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Introduction
In the last RAN2 meeting, NR-DC with selective activation of cell groups related issues were discussed and the following agreements were achieved [1].
	RAN2#121be:
For the reference configuration for SCG Selective Activation, aim at following similar design as LTM.
For inter-SN SCG Selective Activation, the RRC reconfiguration message containing the Rel-18 CPC configurations provided to the UE is in MN format. 
For MN initiated inter-SN SCG selective activation, source MN generates the execution conditions for the initial CPAC. 
FFS on the following options for subsequent CPC:
Option 1: Source MN generates the execution conditions for all subsequent CPC.
Option 2: Candidate SN may generate execution conditions for subsequent CPC.
For SN initiated inter-SN SCG selective activation, source SN generates the execution conditions for the initial CPC. 
FFS if Candidate SN may generate/modify execution conditions for subsequent CPC
Assume for now that there is only one reference configuration. 
The following may be included in the initial RRC reconfiguration message containing the Rel-18 CPC configurations:
1. Reference SCG configuration (Optionality FFS). Assume as for LTM Reference configuration may be empty.
FFS whether MCG configuration is included. 
FFS RRC model for the reference configuration.
2. Initial List of candidate target PSCells (this list can be updated by the network, e.g., cells may be added or removed) with associated target SCG configurations. FFS whether the MCG configurations associated with the target SCG configurations are included. 
3. The execution conditions associated with each candidate target PSCell. 
a.	For MN initiated procedure, execution conditions based on event A4 are supported. FFS whether A3/A5 are supported.
b.	For SN initiated procedure, execution conditions based on events A3/A5 are supported.      
UE will keep R18 CPC configurations after CPC execution. It should be possible to release a CPC candidate explicitly by RRC reconfiguration procedure.
  



In this contribution we continue to discuss basic solutions related to the selective activation of cell groups in NR-DC.
Discussion
Execution conditions

In the RAN2#119be meeting it has been confirmed the baseline procedure to support subsequent secondary cell group change as follows:
[bookmark: OLE_LINK3]Baseline procedure to support subsequent secondary cell group change (FFS if UE keeps all configurations or if those are indicated by the network, FFS support of nested configs):
a.	Step 1: when the execution condition of a CPC candidate PScell is met, a UE performs the execution of CPC towards this candidate PScell. 
[bookmark: OLE_LINK1]b.	Step 2: After finishing the PSCell addition or change, the UE doesn’t release conditional configuration of other candidate PSCells for subsequent CPC, the UE continues evaluating the execution conditions of other candidate PScells. 
c.	Step 3: When the execution condition of a candidate PScell is met, the UE performs the execution of CPC towards this candidate PSCell.

It has also confirmed that selective activation of cell groups without RRC reconfiguration is supported,  that means the execution conditions for subsequent secondary cell group change has to be configured in advance, and the NW should pre-configure execution conditions for subsequent cell group changes when preparing candidate cell group configurations.
Proposal 1: The NW pre-configures execution conditions for subsequent cell group changes when preparing candidate cell group configurations;

In the RAN2#121be meeting, it has been agreed that for the MN initiated inter-SN SCG selective activation, the source MN generates the execution conditions for the initial CPAC, It is FFS for the subsequent CPC and there are 2 options as follows:
Option 1: Source MN generates the execution conditions for all subsequent CPC.
Option 2: Candidate SN may generate execution conditions for subsequent CPC.
[bookmark: OLE_LINK7]For SN initiated inter-SN SCG selective activation, the source SN generates the execution conditions for the initial CPC, FFS if Candidate SN may generate/modify execution conditions for subsequent CPC.
In the R16 and R17 spec, it is the MN that decides execution conditions for the subsequent MN initiated CPC and the (target) SN that decides execution conditions for the subsequent SN initiated CPC. The principle is that it is the node who initiated the procedure generates the execution condition. For the R18 selective activation of cell groups, the difference with legacy is that the UE should support subsequent CPC without RRC reconfiguration which means the network pre-configures execution conditions for subsequent cell group changes. So the same principle should be used in R18 selective activation of cell groups: the node who initiated the subsequent CPC should pre-generates the execution condition for the UE. For the MN-initiated CPC the node is always the source MN while for the SN-initiated CPC the node keeps change and should be the candidate SN for the subsequent CPC.
[bookmark: OLE_LINK8]Proposal 2: For the MN initiated inter-SN SCG selective activation, source MN generates the execution conditions for all subsequent CPC. For SN initiated inter-SN SCG selective activation, the (target) candidate SN generates the execution conditions for subsequent CPC. 

[bookmark: OLE_LINK2]The execution conditions refer to the SCG measConfig in SN initiated CPC, whereas in MN initiated CPC, the execution conditions refer to the MCG measConfig. When the UE configured with SN-initiated inter-SN CPC performs a PSCell change to a new target SN, the new SCG measConfig is determined by the configuration prepared by the target SN and the previously stored execution conditions for other candidate target PSCells may not match with the candidate target PSCell. So there should be a method to configure the execution condition for the subsequent cell group change for the SN initiated CPC.
Proposal 3: For SN initiated CPC, RAN2 need to develop a method to configure the execution condition for the subsequent cell group change to avoid execution condition mismatch;
According to the current conditional reconfiguration procedure, the UE maintains a VarConditionalReconfig variable with a condReconfigToAddModList structure, where each candidate target PSCell CPC configuration corresponding to an entry in condReconfigToAddModList and is identified by a condReconfigId which is generated by MN. When the execution condition of one candidate PSCell is satisfied, the UE applies the conditional reconfiguration corresponding to the selected candidate PSCell, and sends an RRCReconfigurationComplete to the MN, which includes information enabling the MN to identify the SN of the selected candidate PSCell, which actually is the condReconfigId of the selected candidate PSCell. The conditional reconfiguration execution procedure is actually an RRC reconfiguration procedure which incldues the setup/modify/release measConfig. Therefore, in oredr to enable subsequent cell group change without reconfiguring the execution condition for SN initiated CPC, the execution condition of one condidate target PSCell to another condiate target PSCell and the meaConfig can be prepared in advance in the conditional reconfiguration configuration. In this way, when the UE applies the conditional reconfiguration corresponding to the selected candidate PSCell, the UE updates the measConfig and the execution condition. The procedure can be as follows:
· The MN obtains all the candidate target PSCell(s) information and the corresponding condition reconfiguration and assigns each candidate target PSCell a condReconfigId just as legacy R17 SN initiated CPC .
· The MN sends to each candidate target PSCell the information about the other candiate target PSCell(s) and the corresponding condReconfigId. The information can include the SSB freqency、PCI and so on.
· [bookmark: OLE_LINK6]With the information provided by MN, the candiate target PSCell can configure the CPC  execution condition to other candidate target PSCell(s) and update the measConfig if needed. The execution condition is associated with the condReconfigId of the corresponding other candidate target PSCell. The candiate target PSCell provides these to the MN.
· The MN updates the condition reconfiguration, generates the final conditional reconfiguration message and sends to the UE. 
Assuming that the current serving PSCell is PSCell X, and the candidate target PSCell(s) are candidate PSCell A、B、C, then the final conditional reconfiguration can be like this:
  [image: ]
Proposal 4: The information of the other candiate target PSCell and the corresponding condReconfigId can be provided to the candidate target PSCell to configure the CPC  execution condition and to update the measConfig if needed.

[bookmark: _Toc118470748]In legacy CPC, the UE starts evaluating the execution condition(s) upon receiving the CPC configuration, and stops evaluating the execution condition(s) once PSCell change is triggered. For subsequent secondary cell group change, after finishing the PSCell change, the UE doesn’t release conditional configuration of other candidate PSCells for subsequent CPC, and the UE continues evaluating the execution conditions of other candidate PSCells. As the UE has just performed PSCell handover, the signal quality of the PSCell may be good enough, the UE starts measurement to evaluate the execution conditions of other candidate PSCell may cause measurement overload and unnecessary energy consumption. Thus RAN2 need to study when to start the condition evaluation on candidate PSCells for subsequent CPC. For example when the signal quality of the PSCell exceeds a threshold or the current signal quality is getting better or changing little relative to the signal quality at the beginning of the PSCell change, the UE is not needed or stops performing evaluation of the execution condition. When the signal quality of the PSCell is below a threshold or the current signal quality changing range is greater than a certain threshold relative to the signal quality at the beginning of the PSCell change, the UE starts performing evaluation of the execution condition.
Proposal 5: RAN2 needs to study when to start the condition evaluation on candidate PSCells for subsequent CPC. 


Configuration for selective activation of cell groups
Using initial Source PSCell for subsequent SCG change 
[bookmark: OLE_LINK4]In legacy CPC, all configured PSCell configurations and the source PSCell configuration will be released after successful CPC execution. For selective activation of cell groups, the candidate PSCell configuration will not be released for subsequent secondary cell group change. There is a scenario that the UE may move back to the initial source PSCell after several subsequent CPC, so the initial source PSCell can be used for the subsequent SCG change, that means the network can configure the initial source PSCell as a candidate PSCell in candidate PSCell configuration. However this depends on the UE trajectory. For example in a shopping mall ,the UE’s trajectory may be a circle, then the initial source PSCell can be used for subsequent secondary cell group change. So considering above, it is up to network on whether to use the initial source SCG for subsequent SCG change.
Proposal 6: NW configures the initial source PSCell as one of the candidate PSCell configurations if the NW wants to use it for subsequent selective SCG change. 
how many subsequent conditional changes are targeted
In RAN2#119e meeting, there is a FFS that how many subsequent conditional changes are targeted (and what is the impact of such assumption). We think there is no need to define this. It could be simply up to the NW implementation. If the subsequent conditional changes are not required or allowed any more, the NW can indicate to release all stored candidate cell group configurations.

Proposal 7: It is up to the NW implementation that how many subsequent conditional changes are targeted.

Support of CPA
In RAN2#119be meeting, RAN2 has confirmed the need to support “CPA” selective activation of cell groups. However the exact meaning of “CPA” selective activation needs further clarification. There have been two types of understanding of “CPA” selective activation. 
· Type#1: After CPA execution, configurations of candidate PSCells for CPA are kept for the subsequent conditional PSCell change (without releasing the configuration after execution), and UE stays in DC scenario which has already assumed by RAN2 in last RAN2#121 meeting.
· Type#2: After CPA execution, configurations of candidate PSCells for CPA are kept for the subsequent conditional PSCell addition (without releasing the configuration after execution) when UE switches from DC to standalone scenario. 
In our understanding, the UE in DC mode can return to SA mode for some reason, however the candidate PSCells for CPA can used for subsequent CPA which can shorten the time the UE return to DC mode when needed, so the “CPA” selective activation can also refer to the Type#2.
[bookmark: OLE_LINK9]Proposal 8: The support of CPA selective activation of cell groups refers to the configurations of candidate PSCells for CPA are kept for the subsequent conditional PSCell addition.

Security issue
[bookmark: OLE_LINK10]The sk-counter is used by UE to derive the secondary key in NR-DC and generated by MN. To support subsequent CPC without without RRC reconfiguraton, the MN has to pre-configure the SN counter to UE. As UE keeps moving, it may switch to a candidate PSCell the UE had already switched before which may result the sk-counter reused. However as the reply LS [2] from SA3 has pointed out that the reused sk-counter it is not acceptable from security point of view. Moreover as specified in TS 33.501 the sk-counter should be monotonically incremented for each additional calculated secondary key, as the UE’s trajectory is uncertain, the sk-counter used for subsequent CPC maybe out-of-order. To meet the security requirements, RAN2 need to develop a method to configure and maintain the sk-counter.

	TS 33.501
[bookmark: _Toc45274334][bookmark: _Toc51168178][bookmark: _Toc114220791][bookmark: _Toc26875814][bookmark: _Toc35528565][bookmark: _Toc35533326][bookmark: _Toc19634754][bookmark: _Toc45028669][bookmark: _Toc45274921]6.10.3.1	SN Counter maintenance
【...】
The MN shall set the SN Counter to ‘0’ when a new AS root key, KNG-RAN, in the associated 5G AS security context is established. The MN shall set the SN Counter to ‘1’ after the first calculated KSN, and monotonically increment it for each additional calculated KSN. The SN Counter value '0' is used to calculate the first KSN. 
【...】



Proposal 9: RAN2 need to develop a method to configure and maintain the sk-counter to meet the security requirements.


Conclusion
Proposal 1: The NW pre-configures execution conditions for subsequent cell group changes when preparing candidate cell group configurations;
Proposal 2: For the MN initiated inter-SN SCG selective activation, source MN generates the execution conditions for all subsequent CPC. For SN initiated inter-SN SCG selective activation, the (target) candidate SN generates the execution conditions for subsequent CPC. 
Proposal 3: For SN initiated CPC, RAN2 need to develop a method to configure the execution condition for the subsequent cell group change to avoid  execution condition mismatch;
Proposal 4: The information of the other candiate target PSCell and the corresponding condReconfigId can be provided to the candidate target PSCell to configure the CPC  execution condition and update the measConfig if needed.
Proposal 5: RAN2  need to study when to start the condition evaluation on candidate PSCells for subsequent CPC. 
Proposal 6: NW configures the initial source PSCell as one of the candidate PSCell configurations if the NW wants to use it for subsequent selective SCG change. 
Proposal 7: It is up to the NW implementation that how many subsequent conditional changes are targeted.
Proposal 8: The support of CPA selective activation of cell groups refers to  the configurations of candidate PSCells for CPA are kept for the subsequent conditional PSCell addition.
Proposal 9: RAN2 need to develop a method to configure and maintain the sk-counter to meet the security requirements.
[bookmark: OLE_LINK60][bookmark: OLE_LINK48][bookmark: OLE_LINK47][bookmark: OLE_LINK58][bookmark: OLE_LINK59]Reference
[1] R2_121bis-e Chair Notes EOM.docx
[2] R2-2301943(S3-231397) Reply LS R2-2213337 LS on security for selective SCG activation



4

image1.png
PSCell X

candidate SCG A

candidate SCG B

candidate SCG C

MeasConfig
Measld_A

Measld_B
Measld_C

condRRCReconfig X

MeasConfig
Measld_AX
Measld_A-B
Measld A-C

condRRCReconfig A

MeasConfig
Measld_B-A
Measld_B-C

condRRCReconfig B

MeasConfig
Measld_C-A
Measld_

condRRCReconfig C

condReconfigld = 1
condRRCReconfig = A
CondReconfigExecCondSCG =

condReconfigld >7
CondRecgnflgExecCondSCG =
Mepstd_A-B

condRecorfigld = 1
CondReconfigExecCondSCG =
Measld_B-A

condReconfigld =1
CondReconfigExecCondSCG =
Measld_C-A

condReconfigld = 2
condRRCReconfig = B
CondReconfigixecCondSCG =

condReconfigld 53
CondRecopfigExecCondSCG =
Measid”A-C

condReconfigld =3
CondReconfigExecCondsCG =
Measld_B-C

condReconfigld = 2
CondReconfigExecCondSCG =
Measld_C-B

condReconfigld = 3
condRRCReconfig = C
CondReconfigExecCondSCG =

condReconfigld = 1

condReconfigld = 2

condReconfigld = 3





