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In last meeting, we discussed RRC modelling for candidate cells. Three options were left on the table.
	Current options on the table: to configure a L1/L2 inter-cell mobility candidate cell:
a.	One RRCReconfiguration message for candidate target cell
[bookmark: _Hlk113010984]b.	One CellGroupConfig IE for each candidate target cell
c.	One SpCellConfig IE for each candidate target cell


Then in a related post-meeting email discussion, we have the following summary [1]:
	Proposal 1	A L1/L2 inter-cell mobility target configuration is received within an RRC message before the L1/L2 mobility is triggered.
Proposal 2	RAN2 has the following understanding about the RRC models considered to mode a L1/L2 inter-cell mobility target configuration:
	Model
	Pros
	Cons

	Model 1 
(i.e., Option a)
	· Full flexibility
· Support of all targeted scenarios
· Similarities with existing CHO framework

	· Since only intra-DU scenario is considered, there may be no need to provide all configurations and field within the RRCReconfiguration message.
· Existing RRC procedures may heavily impacted (specification efforts may not be minimal).
· Delta signalling may be needed (and needs to be discussed how to achieve it).
· Potentially longer latency due to the execution of some RRC procedures (e.g., radio bearers, security, L1/L2 processing).

	Model 2 
(i.e., Option b)
	· Support for all targeted scenarios
· Smaller signalling overhead compared e.g., to model 1.
· Potentially reduced interruption time due to less time spent by the UE to execute non-necessary RRC procedures.

	· How to perform L2 reset needs to be clarified
· A new procedure for L1/L2 mobility may be needed (but some companies do not consider this necessarily a con).
· One CellGroupConfig for each L1/L2 mobility target configuration
· Configuration outside the CellGroupConfig may require a subsequent RRCReconfiguration message after the switch has happened.

	Model 3
(i.e., Option c)
	· The smallest signalling overhead compared to the other models
	· Target scenarios not fully supported (i.e., no support for the inter-DU case).
· How to perform L2 reset needs to be clarified
· Little flexibility compared to the other models


Proposal 3	A model in which one L1/L2 mobile target configuration is one SpCellConfig (or one SCellConfig) is not considered.
Proposal 4	RAN2 to continue the discussion on the RRC models by focusing only on Model 1 and Model 2 and possible stage-3 details of these models.
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
Each candidate target configuration is one configuration set include SpCell and (optionally) SCell(s).
Proposal 5	Whether to adopt a new terminology instead of “L1/L2-centric inter-cell mobility” should be discussed based on the WI progresses and company inputs.


According to the summary, Model 3 can be precluded. In this contribution, we discuss the choice between Model 1 and Model 2 for RRC modelling of candidates in L1/L2-based inter-cell mobility.
Discussion
RRC modelling options
Model 1: One RRCReconfiguration message for candidate target cell
Our interpretation of this model are as follows.
· A CHO-like model, where UE applies indicated candidate RRC configurations upon L1/L2 mobility
· Everything can be reconfigured. But we may not need such flexibility for L1/L2-based mobility since we consider only intra-CU operation. Companies showed concern 
· Likely to be delta-config, limiting back-and-forth cell switch
By imitating the RRC structure for conditional reconfigurations, an ASN.1 example (modified from [1]) is provided below.
RRCReconfiguration-IEs ::=              SEQUENCE {
    radioBearerConfig                       RadioBearerConfig                                                      OPTIONAL, -- Need M
    masterCellGroup                         OCTET STRING (CONTAINING CellGroupConfig)                              OPTIONAL, -- Cond SCG
    measConfig                              MeasConfig                                                             OPTIONAL, -- Need M
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    RRCReconfiguration-v1530-Ies                                           OPTIONAL
}

RRCReconfiguration-vXXXX-Ies ::=        SEQUENCE {
    candL1L2-Reconfiguration-r18            CandL1L2-Reconfiguration                                               OPTIONAL,
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    RRCReconfiguration-v1530-Ies                                           OPTIONAL
}


CandL1L2-Reconfiguration-r18 ::=   SEQUENCE {
    candL1L2-ReconfigToRemoveList-r18         CandL1L2-ReconfigToRemoveList-r18   OPTIONAL,   -- Need N
    candL1L2-ReconfigToAddModList-r18         CandL1L2-ReconfigToAddModList-r18   OPTIONAL,   -- Need N
    …
}

CandL1L2-ToAddModList-r18 ::= SEQUENCE (SIZE (1.. maxNrofL1L2Candidates-r18)) OF CandL1L2-ToAddMod-r18

CandL1L2-ToAddMod-r18 ::=     SEQUENCE {
    candL1L2-ReconfigId-r18                CandL1L2-RRCConfigId-r18,
    candL1L2-RRCReconfig-r18       	OCTET STRING (CONTAINING RRCReconfiguration)          OPTIONAL,
}

Figure 1. Example of configuring a L1/L2 inter-cell mobility candidate target configuration with an RRCReconfiguration message
Similarly, the RRC procedure can be similar to that for CHO.
	[bookmark: _Toc60776795][bookmark: _Toc100929597]5.3.5.x.a	L1/L2-mobility candidate reconfiguration removal
The UE shall:
1>	for each candL1L2-ReconfigId value included in the candL1L2-ReconfigToRemoveList that is part of the current UE candidate configuration in VarCandL1L2-Reconfig:
2>	remove the entry with the matching candL1L2-ReconfigId from the VarCandL1L2-Reconfig;
[bookmark: _Toc60776796][bookmark: _Toc100929598]5.3.5.x.b	L1/L2-mobility candidate reconfiguration addition/modification
For each candL1L2-ReconfigId received in the candL1L2-ReconfigToAddModList IE the UE shall:
1>	if an entry with the matching candL1L2-ReconfigId exists in the candL1L2-ReconfigToAddModList within the VarCandL1L2-Reconfig:
2>	replace candL1L2-Reconfig within the VarCandL1L2-Reconfig with the value received for this candL1L2-ReconfigId;
1>	else:
2>	add a new entry for this candL1L2-ReconfigId within the VarCandL1L2-Reconfig;
[bookmark: _Toc100929601]5.3.5.x.c	L1/L2-mobility candidate reconfiguration execution
The UE shall:
1>	for the indicated cell of L1/L2-mobility execution:
2>	apply the stored candL1L2-RRCReconfig of the selected cell and perform the actions as specified in 5.3.5.3;
1>	remove all the entries within VarCandL1L2-Reconfig, if any.
…



If we need to allowing back-and-forth switching between candidate configurations, the candidates should not be removed after L1/L2-mobility execution to another candidate. Instead, the content of candidate configurations needs to be adjusted so that delta configurations are on top of current RRC configurations.
	[bookmark: _Hlk115098715]5.3.5.x.c	L1/L2-mobility candidate reconfiguration execution
The UE shall:
1>	for the indicated cell of L1/L2-mobility execution:
2>	apply the stored candL1L2-RRCReconfig of the selected cell and perform the actions as specified in 5.3.5.3;
1>	adjust all the entries within VarCandL1L2-Reconfig, if any, so that the delta configurations are on top of current RRC configurations [Details FFS].
…



The details of such “adjustment” requires further discussion. But at least we need to be aware that even if candidates for L1/L2-mobility are modeled as RRCReconfiguration like that in CHO, the procedures of CHO execution cannot be reused directly.
Observation 1:	Even if candidates for L1/L2-mobility are modeled as RRCReconfiguration like that in CHO, the procedures of CHO execution cannot be reused directly.
Model 2: One CellGroupConfig IE for each candidate
Our interpretation of this model are as follows.
· UE stores multiple CG configurations and “activates” the indicated ones upon L1/L2 mobility, while keeping other CG configurations inactive.
· There is one and only one SpCell in each CG configuration
· PHY can be reconfigured
· RLC and MAC can be reconfigured, thus supporting inter-DU operation
· Configurations outside CG config (e.g., radio bearer config, measurement config) remain the same after L1/L2 mobility. Target cell may further reconfigure these parts after cell switch.
An ASN.1 example similar to Model 1 is provided below.
RRCReconfiguration-IEs ::=              SEQUENCE {
    radioBearerConfig                       RadioBearerConfig                                                      OPTIONAL, -- Need M
    masterCellGroup                         OCTET STRING (CONTAINING CellGroupConfig)                              OPTIONAL, -- Cond SCG
    measConfig                              MeasConfig                                                             OPTIONAL, -- Need M
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    RRCReconfiguration-v1530-Ies                                           OPTIONAL
}

RRCReconfiguration-vXXXX-Ies ::=              SEQUENCE {
    candL1L2-Reconfiguration-r18              CandL1L2-Reconfiguration                                                 OPTIONAL,
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    RRCReconfiguration-v1530-Ies                                           OPTIONAL
}


CandL1L2-Reconfiguration-r18 ::=   SEQUENCE {
    candL1L2-ReconfigToRemoveList-r18         CandL1L2-ReconfigToRemoveList-r18   OPTIONAL,   -- Need N
    candL1L2-ReconfigToAddModList-r18         CandL1L2-ReconfigToAddModList-r18   OPTIONAL,   -- Need N
    …
}

CandL1L2-ToAddModList-r18 ::= SEQUENCE (SIZE (1.. maxNrofL1L2Candidates-r18)) OF CandL1L2-ToAddMod-r18

CandL1L2-ToAddMod-r18 ::=     SEQUENCE {
    candL1L2-ReconfigId-r18                CandL1L2-RRCConfigId-r18,
    candL1L2-CellGroupConfig-r18       	OCTET STRING (CONTAINING CellGroupConfig)          OPTIONAL,
}

Figure 2. Example of configuring a L1/L2 inter-cell mobility candidate configuration with a list of CellGroupConfig IEs
With the above ASN.1 structure, RRC procedures like that for Model 1 can be considered.
Alternatively, if the candidates are modelled at cell group level, UE may simple maintain several (e.g., 2) MCG/ SCG configurations provided by network, and apply the one indicated by L1/L2 signalling.
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Figure 3.	RRC modelling for candidate cells in L1/L2-based inter-cell mobility

Considering MCG part, an example ASN.1 is provided below.
RRCReconfiguration-Ies ::=              SEQUENCE {
    radioBearerConfig                       RadioBearerConfig                                                      OPTIONAL, -- Need M
    masterCellGroup                      OCTET STRING (CONTAINING CellGroupConfig)                              OPTIONAL, -- Cond SCG
    measConfig                              MeasConfig                                                             OPTIONAL, -- Need M
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    RRCReconfiguration-v1530-Ies                                           OPTIONAL
}

RRCReconfiguration-vXXXX-Ies ::=              SEQUENCE {
    masterCellGroup2                      	OCTET STRING (CONTAINING CellGroupConfig)                              OPTIONAL,
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    RRCReconfiguration-v1530-Ies                                           OPTIONAL
}

Figure 4. Example of configuring a L1/L2 inter-cell mobility candidate as an additional CellGroupConfig IE
The corresponding RRC procedure for L1/L2-mobility execution is as follows.
	5.3.5.x.y	L1/L2-mobility execution
The UE shall:
1>	for the selected cell group of L1/L2-mobility execution:
2>	apply the corresponding CellGroupConfig
…



The RRCReconfiguration model allows full flexibility (i.e., everything can be reconfigured) like in CHO. However, L1/L2-based inter-cell mobility considers only intra-DU and inter-DU-intra-CU scenarios. This means that configurations above RLC layer should not change. If we adopt the RRCReconfiguration option, we may need to specify which parts of the RRC configuration should not be included or must be ignored by UE when the configuration is for a candidate cell.
Based on above analysis, we suggest that candidates of L1/L2-based inter-cell mobility be modelled at cell-group level. 
Proposal 1:	Candidates of L1/L2-based inter-cell mobility are modelled at cell-group level.
The RRC details need to be further discussed during the WI. However, confirming the principles of RRC modelling at early-stage helps the progress in RAN2 and other WGs.
L2/3 handling
If Model 2 is adopted, we need to discuss how indications outside CellGroupConfig is sent to UE. The indications include PDCP recovery (recoverPDCP) and RLC reestablishment (reestablishRLC). One simple solution is to include such indications in the L1/L2-based cell switch command (e.g., one bit in MAC CE for each).
Proposal 2: PDCP recovery and RLC reestablishment can be indicated in the L1/L2-based cell switch command.
Another issue is MAC reset, which is always performed in legacy handover procedures. In L1/L2-mobility, MAC should be reset for inter-DU case, but may be partially or not reset for intra0-DU case. Some discussion in RAN2 is needed.
Proposal 3: RAN2 discusses the need of MAC reset in L1/L2-based inter-cell mobility.
Signalling optimizations for candidate configurations
When candidates are pre-configured, UE receives and stores multiple configurations. In CHO, to reduce signalling overhead, these configurations are usually delta configurations on top of current RRC configurations. When one CHO candidate is chosen, its configurations are applied, and other candidates are released because they are no longer applicable after the reconfiguration.
With L1/L2-based inter-cell mobility, the considered scenario could be different. Compared to normally “slow” cell change in legacy RRC-based handover, we now expect that a UE switches between beams in an area and the beams may belong to different cells. As a result, the CHO scheme may be impractical.
In the last meeting, we have the following note.
	RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.


To reduce signalling overhead while keeping other cells valid, we study signalling optimization considering that candidate cells and CGs usually share many common configurations. For example, the network may configure a “common CG config”, and the candidate configurations are applied on top of this common configuration, instead of the UE’s current CG configurations. In an extreme case where the configurations of serving and target cells are almost the same, the candidate configuration may include only the SpCell ID. The concept is illustrated below.
[image: ]
Figure 5.	Candidate CellGroupConfig with based configurations 
An ASN.1 example is provided below.
RRCReconfiguration-IEs ::=              SEQUENCE {
    radioBearerConfig                       RadioBearerConfig                                                      OPTIONAL, -- Need M
    masterCellGroup                         OCTET STRING (CONTAINING CellGroupConfig)                              OPTIONAL, -- Cond SCG
	masterCellGroupBase-r18                 OCTET STRING (CONTAINING CellGroupConfig)                              OPTIONAL,
    measConfig                              MeasConfig                                                             OPTIONAL, -- Need M
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    RRCReconfiguration-v1530-Ies                                           OPTIONAL
}

RRCReconfiguration-vXXXX-Ies ::=              SEQUENCE {
    candL1L2-Reconfiguration-r18              CandL1L2-Reconfiguration                                                 OPTIONAL,
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    RRCReconfiguration-v1530-Ies                                           OPTIONAL
}


CandL1L2-Reconfiguration-r18 ::=   SEQUENCE {
    candL1L2-ReconfigToRemoveList-r18         CandL1L2-ReconfigToRemoveList-r18   OPTIONAL,   -- Need N
    candL1L2-ReconfigToAddModList-r18         CandL1L2-ReconfigToAddModList-r18   OPTIONAL,   -- Need N
    …
}

CandL1L2-ToAddModList-r18 ::= SEQUENCE (SIZE (1.. maxNrofL1L2Candidates-r18)) OF CandL1L2-ToAddMod-r18

CandL1L2-ToAddMod-r18 ::=     SEQUENCE {
    candL1L2-ReconfigId-r18                CandL1L2-RRCConfigId-r18,
    candL1L2-CellGroupConfig-r18       	OCTET STRING (CONTAINING CellGroupConfig)          OPTIONAL,
}

Figure 6. Example of candidate CellGroupConfig with based configurations

Such an optimized signalling structure not only reduces signalling overhead, but also allows easier UE operations. For example, in L1/L2-mobility, UE needs to perform L1 measurements for candidate cells. If the corresponding RSs are configured in different lists, UE needs to go through all lists in different candidate configurations. In contrast, if the RSs of serving and candidate cells are all included in such “base” configuration, UE will be able to perform measurements for all of them easily.
[bookmark: _Hlk110588814]Proposal 4: Study signalling optimizations considering that candidate cells and CGs usually share many common configurations.
Conclusion
We have the following observations:

It is proposed to discuss and decide on the following proposals:
Proposal 1: Candidates of L1/L2-based inter-cell mobility are modelled at cell-group level.
Proposal 2: PDCP recovery and RLC reestablishment can be indicated in the L1/L2-based cell switch command.
Proposal 3: RAN2 discusses the need of MAC reset in L1/L2-based inter-cell mobility.
Proposal 4: Study signalling optimizations considering that candidate cells and CGs usually share many common configurations.

Reference
[1] R2-2210329, [Post119-e][048][feMob] Candidate target configurations for L1/L2 mobility, Ericsson, Oct 2022
[2] RP-222332, Revised WID on Further NR mobility enhancements
7

image1.png
RRC Config

radio bearer config, measurement config, ...

-

MCG Config SCG Config
MAC config MAC config
RLC bearer config RLC bearer config
SpCell SpCell
Scell #1 Scell #1
Scell #2 Scell #2
MCG Config P SCG Config

_______________________________

_______________________________





image2.png
RRC Config

radio bearer config, measurement config, ...
Base MCG Config Common SCG Config
MAC config MAC config
RLC bearer config RLC bearer config
SpCell SpCell
Scell #1 Scell #1
Scell #2 Scell #2

_______________________________

! Cand.MCGConfigl |
i SpCell ID :

_______________________________

i Cand.MCGConfig2 |
| SpCell ID §

_______________________________

_______________________________

| Cand.SCGConfigl !
i SpCell ID :

_______________________________





