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[bookmark: _Ref488331639]Introduction 
In this contribution, we would like to provide our views on mobility enhancement for NR-DC from the following aspects:
· Issues regards to selective activation of SCG, mainly including scenarios, trigger of evaluation, update of security key and validity of configurations.
· Issues regards to CHO with CPA/CPC, mainly including configurations and execution order.               
[bookmark: _Ref178064866]Discussion
Scenarios 
According to the progress made in last RAN2 e-meeting, the understanding of selective activation of cell groups was clarified as follows:
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
Based on above agreements, it is still unclear whether CPC after CPA is supported. R17 introduces CPA where UE can conditionally perform PSCell addition to move from single connectivity to dual connectivity. After initial CPA execution, it is possible that UE may move to one of the prepared PSCells. Considering that each CPA candidate is provided with full configuration, it is feasible to be applied for CPC. Therefore, instead of release CPA configuration after initial execution, it is beneficial to store CPA configuration for purpose of follow-up CPC.
[bookmark: _Toc115436988]Subsequent CPC after CPA should be supported.

As specified in TS 37.340, CPC can be initiated by either MN or SN and CPA is initiated by MN. For MN-initiated CPC/CPA, execution conditions are generated by MN based on MN measConfig. For SN-initated CPC, execution conditions are generated by SN based on source SN measConfig. During subsequent CPC, the execution configurations can be maintained for MN-initiated case unless MN measConfig is updated. While for SN-initiated case, execution conditions need to be re-configured each time source SCG is changed. Given more frequent signalling interactions are required to keep execution configuration valid, it is suggested to prioritize the study of subsequent CPC based on MN-initiated CPC/CPA.
[bookmark: _Toc115436989]Subsequent CPC based on MN-initiated CPC/CPA configuration is prioritized.
Trigger of evaluation
For the trigger of subsequent SCG change, UE-triggered scheme can be reused since it is beneficial to latency reduction and robustness enhancement. In legacy CPA/CPC, UE starts evaluating the execution condition(s) upon receiving the CPC/CPA configuration, and stops evaluating once PSCell change is triggered. For the first CPA/CPC, the existing evaluation mechanism can be reused, while it is not feasible to cover subsequent SCG change since no reconfiguration message is expected. Therefore, further study is needed to define when to start/stop the evaluation on candidates during subsequent CPC. 
[bookmark: _Toc110244747][bookmark: _Toc110506141][bookmark: _Toc110519986][bookmark: _Toc110860163][bookmark: _Toc110957835][bookmark: _Toc110959960][bookmark: _Toc111024408][bookmark: _Toc111033492][bookmark: _Toc115192598][bookmark: _Toc115255346][bookmark: _Toc115436998]UE starts evaluating the execution condition(s) upon receiving the CPC/CPA configuration, and stops evaluating once PSCell change is triggered. For consecutive CPC, UE will not receiveRRC message for CPC/CPA configuration since the configured CPC/CPA has not been released.
[bookmark: OLE_LINK5][bookmark: _Toc115436990]UE-triggered selective activation of SCG is taken as baseline.
[bookmark: _Toc110177738][bookmark: _Toc115436991]For UE-triggered selective activation of SCG, when to start/stop the evaluation on candidates should be defined. 
Security issue of subsequent CPC
As specified in TS 33.501, security key used for SN (KSN) is managed by MN. It is generated based on security key of MN (KgNB) and SN counter as described in the text in the box. MN generates KSN for SN and sends it to the SN over the Xn-C. In order to make KSN aligned between UE and SN, the value of SN counter should be sent to UE over RRC signalling for the derivation of KSN at UE side, i.e., sk_counter in RRCReconfiguration message. 
	TS 33.501
A.16	Derivation of KSN for dual connectivity
This input string is used when the MN and UE derive KSN during dual connectivity. The following input parameters shall be used:
-	FC =0x79,
-	P0 = Value of the SN Counter as a non-negative integer,
-	L0 = length of the SN Counter value (i.e. 0x00 0x02).
The input key KEY shall be KeNB when the MN is an ng-eNB and KgNB when the MN is a gNB.



In legacy, the sk_counter associated to each candidate is provided to the UE along with CPAC configuration. UE determines target PSCell based on execution condition and refreshes KSN according to corresponding sk_counter. For selective activation of SCG, the preconfigured sk_counter for each candidate can be maintained and used to generate KSN when UE executes CPC to target SCG. 
For selective activation of SCGs, UE will perform consecutive CPC procedure with pre-configured candidates, which may cause out-of-order utilization of sk_counter. While according to the principle of legacy SN counter maintenance at MN, SN counter shall be increased monotonically. If preconfigured sk_counter is applied for subsequent CPC, UE can not employ sk_counter by keeping it increasing. Further confirmation with SA3 might be needed on whether there is any problem if the sk_counter used by UE does not follows a monotonically increasing way.
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. 
[bookmark: _Toc115436992]Sk counter is preconfigured for each CPA/CPC candidate.
[bookmark: _Toc115436993]RAN2 confirms with SA3 on the utilization of pre-configured sk counter for subsequent CPC.
Since only one sk_counter is preconfigured for each CPA/CPC candidate, it would result in security reuse issue if CPC is executed on the same candidate more than once. Therefore, UE shall consider the candidate configuration as invalid when sk_counter associated to a CPA/CPC candidate is applied. 
[bookmark: _Toc115436994]When sk_counter associated with a CPA/CPC candidate is applied, UE considers the candidate configuration as invalid.
Further discussion is needed on whether a candidate is expected to be selected as target more than one time. To support this case, we should study how to guarantee there is refreshed sk counter for the update of security key used for SN especially for inter-SN CPC scenario. For example, it can up to MN to refresh the Ksn for CPA/CPC candidate and update the sk_counter to UE. Other solutions such as configuring multiple sk_counter for each candidate can be also studied.
Validity of candidate configurations
Multiple candidate configurations should be maintained for subsequent CPC, how to guarantee the validity of configurations need to be studied. For a candidate configuration which is already unavailable, it is meaningless to keep monitoring and evaluating. In our understanding, the simplicity way is up to network indication, network can indicate UE to release/add/modify a candidate whenever any update is needed. Besides, in order to further reduce signalling overhead, UE-triggered validity check can be also discussed. For example, UE stop the evaluation to a candidate of which the sk_counter has been applied and no refreshed key is received. In other solutions, a candidate can be configured as valid during a timer or within a preconfigured area.
[bookmark: _Toc115436995]RAN2 study how to guarantee the validity of configurations for selective activation of SCG.
CHO+CPA/CPC
As specified in WID [1], objective#4 is to specify CHO including target MCG and candidate SCGs for CPC/CPA in NR-DC. Initial agreements for this objective were made as follows:
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.
It is still open on how to configure CHO with CPA/CPC, two options as follows can be considered.
· Option1: The CHO and CPAC are configured separately. There might be linkage between CHO candidate and CPAC candidate.
· Option2: CPA/CPC configuration is included in each CHO candidate configuration.
For option1, UE might be able to start the evaluation on PCell and PSCell simultaneously which is beneficial to reduce the interruption time of SCG change/addition. But option1 would make it complex to configure execution conditions for CPA/CPC candidate, for example, some candidates may refer to source SCG measurement while others should refer to candidate MCG. Moreover, meaningless evaluation would be performed by UE on those CPA/CPC candidates which are not linked to final target MCG.
For opiton2, CPA/CPC configuration is available only when target PCell is determined and the corresponding configuration is applied. The start point of evaluation on CPA/CPC candidates can be the following alternatives:
Alt1: UE starts to evaluate CPA/CPC candidates upon one of CHO candidates is selected as target.
Alt2: UE starts to evaluate CPA/CPC candidates upon UE has successfully accessed to a target PCell. 
With Alt1, the evaluation on CPA/CPC candidates can be started earlier, but there is risk that CHO is finally failed resulting in the waste of CPA/CPC evaluation. With Alt2, the gain of DC would be impacted due to the delay of CPA/CPC evaluation, but nearly all legacy CHO and CPA/CPC mechanisms can be reused. From the perspective to keep the procedure simple and clear, Option2 is preferred from our side.
[bookmark: _Toc115436996]CPA/CPC configuration is included in each CHO candidate configuration.
[bookmark: _Toc115436997][bookmark: _GoBack]UE starts CPC/CPA evaluation once CHO is successfully completed.
Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1	UE starts evaluating the execution condition(s) upon receiving the CPC/CPA configuration, and stops evaluating once PSCell change is triggered. For consecutive CPC, UE will not receiveRRC message for CPC/CPA configuration since the configured CPC/CPA has not been released.
Based on the discussion above, we have the following proposals:
Proposal 1	Subsequent CPC after CPA should be supported.
Proposal 2	Subsequent CPC based on MN-initiated CPC/CPA configuration is prioritized.
Proposal 3	UE-triggered selective activation of SCG is taken as baseline.
Proposal 4	For UE-triggered selective activation of SCG, when to start/stop the evaluation on candidates should be defined.
Proposal 5	Sk counter is preconfigured for each CPA/CPC candidate.
Proposal 6	RAN2 confirms with SA3 on the utilization of pre-configured sk counter for subsequent CPC.
Proposal 7	When sk_counter associated with a CPA/CPC candidate is applied, UE considers the candidate configuration as invalid.
Proposal 8	RAN2 study how to guarantee the validity of configurations for selective activation of SCG.
Proposal 9	CPA/CPC configuration is included in each CHO candidate configuration.
Proposal 10	UE starts CPC/CPA evaluation once CHO is successfully completed.
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