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1	Introduction
At the last RAN2#120 meeting, the following agreements were made for the RRC aspects of LTM:
	Agreed: Usage of reference configuration: 
- 	Candidate delta configuration is applied on top of the reference configuration to form a complete candidate configuration (FFS if done at cell switch or before the cell switch)
- 	The complete candidate configuration is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset RLC or PDCP. 
-	To support reconfigurations that requires reset of RLC PDCP, this should be possible (in principle same a full config) 
-	FFS if more than RLC PDCP should be kept and how much of “replacing” need to be specified.
-	FFS if the reference configuration can be derived from the current UE configuration at some point of time. 
agree to use Model 1: One RRCReconfiguration message for each candidate target configuration RRCReconfiguration to configure target candidate cells
Reference config can be empty
In the RRC procedures, the candidate delta configuration is applied on top of the reference configuration to form a complete candidate configuration when the UE receives the LTM configuration (before the LTM cell switch). UE implementation can postpone that step to the reception of the LTM cell switch command. FFS Discuss early vs late compliance check. 
In the RRC procedures, the complete candidate configuration is applied and replacing the current UE configuration (at the time of reconfiguration execution/cell switch), by a RRC reconfiguration procedure that makes replacements of configuration but doesn’t necessarily reset MAC, RLC or PDCP. FFS whether we can rely on a modified version of the reconfiguration procedure with fullconfig flag set. FFS how to make sure the procedures work in case the LTM candidate configuration is a complete configuration.



In this contribution we discuss further RRC aspects on LTM that still need to be addressed.
[bookmark: _Ref178064866]2	Discussion
2.1	Open issues on the reference configuration for LTM
According to the agreements made in the last meeting, there are still open issue related to the reference configuration for LTM.
The first open issue is whether it is possible the reference configuration can be derived from the current UE configuration at some point of time. In principle, from the UE perspective this is not a difficult to achieve as the network may simply indicate to the UE (via e.g., a flag in RRC) that the reference configuration for LTM is actually the current configuration of the UE. 
However, in the last meeting it was agreed the following:
Reference config can be empty

The understanding of this agreement is that the UE expect to receive a reference configuration for LTM, but then on whether the reference configuration is an actual configuration or whether the reference configuration is empty is up to the network.
According to this, if now the case on when the reference configuration is the current UE configuration is allowed, this basically can be achieved according to two different solutions:
1. In one solution, the network will send a reference configuration to the UE and this reference configuration will contain a configuration that is exactly the same as the current configuration of the UE.
2. In another solution, the network will indicate to the UE that the reference configuration is actually the current configuration of the UE. This may be achieved by using a flag in RRC.
In case of solution 2, this imply that a new flag is introduced in RRC and also that the field in which the reference configuration is indicate to the UE needs to be absent. However, if a reference configuration was previously configured at the UE and in a later moment the network decides to indicate that the reference configuration is the current UE configuration, in this case the whole LTM feature needs to be released and setup again, which is totally an overkill.
With solution 1, instead, the network has already the opportunity to indicate that the current UE configuration is the reference configuration for LTM and this will require almost no standardization effort to be supported. Therefore, we propose:
[bookmark: _Toc131757543]The serving cell configuration of the UE can be an LTM candidate cell.
[bookmark: _Toc131757544]The serving cell configuration of the UE can be signalled within the list of LTM candidate cell configurations.
A further issue to be discussed is about the following FFS:
FFS how to make sure the procedures work in case the LTM candidate configuration is a complete configuration.

In this case, the scenario is that the network provides an LTM candidate cell configuration that is a “complete” LTM candidate cell configuration, and thus the UE should not consider the reference configuration for LTM but simply apply the received LTM configuration when an LTM cell switch is triggered. In order to do so, the UE should be aware on whether the LTM candidate cells configurations received are “complete” configuration or a “delta” of the reference configuration.
[bookmark: _Toc131757545]The UE should be aware on whether the LTM candidate cells configurations received are “complete” configuration or a “delta” of the LTM reference configuration.
[bookmark: _Toc131757546]RAN2 to study solutions on how to make the UE aware that LTM candidate cells configurations received are “complete” configuration or a “delta” of the LTM reference configuration.

2.2	When ASN.1 decoding and validity/compliance check of candidate cell configuration are done
In the latest version of the running TS 38.300 endorsed for LTM, the following FFS is captured based on the discussion on when the UE should perform the ASN.1 decoding and validity/compliance check of an LTM candidate cell configuration:
Editor’s note: FFS whether ASN.1 decoding and validity/compliance check of candidate cell configuration are performed upon reception of the candidate cells configuration, and if this needs to be specified.
In the last RAN2 meeting, the following agreements was made about the RRC model to be used for LTM:
  Agree to use Model 1: One RRCReconfiguration message for each candidate target configuration RRCReconfiguration to configure target candidate cells

For RRC model 1, the LTM candidate cell configuration is modelled as an RRCReconfiguration message. Based on this, the UE gets an RRCReconfiguration message for an LTM candidate cell within another RRCReconfiguration message (that may not be related to LTM specifically). Also, a UE may receive an RRCReconfiguration related to MCG and one related to SCG.
Therefore, according to the current RRC processing delay we have in TS 38.331 (clause 12), if the UE performs the ASN.1 decoding and validity/compliant check of an LTM candidate cell configuration, this may take a delay that can be in the order of 10-32ms (10ms is only of the RRCReconfiguration does not include SCells and neither SCG).
[bookmark: _Toc131757535]For model 1, in case the UE performs the ASN.1 decoding and compliance check of an LTM candidate cell configuration upon the LTM cell switch, this may take around 10-32ms (10ms is only of the RRCReconfiguration does not include SCells and neither SCG).
A separate handling deserves the processing of the reference configuration for LTM. In this case, if a reference configuration is provided by the network, the UE would need to process this configuration before applying the LTM candidate cell configuration. In case the UE performs the ASN.1 decoding and validity/compliant of reference configuration for LTM upon the LTM cell switch, this delay will sum up with the one that the UE will already have for processing an LTM candidate cell configuration, regardless on the RRC model adopted.
[bookmark: _Toc131757536]In case the UE performs the ASN.1 decoding and compliance check of reference configuration for LTM upon the LTM cell switch, this delay will be an additional component to the latency.
Therefore, based on what has been discussed in this section, two main conclusions can be drawn. The first one is that performing the ASN.1 decoding and validity/compliant of an LTM candidate cell configuration upon the LTM cell switch introduces unwanted delay and increases the UE connectivity interruption. The second one, is that the RRC model 1 may have a longer delay upon the LTM cell switch, if the UE perform the ASN.1 decoding and validity/compliant of an LTM candidate cell configuration upon the LTM cell switch.
[bookmark: _Toc131757537]Performing the ASN.1 decoding and compliance check of an LTM candidate cell configuration upon the LTM cell switch introduces unwanted delay and increases the UE connectivity interruption.
[bookmark: _Toc131757538]The RRC model 1 may have a longer delay upon the LTM cell switch, if the UE perform the ASN.1 decoding and compliance check of an LTM candidate cell configuration upon the LTM cell switch.
According to this, we propose:
[bookmark: _Toc131757547]In order to reduce latency and connection interruption upon the LTM cell switch, the UE performs the ASN.1 decoding and compliance check of reference configuration and the LTM candidate cells configurations when these are received.
2.3	Need for reconfiguration with sync for LTM
In the LTM discussion, RAN2 is still evaluating what RRC model is more suitable to represent an LTM candidate cell configuration at the UE. However, one aspect that has not been discussed so far is whether to re-use the reconfigurationWithSync IE also for the LTM configuration and execution.
In NR, reconfiguration with sync is used when the UE needs to perform a synchronous reconfiguration towards another cell and that involves a MAC reset and this action always imply that the random access procedure need to be executed (in order to access the network and acquire the UL sync). Therefore, we can say that reconfiguration with sync it will also trigger the initiation of the random access procedure at the UE. So far when reconfigurationWithSync is included in the CellGroupConfig IE, this always triggers random access at the UE.
In LTM, RAN2 and RAN1 already agreed that RACH-less LTM cell switch procedure needs to be supported and they are working on solutions on how to handle this. According to this, if the reconfiguration with sync procedure is re-used, a new use case needs to be handled that is when this procedure does not actually trigger the random access at the UE. In [2] and [3] we discuss the triggering of MAC reset and the actions during partial and full MAC reset for LTM. As a reconfigurationWithSync today causes a full MAC reset there is a need to make exceptions for LTM to select between full and partial MAC reset and to determine whether to trigger RACH or not. As we need to specify a new RRC procedure for execution of the LTM switch in RRC (e.g. to apply the LTM candidate configuration) this new procedure can include also the actions to trigger e.g. partial and full MAC reset and RACH during LTM cell switch without using reconfigurationWithSync. As also discussed in [2] the triggering of MAC reset needs to be decided at the time of triggering an LTM cell switch to prevent RRC reconfiguration after an LTM cell switch was performed. So, if the reconfigurationWithSync is included in an LTM candidate cell configuration it would always trigger full MAC reset and a random access for all cases, even for intra-DU and when UE have already acquired a valid TA for the target cell.
Therefore, a simpler solution would be to not use the reconfiguration with sync procedure for the case of LTM. This implies that a new RRC procedure will need to be specified when the UE applies the LTM candidate configuration upon the execution of the LTM cell switch, where the UE actions to perform (partial) MAC reset and random access and when not needs to be standardized for LTM.
[bookmark: _Toc131757548]Reconfiguration with sync (IE and procedure) is not used in LTM.
2.4	L2 reset signalling for LTM
How to signal on whether to do a L2 reset or not to the UE has been discussed in the last RAN2 meeting, and the outcome of this discussion was this agreement:
To determine if to reset L2 or not is based on RRC configuration (e.g. set of cells. FFS if separate for RLC, MAC, PDCP). 

Based on this agreements, one question in whether to have separate flags for the different layer on where a L2 reset happens, or whether to have only one indication that will trigger a L2 reset on all layers. Please, note that for the PDCP layer is not a reset, but rather a PDCP recovery as the PDCP entity never changes during an LTM cell switch.
According to the current specifications, when there is no change of the termination point (and thus the security is not changed), PDCP recovery is performed but the RLC and MAC entities are not necessarily re-established. Because of this, it makes sense to have at least a separate indication for the PDCP recovery. 
About having also separate flags for the MAC partial reset and RLC reestablishment, this boils down to the level of flexibility that one wants to allow. For the time being, it would be good to check which scenarios are allowed (e.g., MAC reset but no RLC reestablishment) and then make a final decision.
Thus, we propose:
[bookmark: _Toc131757549]The PDCP recovery is indicated to the UE via a dedicated flag within the LTM configuration. FFS whether a separate flag is needed for MAC and RLC.
2.5	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 LTM this procedure is triggered by a lower layer signaling (a MAC CE or possibly 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.
[bookmark: _Toc131757539]How the UE determine the BWP (for DL and UL) to be used upon the execution of LTM cell switch is not clear.
[bookmark: _Toc131757540]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 baseline solution is that which BWP to be used upon the LTM cell switch procedure is indicated directly within the LTM candidate cell configuration.
[bookmark: _Toc131757550]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. 

2.6	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 on SCell(s)
[bookmark: _Toc131757541]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.
[bookmark: _Toc131757542]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: _Toc131757551]RAN2 to discuss how the RLM and RLF are performed when the UE is configured with LTM candidate cell configurations and consider solutions for the RLM where:
a) [bookmark: _Toc131757552]The UE has a joint RLM process where it monitors the serving cell and the configured candidate cells for LTM.
b) [bookmark: _Toc131757553]The UE has a single RLM process for the serving cell and for each of the configured candidate cells for LTM.
c) [bookmark: _Toc131757554]The UE has a single RLM process only for the serving cell (i.e., RLM is not configured for candidate cell(s)).
2.7	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: _Toc131757555]RAN2 to discuss how the BFD and BFR are performed when the UE is configured with LTM candidate cell configurations and consider solutions for the BFD and BFR:
d) [bookmark: _Toc131757556]BFD/BFR is done only on the serving cell.
e) [bookmark: _Toc131757557]BFD/BFR is done jointly on the serving cell and the configured candidate cell for LTM.
f) [bookmark: _Toc131757558]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:
Observation 1	For model 1, in case the UE performs the ASN.1 decoding and compliance check of an LTM candidate cell configuration upon the LTM cell switch, this may take around 10-32ms (10ms is only of the RRCReconfiguration does not include SCells and neither SCG).
Observation 2	In case the UE performs the ASN.1 decoding and compliance check of reference configuration for LTM upon the LTM cell switch, this delay will be an additional component to the latency.
Observation 3	Performing the ASN.1 decoding and compliance check of an LTM candidate cell configuration upon the LTM cell switch introduces unwanted delay and increases the UE connectivity interruption.
Observation 4	The RRC model 1 may have a longer delay upon the LTM cell switch, if the UE perform the ASN.1 decoding and compliance check of an LTM candidate cell configuration upon the LTM cell switch.
Observation 5	How the UE determine the BWP (for DL and UL) to be used upon the execution of LTM cell switch is not clear.
Observation 6	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.
Observation 7	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).
Observation 8	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	The serving cell configuration of the UE can be an LTM candidate cell.
Proposal 2	The serving cell configuration of the UE can be signalled within the list of LTM candidate cell configurations.
Proposal 3	The UE should be aware on whether the LTM candidate cells configurations received are “complete” configuration or a “delta” of the LTM reference configuration.
Proposal 4	RAN2 to study solutions on how to make the UE aware that LTM candidate cells configurations received are “complete” configuration or a “delta” of the LTM reference configuration.
Proposal 5	In order to reduce latency and connection interruption upon the LTM cell switch, the UE performs the ASN.1 decoding and compliance check of reference configuration and the LTM candidate cells configurations when these are received.
Proposal 6	Reconfiguration with sync (IE and procedure) is not used in LTM.
Proposal 7	The PDCP recovery is indicated to the UE via a dedicated flag within the LTM configuration. FFS whether a separate flag is needed for MAC and RLC.
Proposal 8	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 9	RAN2 to discuss how the RLM and RLF are performed when the UE is configured with LTM candidate cell configurations and 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 and 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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