UE may have independent RLM processes, one for the serving cell and one for each configured candidate cells for LTM. In this case, the RLF may be declared locally on the serving cell and on one of the candidate cells for LTM.
Bottom line is that in both solution the UE will have the possibility to recover the connection over one of the configured candidate cells for LTM when an RLF is detected on the serving cell.
[bookmark: _Toc118411441]RAN2 to discuss how the RLM and RLF are performed when the UE is configured with LTM candidate cell configurations.
[bookmark: _Toc118411442]RAN2 to consider solutions for the RLM where:
a) [bookmark: _Toc118411443]The UE has a joint RLM process where it monitors the serving cell and the configured candidate cells for LTM.
b) [bookmark: _Toc118411444]The UE has a single RLM process for the serving cell and for each of the configured candidate cells for LTM.
c) [bookmark: _Toc118411445]The UE has a single RLM process only for the serving cell (i.e., RLM is not configured for candidate cell(s)).
2.6	BFD and BFR handling in LTM
Similar to what has been discussed in section 2.4 for the handling of the RLM and RLF processes, the same situation is present for the BFD and BFR handling in case the UE is configured with one or more candidate cells for LTM.
If the legacy procedure is followed, the UE will perform BFD and BFR only on the serving cell but this it may result in an unnecessary connectivity interruption (since the UE would need to trigger a random access procedure to restore the connection) as one or more LTM candidate cell configurations may be still good.
In order to overcome this problem, and also to avoid the UE to perform BFR in case at least one of the candidate cells for LTM is still good, different solution can be considered.
In a solution, the BFD and BFR is done only on the serving cell. However, in case a BFD is detected, the UE should have the freedom to trigger autonomously the execution of a LTM cell switch procedure on one of the candidate cells, if there is one that is good enough. We think that the UE may be perfectly capable of doing this because the UE may need to perform anyway CSI measurement on all the configured candidate cells for LTM.
In another solution, the BFD and BFR is done by considering a set of beams which include beams from the serving cell plus beams from the configured candidate cells for LTM. In this solution, the BFD can be detected on the serving cell but also on one of the candidate cells for LTM. Bottom line is that the BFR should be initiated only if the UE cannot recover on any of the available beams (beams of the serving cell and beams of the candidate cells).
There is also another solution where the BFD and BFR is done independently on the serving cell and on one or more of the configured candidate cells for LTM. Even if one it may say that this solution may not avoid connectivity interruption, one benefit of this solution is that the UE may constantly monitor the status of the candidate cells and eventually inform the serving cell on when some of the candidate cells become unavailable.
Nevertheless, all the three solutions have pros and cons and RAN2 should discuss them before to reach an agreement on how to handle the BFD and BFR for the case when the UE is configured with LTM candidate cell configurations.
[bookmark: _Toc118411446]RAN2 to discuss how the BFD and BFR are performed when the UE is configured with LTM candidate cell configurations.
[bookmark: _Toc118411447]RAN2 to consider solutions for the BFD and BFR:
d) [bookmark: _Toc118411448]BFD/BFR is done only on the serving cell.
e) [bookmark: _Toc118411449]BFD/BFR is done jointly on the serving cell and the configured candidate cell for LTM.
f) [bookmark: _Toc118411450]BFD/BFR is done independently on the serving cell and on each configured candidate cell for LTM.
3	Conclusion
According to the discussion in Section 2, the following observations are made:
1. One of the principles agree since Rel-15 in RAN2 is that one DU is not required to comprehend or understand a configuration generated by another DU.
L3 measurements already support intra-frequency and inter-frequency scenarios and thus the CU may configure the UE to measure the interested frequency in anticipation that some cell(s) may become candidate cells for LTM.
Current L1 measurement framework (i.e., the CSI measurements) do not support the inter-frequency scenario and thus it would be very limiting to use such measurements to understand which cells can be considered as candidate cell for LTM.
How the UE determine the BWP (for DL and UL) to be used upon the execution of LTM cell switch is not clear.
The serving DU (which is the node that is responsible to send the lower layer signalling to the UE) may not have knowledge about which BWPs have been configured by a Candidate DU in its LTM candidate cell configuration.
So far, the existing solutions for RLF detection in 5G NR rely on radio related problems on a RLM process based on the monitoring of the Special Cell (SpCell).
The UE may leave the coverage of the SpCell to it which is currently connected (i.e., its serving cell) but it may be still in coverage of one (or more) of LTM candidate cell(s).

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to reply to RAN1 by clarifying that one DU does not know a configuration generated by another DU.
Proposal 2	The UE may be configured with multiple LTM candidate cell configurations.
Proposal 3	The configuration of LTM candidate cell configuration(s) based on the L3 measurements is the baseline.
Proposal 4	The configuration of LTM is initiated by the CU.
Proposal 5	The Candidate DU generates a configuration for each LTM candidate cell and includes it in a response to the CU.
Proposal 6	The reference configuration used to enable delta configuration in LTM is provided in a separate configuration by the gNB-CU.
Proposal 7	The BWP to be used by the UE upon the execution of the LTM cell switch procedure is indicated directly within the LTM candidate cell configuration.
Proposal 8	RAN2 to discuss how the RLM and RLF are performed when the UE is configured with LTM candidate cell configurations.
Proposal 9	RAN2 to consider solutions for the RLM where:
a)	The UE has a joint RLM process where it monitors the serving cell and the configured candidate cells for LTM.
b)	The UE has a single RLM process for the serving cell and for each of the configured candidate cells for LTM.
c)	The UE has a single RLM process only for the serving cell (i.e., RLM is not configured for candidate cell(s)).
Proposal 10	RAN2 to discuss how the BFD and BFR are performed when the UE is configured with LTM candidate cell configurations.
Proposal 11	RAN2 to consider solutions for the BFD and BFR:
a)	BFD/BFR is done only on the serving cell.
b)	BFD/BFR is done jointly on the serving cell and the configured candidate cell for LTM.
c)	BFD/BFR is done independently on the serving cell and on each configured candidate cell for LTM.
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