Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 #119-e	R2-2208199
Electronic meeting, 17 – 29 August 2022

Agenda Item:	8.4.2.2
Source:	Ericsson
Title:	Configuration of candidate target cells for L1/L2 based inter-cell mobility
Document for:	Discussion, Decision

1	Introduction

The objective 1 in WID [1] for Further NR Mobility Enhancements is formulated as follows:
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· [bookmark: _Hlk107552380]Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized





This contribution discusses the configuration and maintenance of candidate target cells (first bullet of objective 1 above).
[bookmark: _Ref178064866]2	Discussion 
In L1/L2 inter-cell mobility, the UE is first configured with candidate target cells for L1/L2 mobility, then during execution of the L1/L2 mobility serving cell change, the UE switches to the candidate target cell configuration corresponding to the indicated target cell. According to this, it is worth clarifying that the configuration for the candidate target cell indicated in the lower layer command from the network is a configuration received previously within an RRC message. This candidate target cell configuration is an RRC configuration that is needed by the UE to operate in the target cell. 
[bookmark: _Toc110950357][bookmark: _Toc110980570]A candidate target cell configuration for L1/L2 mobility is a configuration received in a RRC message to be used by the UE after having switched, using L1/L2 mobility, to the target candidate cell.
The existing conditional reconfiguration framework (used by Conditional Handover, conditional PSCell Change and Conditional PSCell Addition) in RRC enables full flexibility from a configuration point of view as it may use a full RRCReconfiguration message that is applied upon execution. However, since in L1/L2 inter-cell mobility the configuration, and most importantly, the execution should happen in a much faster way, it is important to have a configuration for the UE that is lean, easy to apply (and stored), and easy to switch too.
There are different models that can be used to configure a candidate target cell configuration at the UE. All of them have pros and cons, but what one needs to focus on is that during L1/L2 mobility serving cell change, typically only a subset of the RRC configuration in the UE needs may be changed. According to this, the following models can be initially considered:

One RRCReconfiguration message for each candidate target cell
The is the solution that provides the full flexibility in the configuration of a candidate target cell (similar to a L3 handover). In this case the UE receives multiple (a list of) RRC messages (i.e., RRCReconfiguration messages) within a single RRCReconfiguration message. Each RRCReconfiguration message identifies a configuration of a L1/L2 inter-cell mobility candidate cell that needs to be stored by the UE and is applied/used/activated when receiving the lower layer signaling for L1/L2 inter-cell mobility by the network. 

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 {
    candidates-L1L2-Config-r18              Candidates-L1L2-Config                                                 OPTIONAL,
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    RRCReconfiguration-v1530-Ies                                           OPTIONAL
}


Candidates-L1L2-Config-r18 ::=   SEQUENCE {
    candidates-L1L2-ToRemoveList-r16         Candidates-L1L2-ToRemoveList-r18   OPTIONAL,   -- Need N
    candidates-L1L2-ToAddModList-r16         Candidates-L1L2-ToAddModList-r18   OPTIONAL,   -- Need N
    …
}

Candidates-L1L2-ToAddModList-r18 ::= SEQUENCE (SIZE (1.. maxNrofL1L2Cells-r18)) OF Candidates-L1L2-ToAddMod-r18

candidates-L1L2-ToAddMod-r18 ::=     SEQUENCE {
    candidates-L1L2-Id-r18                Candidates-L1L2Id-r18,
    candidates-L1L2-CellsConfig-r18       OCTET STRING (CONTAINING RRCReconfiguration)          OPTIONAL,
}

Figure 1. Example of configuring a L1/L2 inter-cell mobility candidate cell with an RRCReconfiguration message 

Even if this solution allows for full flexibility, one may question whether this full flexibility is needed as only few configurations and/or parameter may change when performing L1/L2 inter-cell mobility. Further, the fact that the UE needs to process and store multiple RRCReconfiguration messages may result in long latency unless restrictions on what can be reconfigured and stricter latency requirements in the RRC processing of the message(s) are applied.

One CellGroupConfig IE for each candidate target cell
If this model is adopted, the UE receives within an RRCReconfiguration message a list of CellGroupConfig IEs and each one of them identify a configuration of a L1/L2 inter-cell mobility candidate cell. In this case, each CellGroupConfig IE is stored at the UE in the moment is received and is applied/used/activated when receiving the lower layer signaling for L1/L2 inter-cell mobility by the network. 

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 {
    candidates-L1L2-Config-r18              Candidates-L1L2-Config                                                 OPTIONAL,
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    RRCReconfiguration-v1530-Ies                                           OPTIONAL
}

Candidates-L1L2-Config-r18 ::=   SEQUENCE {
    candidates-L1L2-ToRemoveList-r16         Candidates-L1L2-ToRemoveList-r16   OPTIONAL,   -- Need N
    candidates-L1L2-ToAddModList-r16         Candidates-L1L2-ToAddModList-r16   OPTIONAL,   -- Need N
    …
}

Candidates-L1L2-ToAddModList-r18 ::= SEQUENCE (SIZE (1.. maxNrofL1L2Cells-r18)) OF Candidates-L1L2-ToAddMod-r18

candidates-L1L2-ToAddMod-r18 ::=     SEQUENCE {
    candidates-L1L2-Id-r18                Candidates-L1L2Id-r18,
    candidates-L1L2-CellsConfig-r18       OCTET STRING (CONTAINING CellGroupConfig)          OPTIONAL,
}

Figure 2. Example of configuring a L1/L2 inter-cell mobility candidate cell with a list of CellGroupConfig IEs

This model allows the target node to modify/release/keep any parameter/field that is part of a CellGroupConfig IE while the rest of the RRCReconfiguration message (that is where the CellGroupConfig IE is received by the UE) remain unchanged. This means that e.g., measurement configuration, bearers, and security remain the same and are not changed when performing the switch from a L1/L2 inter-cell mobility serving cell to a target cell.
The benefits that this model brings are that the configuration received by the UE is that works both in case of DC and CA and can be equally used in case of intra-DU and inter-DU scenarios. Most importantly, the configuration received by the UE is quite lean and thus its processing and application should be much faster than in case of receiving the whole RRCReconfiguration message.

One SpCellConfig IE for each candidate target cell 
With this model, the UE receives a list of SpCellConfig IEs one for each L1/L2 inter-cell mobility candidate cell. In this case, each SpCellConfig IE is stored at the UE in the moment is received and is applied/used/activated when receiving the lower layer signaling for L1/L2 inter-cell mobility by the network.

CellGroupConfig ::=                        SEQUENCE {
    cellGroupId                                CellGroupId,
    rlc-BearerToAddModList                     SEQUENCE (SIZE(1..maxLC-ID)) OF RLC-BearerConfig                        OPTIONAL,   -- Need N
    rlc-BearerToReleaseList                    SEQUENCE (SIZE(1..maxLC-ID)) OF LogicalChannelIdentity                  OPTIONAL,   -- Need N
    mac-CellGroupConfig                        MAC-CellGroupConfig                                                     OPTIONAL,   -- Need M
    physicalCellGroupConfig                    PhysicalCellGroupConfig                                                 OPTIONAL,   -- Need M
    spCellConfig                               SpCellConfig                                                            OPTIONAL,   -- Need M
    sCellToAddModList                          SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellConfig                       OPTIONAL,   -- Need N
    sCellToReleaseList                         SEQUENCE (SIZE (1..maxNrofSCells)) OF SCellIndex                        OPTIONAL,   -- Need N
    ...,
    [[
    candidate-L1L2-Config                      Candidates-L1L2-Config                                                  OPTIONAL,   
}

Candidates-L1L2-Config-r18 ::=   SEQUENCE {
    candidates-L1L2-ToRemoveList-r18         Candidates-L1L2-ToRemoveList-r18   OPTIONAL,   -- Need N
    candidates-L1L2-ToAddModList-r18         SEQUENCE (SIZE (1..maxNrof-L1L2-Cells)) OF SCellConfig                       OPTIONAL,   -- Need N    
}
Figure 3. Example of configuring a L1/L2 inter-cell mobility candidate cell with a list of SpCellConfig IEs

This model allows for less flexibility compared to the models based on the RRCReconfiguration message and the CellGroupConfig IEs but the configuration received by the UE is even more lean. Nevertheless, while this model it may work fine for configuring the P(S)Cell, in case of CA if also Scell(s) need to be configured also a list of ScellConfig IEs needs to be provided. Here the tricky part is that one SpCellConfig may be associate with one of multiple ScellConfig IEs and thus also a mapping between candidate P(S)Cell and Scell(s) needs to be provided. 
A further drawback is that his model implies that the ServingCellConfigCommon IE does not change when switching from a L1/L2 inter-cell mobility serving cell to a target cell and this may be difficult to achieve in case of inter-DU scenarios.

One AdditionalPCI for each candidate target cell 
This is the model that provides less flexibility of all the models mentioned so far. This is a feature that has been specified in Rel-17 for the inter-cell beam management feature and implies that the UE is only provided with a list of PCI where each PCI identifies one L1/L2 inter-cell mobility candidate cell. A further drawback of this model is that it is not really feasible for the inter-DU case as it requires coordination between the CU and the multiple DUs since the candidate DU(s) may need to be aware about what current configuration from the serving DU the UE is using.
According to the analysis provided in this section, it is clear that each model has pros and cons. On the other side, the model that is chosen by RAN2 to configure the L1/L2 inter-cell mobility candidate cell is particular important since it may have impact different part or part of the procedure of the whole L1/L2 inter-cell mobility procedure.
According to this, it would good if RAN2 will analyse more in details each model and take a final decision only after each pros and cons are identified and then evaluated. In doing this analysis, it would be good if the following aspect are kept in mind by RAN2 when analysing, and then selection, the suitable RRC model:
· The impact on latency (assuming the UE switches to a new configuration during serving cell change), the lower latency and interruption time, the better.
· Support for the scenarios included in the WID and therefore considered as mandatory, including CA, NR-DC, inter-DU, intra-DU, inter-frequency, intra-frequency.
· Degree of configuration flexibility. Ideally it would be good to have a model that guarantee a good level of flexibility without impacting too much on the size of the configuration and the latency to process it. 
Given this, the following proposals are formulated:
[bookmark: _Toc110950358][bookmark: _Toc110980571]RAN2 to study the following models in order to configure a L1/L2 inter-cell mobility candidate cell:
a. [bookmark: _Toc110950359][bookmark: _Toc110980572]One RRCReconfiguration message for each candidate target cell
b. [bookmark: _Toc110950360][bookmark: _Toc110980573]One CellGroupConfig IE for each candidate target cell
c. [bookmark: _Toc110950361][bookmark: _Toc110980574]One SpCellConfig IE for each candidate target cell
d. [bookmark: _Toc110950362][bookmark: _Toc110980575]One “AdditionalPCI” for each candidate target cell

[bookmark: _Toc110950363][bookmark: _Toc110980576]RAN2 to consider the following principles when studying the models for configuring a L1/L2 inter-cell mobility candidate cell:
e. [bookmark: _Toc110950364][bookmark: _Toc110980577]Impact on latency (when processing and switching to the new configuration)
f. [bookmark: _Toc110950365][bookmark: _Toc110980578]Support of the scenarios mentioned in the WID (i.e., CA, NR-DC, inter-DU, intra-DU, inter-frequency, intra-frequency)
g. [bookmark: _Toc110950366][bookmark: _Toc110980579]Degree on configuration flexibility vs signalling overhead

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	A candidate target cell configuration for L1/L2 mobility is a configuration received in a RRC message to be used by the UE after having switched, using L1/L2 mobility, to the target candidate cell.
Proposal 2	RAN2 to study the following models in order to configure a L1/L2 inter-cell mobility candidate cell:
a.	One RRCReconfiguration message for each candidate target cell
b.	One CellGroupConfig IE for each candidate target cell
c.	One SpCellConfig IE for each candidate target cell
d.	One “AdditionalPCI” for each candidate target cell
Proposal 3	RAN2 to consider the following principles when studying the models for configuring a L1/L2 inter-cell mobility candidate cell:
a.	Impact on latency (when processing and switching to the new configuration)
b.	Support of the scenarios mentioned in the WID (i.e., CA, NR-DC, inter-DU, intra-DU, inter-frequency, intra-frequency)
c.	Degree on configuration flexibility vs signalling overhead

[bookmark: _In-sequence_SDU_delivery]References
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