Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 #119bis-e	R2-2210308
Electronic meeting, 2022-10-10 - 2022-10-19

Agenda Item:	8.4.3
Source:	Ericsson
Title:	NR-DC with selective activation
Document for:	Discussion, Decision

1	Introduction
The Rel-18 work on further NR mobility enhancements is described in the WID in [1]. It includes, among others, an objective related to enhancements for PSCell mobility in case of NR-DC configurations (objective 2):
2. To specify mechanism and procedures of NR-DC with selective activation of the cell groups (at least for SCG) via L3 enhancements:
· To allow subsequent cell group change after changing CG without reconfiguration and re-initiation of CPC/CPA [RAN2, RAN3, RAN4]
Note 4: A harmonized RRC modelling approach for objectives 1 and 2 could be considered to minimize the workload in RAN2.

The WID in [1] also includes the following justification related to the above objective:
In Rel-17 Conditional PSCell change (CPC)/Conditional PSCell addition (CPA), a CPC/CPA-configured UE has to release the CPC/CPA configurations when completing random access towards the target PSCell. Hence the UE doesn’t have a chance to perform subsequent CPC/CPA without prior CPC/CPA reconfiguration and re-initialization from the network. This will increase the delay for the cell change and increase the signaling overhead, especially in the case of frequent SCG changes when operating FR2. Therefore, MR-DC with selective activation of cell groups aims at enabling subsequent CPC/CPA after SCG change, without reconfiguration and re-initialization on the CPC/CPA preparation from the network. This results in a reduction of the signalling overhead and interrupting time for SCG change.

There were some discussions at the RAN2#119-e meeting with the following agreements reached for objective 2:
[bookmark: _Hlk114493814]The selective activation of cell groups should correspond to support of subsequent conditional changes (CPC) after a cell group change (normal or conditional). CPA FFS. 
Initial focus on SCG
There is interest to support delta configuration, to reduce the signalling overhead (FFS if some other objective should be achieved)
FFS how many subsequent conditional changes are targeted (and what is the impact of such assumption). 

FFS whether there is a security issue: e.g. to determine vertical or horizontal key derivation, e.g. security parameters re-used as part of subsequent CG switch (for the case when UE goes back to a previous cell, maybe in another SN), and FFS on the procedure/method with which the UE derives the SN security, e.g. based on a prior MN config (without RRC CPC config at the time of SN switch).

There were also discussions at RAN3#117-e, with the following agreements and working assumptions:
· RAN3 considers SCG selective activation is prioritized in the Rel-18 work. It can be revisited based on RAN2 progress.
· WA: RAN3 considers the Inter-CU and Intra-CU cases with equal priority, and studies both the F1 and Xn signaling aspects. It can be revisited based on RAN2 progress.
· From RAN3 point of view, Rel-16/Rel-17 CPAC procedures are considered as start point for the Rel-18 work.
· The following scenarios are depending on RAN2 progress.
· SCG failure handling enhancements to enable PSCell addition and PSCell change after SCG failure.
· Signaling support for inclusion of CPC configuration within a CPC or CPA configuration, in case CPC/CPA configuration is supported within CHO configuration.
· WA: A primary focus of the objective is to enable subsequent cell changes by keeping conditional reconfigurations after a cell change. RAN3 to pursue study of the Xn/F1 signaling changes required to support this objective.

In this contribution we discuss different aspects and open issues for objective 2 in the WID on Rel-18 work on further NR mobility enhancements (in [1]). We also discuss some aspects related to objective 4.

[bookmark: _Ref178064866]2	Discussion
2.1	Targeted use cases for NR-DC with selective activation of cell groups
One question from the discussions on NR-DC with selective activation was what kind of use case that is targeted, in the sense of how many subsequent conditional changes that should be supported (without reconfiguration and re-initiation of CPC/CPA), and what the impact of such assumption would be:
FFS how many subsequent conditional changes are targeted (and what is the impact of such assumption). 

There is currently a limitation of how many conditional reconfigurations the UE may be configured with, where the maximum number is eight. This already is a restriction and the need for specifying how many subsequential conditional reconfigurations that are targeted seems unclear. It could be up to network implementation how the conditional reconfigurations are distributed. There is e.g. the case that the UE should be able to move between different candidate target PSCells, including back to a cell where it was previously located, and such case will not be covered if the number of subsequent conditional reconfigurations is e.g. limited to one. There may then however also be cases where the UE path is quite clear to the network, e.g. along a highway or a railway and where it may be more beneficial to have one conditional reconfigurations within another conditional reconfiguration.
[bookmark: _Toc115426212]There should be no specified limit for number of subsequent conditional changes that are supported.

Two main alternatives can then be identified to achieve that a subsequent CPC execution procedure can be performed after a first CPC execution procedure (without reconfiguration of CPC in between):
· The first CPC configuration includes one or more other CPC configuration (“CPC within CPC”), so that the UE thus is configured with CPC after applying the first CPC configuration
· The UE is configured with multiple CPC configurations (more than one) and keeps the CPC configurations when it executes one of them. The UE can then later execute one of the other CPC configurations, and after that one of the other, and so on…

RAN3 reached the following working assumption regarding the solution for NR-DC with selective activation:
· WA: A primary focus of the objective is to enable subsequent cell changes by keeping conditional reconfigurations after a cell change. RAN3 to pursue study of the Xn/F1 signaling changes required to support this objective.

The RAN3 working assumption is thus to achieve the subsequent CPC procedures by keeping, i.e. not releasing, CPC configurations at cell group changes. This is also the mechanism that allows for multiple PSCell changes without reconfiguration. The UE should then also be able to keep a CPC configuration that has been executed. If instead including CPC configurations within a first CPC configuration there would implicitly be a limit in number of subsequent steps that are possible.
[bookmark: _Toc115426213]It should be possible for the UE to keep, i.e. not release, CPC configurations after cell group changes (normal or conditional) in order to support subsequent Conditional PSCell Changes.

2.2	Use cases for Conditional PSCell Addition
The following agreement was reached at the RAN2#119 meeting, i.e. that subsequent CPC procedures are to be supported after a cell group change, where the subsequent CPC procedures then should be possible without reconfiguration and re-initiation of CPC/CPA. It was however left FFS whether the same should apply for CPA.
The selective activation of cell groups should correspond to support of subsequent conditional changes (CPC) after a cell group change (normal or conditional). CPA FFS. 

The use case for storing a CPA configuration at cell group changes would correspond to that the cell group change is for the MCG, since a CPA configuration is not relevant when the UE has an SCG configured. Since the work in Rel-18 is targeting cases of frequent SCG changes when operating FR2, we do not see the need for keeping CPA configurations in Rel-18.
[bookmark: _Toc115426214]Keeping CPA configurations at cell group changes is not prioritized in Rel-18.

2.3	Keeping CPC configurations at cell changes
2.3.1	Configuration to keep CPC configurations at cell changes
In Rel-17, the conditional configurations (CHO, CPC and CPA) are released at execution of another conditional configuration (or legacy cell change procedure). By introducing the possibility to keep CPC configurations in Rel-18, it then needs to be clear between the UE and the network how stored CPC configurations are to be handled at cell group changes, i.e. if they are to be stored or released. It should then also be considered that as the UE is moving into new cells/areas, the CPC configurations for the UE may need to be updated. There is therefore a need for some kind of indication whether a CPC configuration is to be kept or released at a cell change procedure.
The following alternatives can be identified:
· The network indicates to the UE after the successful cell group change procedure which of the CPC configurations to keep and which to release.
· The UE is, before the cell group change, provided with a configuration about which CPC configurations to keep. Such indication could e.g. be included as part of the configuration that triggered the cell group change procedure, or as part of the CPC configuration that is to be kept or released.

The alternative to let the network (the target node) indicate to the UE after the cell group change procedure which CPC configurations to keep and which to release would mean that there is a need for some kind of signaling after each cell group change. This signaling can probably be kept small compared to retransmitting the whole CPC configurations, but it would still not be possible to perform subsequent PSCell changes without any reconfiguration.
To let the UE determine whether to keep or release a CPC configuration based on previous configuration does not however require any signalling after each cell change procedure. It thus enables subsequent conditional PSCell changes without any reconfiguration. We therefore have a slight preference for this alternative, i.e. that the UE should keep/make use of a stored CPC configuration based on a configuration that is received before the execution of the cell group change. Since it should be the target node that decides what CPC configurations that the UE should have after the cell group change, a corresponding indication should therefore preferably be included in the configuration from that target node, e.g. the CPC configuration or normal PSCell change configuration that triggered the cell group change.
[bookmark: _Toc115426215]The UE should keep (i.e. not release) a stored CPC configuration after cell group change in a manner where subsequent signaling after the cell group change is not needed. 
[bookmark: _Toc115426216]The UE should keep (i.e. not release) a stored CPC configuration after cell group change based on information from the target node of the cell group change procedure, e.g. in the CPC configuration or PSCell change configuration that triggered the cell group change.

The serving SN always needs to be aware about the SN initiated CPC configurations that the UE has stored so that the configurations are consistent. For a target SN of an inter-SN cell group change, where the UE stores CPC configurations that it has received earlier, there is therefore a need to get the information about all SN initiated CPC configurations that the UE has stored. In case of an inter-SN PSCell change the MN should therefore inform the target SN about the SN initiated Conditional PSCell Change configurations that the UE has stored.
[bookmark: _Toc115426208]In case of a PSCell change the target SN needs to have the information about the SN initiated CPC configurations that the UE has stored.
[bookmark: _Toc115426217]In case of an inter-SN PSCell change the MN should inform the target SN about the SN initiated CPC configurations that the UE has stored.

2.3.2	Supported types of CPC configurations
There are three different types of CPC configurations that have been specified in Rel-16 and Rel-17:
· Rel-16 intra-SN CPC (without MN involvement)
· Rel-17 SN initiated inter-SN CPC
· Rel-17 MN initiated inter-SN CPC

RAN3 has taken a Working Assumption that both Inter-CU and Intra-CU cases should be considered with equal priority. There is no reason to change the RAN3 WA from a RAN2 point of view and we thus think that both intra-SN and inter-SN Conditional PSCell Changes should be targeted in the Rel-18 work.
For the PSCell mobility it makes the most sense that the SN is in control. The SN should be in control of its own resources and there is e.g. only the SN initiated procedure for intra-SN CPC (from Rel-16). The SN should then also be in control of the inter-SN PSCell change cases. SN initiated CPC should therefore be supported in the Rel-18 solution for NR-DC with selective activation.
The MN initiated inter-SN CPC today suffers from that, when MCG measurement configuration is used, the events (execution conditions) that compare the candidate target cell with the source cell (A3/A5) compare the candidate target PSCell with the current PCell (i.e. not with the current PSCell). These events are thus not useful for MN initiated inter-SN CPC. The A4 event does not have this issue since it only looks at the candidate target PSCell, but it is then not useful for mobility use cases. The issue with A3/A5 events thus means that the Rel-17 MN initiated CPC solution is not useful as such. We therefore think that this issue should be corrected in Rel-18 in case we should target MN initiated CPC in the Rel-18 work.
[bookmark: _Toc115426218]Both intra-SN and inter-SN Conditional PSCell Changes should be targeted in the Rel-18 work.
[bookmark: _Toc115426219]SN initiated inter-SN Conditional PSCell Changes should be supported in the Rel-18 solution.
[bookmark: _Toc115426220]In case MN initiated inter-SN CPC is to be targeted in the Rel-18 work, A3/A5 events where the candidate target PSCell is compared with the current/serving PSCell should be supported for MN initiated inter-SN CPC.

2.3.3	Types of cell changes where CPC configurations could be kept
At the RAN2#119-e meeting it was agreed that “The selective activation of cell groups should correspond to support of subsequent conditional changes (CPC) after a cell group change (normal or conditional).”. It is thus clear that subsequent CPCs are to be supported after normal PSCell changes and after CPC executions.  It is however not clear whether it also includes subsequent CPCs after MCG cell group changes (PCell changes), i.e. after execution of a normal HO or execution of CHO.
For inter-MN changes, there may be a need for inter-node signaling to support that CPC configurations are kept for subsequent CPC executions. It is also more likely that there is a need for a different MCG configuration in the CPC configuration (and then also that the SCG configuration would need to be different) in case there is a change of MN.
[bookmark: _Toc115426209]Keeping CPC configurations at inter-MN cell changes (i.e. at inter-MN CHO execution or at inter-MN normal HO) may require MCG reconfiguration and inter-node signalling.

For intra-MN changes, no inter-node signalling should be required. Moreover, since the MN is kept, the MCG configuration is more likely to still be applicable. Hence, this case should have less specification impact than inter-MN change case. However, it should generally be discussed whether any of those cases are allowed and, if allowed, which priority they should have.
[bookmark: _Toc115426221]RAN2 to discuss whether it should be possible to keep CPC configurations at PCell change.

2.3.4	Handling of execution conditions and measurement configurations
When the UE stores the CPC configuration after a cell group change, as discussed in section 2.3.1, the corresponding execution conditions and conditional measConfig parts should also be kept in order to avoid the need for reconfigurations.
[bookmark: _Toc115426222]When the CPC configuration is stored after cell group change, the UE should keep the corresponding execution conditions and conditional measConfig.

In some cases the stored execution conditions and conditional measConfig might not be optimal when the UE performs a PSCell change to a new target SN. For SN initiated CPC configurations, the target SN therefore needs to have the possibility to update the execution conditions and corresponding measConfig. This, in turn, requires that the target SN is aware of the execution conditions and conditional measConfig that the UE has stored.
The following alternatives for the target SN to get hold of the execution conditions and related conditional measConfig for SN initiated CPC configurations can be identified:
· The MN informs the target SN about the execution conditions and conditional measConfig stored by the UE. This information can e.g. be provided when the MN sends to the target SN information about the SN initiated CPC configurations that the UE has stored, as discussed in section 2.3.1.
· The UE sends to the target SN (via the MN) the stored the execution conditions and conditional measConfig when executing the PSCell change procedure (e.g. in RRCReconfigurationComplete).

To let the MN provide the execution conditions and conditional measConfig to the target SN requires that the MN keeps an up to date list of the execution conditions and the SCG measConfig and then transmits these to the target SN at the cell change procedure. The alternative where the UE sends the information about the execution conditions and conditional measConfig to the target SN  would increase the signalling over the air interface, which should preferably be avoided. We therefore prefer the solution where the MN provides the stored execution conditions and the related conditional measConfig to the target SN, together with the corresponding SN initiated CPC configurations.
[bookmark: _Toc115426223]The MN should, at PSCell change procedures, provide the execution conditions and the related conditional measConfig for SN initiated CPC configurations (together with the SN initiated CPC configurations) to the target SN.


2.4	Handling of SN security
At the RAN2#119-e meeting there were some discussion related to whether there might be some security issues due to that CPC configurations are stored by the UE and executed later on, with the following FFSs:
FFS whether there is a security issue: e.g. to determine vertical or horizontal key derivation, e.g. security parameters re-used as part of subsequent CG switch (for the case when UE goes back to a previous cell, maybe in another SN), and FFS on the procedure/method with which the UE derives the SN security, e.g. based on a prior MN config (without RRC CPC config at the time of SN switch).

The Sk-Counter is sent by the MN to the SN and the SN uses it to derive base keys. These keys can be used for a number of reconfigurations. When the SN is changed the MN sends a new Sk-Counter to the UE. The MN is aware of when it needs to send a new Sk-Counter and there is in principle no difference between the legacy case or the case when the reconfigurations are done in advance as is the case for conditional reconfigurations. There does thus not seem to be any security issue related to subsequent conditional reconfigurations.
[bookmark: _Toc115426210]There does not seem to be any security issue related to subsequent conditional reconfigurations.

2.5	CPC configuration within CPA/CPC
The objective 4 in the WID [1] is to specify CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC. It can thus be assumed that there then will be support for a CHO configuration that includes CPA/CPC.
Today it is not allowed to include the field conditionalReconfiguration in the condRRCReconfig, i.e. a new conditional reconfiguration within the conditional reconfiguration. This can be seen in the field description for condRRCReconfig in 38.331:
condRRCReconfig
The RRCReconfiguration message to be applied when the condition(s) are fulfilled. The RRCReconfiguration message contained in condRRCReconfig cannot contain the field conditionalReconfiguration or the field daps-Config. For CPA and for CPC, the RRCReconfiguration message contained in condRRCReconfig cannot contain the field scg-State.
It is also described in 37.340 (clause 10.6) that CPC configurations cannot be included in conditional reconfigurations:
CPC configuration in HO command, in PSCell addition/change command or in conditional configuration (i.e CPA, CPC or CHO configuration) is not supported.
By adding support for CPC/CPA configurations within a CHO configuration, the above restrictions regarding inclusion of a CPC configuration within a conditional reconfiguration would be removed. The corresponding support for CPC configuration within a CPC or a CPA configuration would then also be possible unless new, more specific, restrictions are to be introduced in the specification. We therefore think that if support for CPC/CPA within CHO is introduced, RAN2 should consider to also support that CPC can be configured within a CPC/CPA configuration.
[bookmark: _Toc115426211]In case support for CPC or CPA within a CHO configuration is specified, the possibility to also support a CPC configuration within a CPC or CPA configuration may be supported without additional specification work.
[bookmark: _Toc115426224]RAN2 to consider support for inclusion of CPC configuration within a CPC or CPA configuration, in case CPC/CPA configuration is supported within CHO configuration.
Today it is not supported to include a CPC configuration in the PSCell addition configuration, as can be seen in 37.340, 10.6:
CPC configuration in HO command, in PSCell addition/change command or in conditional configuration (i.e CPA, CPC or CHO configuration) is not supported.
Considering the need to support cases with frequent SCG changes in FR2, this restriction will however mean that the UE may not yet have any CPC configurations in time for the first PSCell mobility procedure after the PSCell addition.
[bookmark: _Toc115426225]CPC configurations should be supported within normal PSCell addition commands.

2.6	CHO including candidate SCGs for CPC/CPA
The WID in [1] also includes an objective related to specifying CHO configuration including both target candidate MCG and target candidate SCG for CPAC (objective 4):
4. To specify CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC [RAN3, RAN2]
· CHO including target MCG and target SCG is used as the baseline

There were some discussions for objective 4 at the RAN#119-e meeting with the following outcome:
Observation: Current RAN2 Stage-3 specifications can support CHO including target MCG and target SCG in Rel-17.
CHO configuration referring to or including CPC/CPA configuration (intended to be applicable together) can be supported.
FFS: When triggering CHO, UE perform CPC/CPA configuration to start CPC/CPA evaluation, FFS if CHO evaluation and CPC/CPA evaluation is concurrent or sequential.

2.6.1	CHO and CPAC evaluation
One of the discussions at RAN2#119 concerned whether the CHO and CPAC conditions should be evaluated at the same time, or whether the CHO conditions should be evaluated first and the conditions for CPA/CPC should be evaluated only once the CHO configuration has been applied. The following FFSs were then listed at the RAN2#119 meeting:
FFS: When triggering CHO, UE perform CPC/CPA configuration to start CPC/CPA evaluation, FFS if CHO evaluation and CPC/CPA evaluation is concurrent or sequential.

Different benefits and drawbacks can be identified for the sequential and simultaneous evaluations of CHO and CPC/CPA, respectively:
Sequential evaluation of CHO and CPC/CPA (i.e. CPC/CPA is evaluated after CHO execution):
A solution with sequential evaluation would correspond to that CPC or CPA is configured within the CHO configuration and that the UE then only applies the CPC/CPA configuration (including execution conditions) once the CHO configuration is applied/executed. Specification of such solution should thus be rather simple, but there would be a delay until the resulting MCG+SCG configuration is achieved for the UE. In some cases there may even, as a result, be two separate execution procedures for the SCG, one towards the PSCell configured as part of the CHO configuration and then one towards the candidate target PSCell in the CPC with fulfilled execution conditions.
Simultaneous evaluation of CHO and CPC/CPA:
A solution with simultaneous evaluation of CHO and CPC/CPA would mean that the UE needs to have the execution conditions for both types of conditional configurations available and then consider whether conditions are fulfilled for only one or for both when execution is to be started. This will likely mean that the specification of such solution is more complex, e.g. there is a need for some rules for UE evaluation of these in parallel, e.g. whether it should be possible to execute CPC before CHO, and how to handle cases where only execution conditions for one of them is fulfilled.
A benefit is however that the most suitable PSCell configuration (if any) can be applied already at the point in time of CHO execution.
In either case, delaying the execution of one conditional reconfiguration (CHO or CPC) due to that the UE needs to evaluate another conditional reconfiguration (CPC  or CHO) should be avoided, as it could otherwise lead to failures of the MCG and/or the SCG and potentially even lead to re-establishment. The solution should thus be designed in such a way that the execution of a conditional reconfiguration is not delayed when the execution condition(s) are fulfilled.
[bookmark: _Toc114148082][bookmark: _Toc115426226]The execution of one type of conditional configuration (CHO or CPC) should not be delayed due to evaluation of the other conditional configuration (CPC or CHO).

2.6.2	SN initiated CPC
In existing specifications, both MN initiated and SN initiated CPC are supported. In MN initiated CPC the execution conditions refer to the MCG measConfig, whereas the execution conditions refer to the SCG measConfig in SN initiated CPC. When CPC configurations are included in CHO configurations, the SN may not be able to initiate any CPC configuration as a target candidate MN first needs to be selected. However, it is still a very relevant case that the execution conditions refer to the target candidate SN measConfig, as the mobility is related to that node. Therefore, the case of execution conditions related to the SN measConfig should be supported, even it may not be strictly “initiated” by the SN.
[bookmark: _Toc115426227]It should be possible to configure execution conditions related to an SN measConfig, in case CPC configurations are included in CHO configurations.

Conclusion
In the previous sections we made the following observations: 
Observation 1	In case of a PSCell change the target SN needs to have the information about the SN initiated CPC configurations that the UE has stored.
Observation 2	Keeping CPC configurations at inter-MN cell changes (i.e. at inter-MN CHO execution or at inter-MN normal HO) may require MCG reconfiguration and inter-node signalling.
Observation 3	There does not seem to be any security issue related to subsequent conditional reconfigurations.
Observation 4	In case support for CPC or CPA within a CHO configuration is specified, the possibility to also support a CPC configuration within a CPC or CPA configuration may be supported without additional specification work.

Based on the discussion in the previous sections we propose the following:
Proposal 1	There should be no specified limit for number of subsequent conditional changes that are supported.
Proposal 2	It should be possible for the UE to keep, i.e. not release, CPC configurations after cell group changes (normal or conditional) in order to support subsequent Conditional PSCell Changes.
Proposal 3	Keeping CPA configurations at cell group changes is not prioritized in Rel-18.
Proposal 4	The UE should keep (i.e. not release) a stored CPC configuration after cell group change in a manner where subsequent signaling after the cell group change is not needed.
Proposal 5	The UE should keep (i.e. not release) a stored CPC configuration after cell group change based on information from the target node of the cell group change procedure, e.g. in the CPC configuration or PSCell change configuration that triggered the cell group change.
Proposal 6	In case of an inter-SN PSCell change the MN should inform the target SN about the SN initiated CPC configurations that the UE has stored.
Proposal 7	Both intra-SN and inter-SN Conditional PSCell Changes should be targeted in the Rel-18 work.
Proposal 8	SN initiated inter-SN Conditional PSCell Changes should be supported in the Rel-18 solution.
Proposal 9	In case MN initiated inter-SN CPC is to be targeted in the Rel-18 work, A3/A5 events where the candidate target PSCell is compared with the current/serving PSCell should be supported for MN initiated inter-SN CPC.
Proposal 10	RAN2 to discuss whether it should be possible to keep CPC configurations at PCell change.
Proposal 11	When the CPC configuration is stored after cell group change, the UE should keep the corresponding execution conditions and conditional measConfig.
Proposal 12	The MN should, at PSCell change procedures, provide the execution conditions and the related conditional measConfig for SN initiated CPC configurations (together with the SN initiated CPC configurations) to the target SN.
Proposal 13	RAN2 to consider support for inclusion of CPC configuration within a CPC or CPA configuration, in case CPC/CPA configuration is supported within CHO configuration.
Proposal 14	CPC configurations should be supported within normal PSCell addition commands.
Proposal 15	The execution of one type of conditional configuration (CHO or CPC) should not be delayed due to evaluation of the other conditional configuration (CPC or CHO).
Proposal 16	It should be possible to configure execution conditions related to an SN measConfig, in case CPC configurations are included in CHO configurations.
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