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[bookmark: _Ref488331639]Introduction 
In RAN#94e, a new work item on further NR mobility enhancements was approved [1]. In order to mitigate throughput impacts for NR-DC mobility, one of the objectives is to study CHO including target MCG and candidate SCGs for CPC/CPA. 
	1. 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


In this paper, we would like to provide our considerations on supporting CHO with candidates SCGs for CPA/CPC.
[bookmark: _Ref178064866]Discussion
Before Rel-17, CHO is focused on PCell change for MR-DC case, i.e., CHO with SCG configuration is not supported. As a TEI enhancement in Rel-17, CHO including target SCG was supported. It means SCG can be added or changed as part of the CHO execution. While the radio link quality of the preconfigured target SCG may not be good enough for access due to which the UE throughput would be impacted. For optimization, CHO including MCG and candidate SCGs for CPA/CPC is to be studied in R18 mobility. RAN2 made the following agreements in previous meetings.
RAN2#119e:
	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.


RAN2#120:
	Execution order: the UE doesn’t execute CPC/CPA unless CHO condition is fulfilled (regardless parallel or sequential evaluation)



Configuration
It is still open on how to configure CHO with candidate SCGs for CPA/CPC, and the following three options can be taken for further discussions.
· Option1: CHO candidates and CPA/CPC candidates are configured separately with explicitly linking.
· Option2: Each CHO candidate includes one MCG configuration and one SCG configuration.
· Option3: CPA/CPC configurations is nested in each CHO candidate configuration.

With option1, the signalling overhead over air interface can be reduced if a candidate SCG can be common for multiple CHO candidates. For instance, a list of SCG configurations for CPA/CPC can be provided to UE and CHO candidate includes the index of the associated CPA/CPC candidate in its configuration. But complexity and signalling overhead between network nodes will be increased for the preparation of CPA/CPC candidates, e.g., to co-ordinate which CPA/CPC candidates can be common and unify the use of candidate index. 
For Option2, the same signalling structure of CHO with target SCG as supported in R17 can be simply reused. But if one CHO candidate can be associated with multiple candidate SCGs, this option will make the signalling inefficient since the MCG configuration needs to be repeated for each combination. 
For Option3, the RAN2 specification impact is minor, i.e., removing the restriction in the field description for  CondReconfigToAddModList and conditionalReconfiguration-r16. 
As a trade-off of signalling overhead and specification impacts, it is proposed to adopt Option3 as the way to configure CHO with candidate SCGs for CPA/CPC. A test proposal is also provided below to capture Option3 in specification. It should be noted that the restriction in current specification intends to preclude all the possible cases to nest a conditional configuration in another conditional configuration, which includes CHO in CHO, CHO in CPA/CPC, CPA/CPC in CPA/CPC and CPA/CPC in CHO. Therefore, the change is made to support CPA/CPC in CHO and remain the other cases as legacy.
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[bookmark: _Toc127535866]CPA/CPC configuration is nested in each CHO candidate configuration.

Start of evaluation for CPC/CPA
One FFS left from previous meetings regards to whether CHO evaluation and CPC/CPA evaluation can be performed concurrently, i.e., whether UE starts evaluations on candidate PCells and candidate PSCells upon reception of CHO with CPA/CPC configurations. Simultaneous evaluations might be beneficial for fast SCG change/addition. For example, UE selects a candidate PCell as target PCell when execution conditions are met, the corresponding target PSCell can be also determined. While with simultaneous operation, meaningless evaluation would be performed by UE on those CPA/CPC candidates which are not linked to final target MCG. Besides, the execution of CPA/CPC can not be earlier than CHO according to the latest agreement. The execution of CPA/CPC will be delayed if there is a qualified CPA/CPC candidate while conditions to execute CHO are not fulfilled. For this case, the evaluation results for CPA/CPC may be out-of-date when waiting for CHO execution.
[bookmark: _Toc127535867]UE does not start the evaluation on CPC/CPA candidates before a target CHO candidate is selected.
The evaluation on candidate PCells can be started upon CHO configuration is received as in legacy. For when to start CPA/CPC evaluation, the following two alternatives can be considered.
· [bookmark: _Hlk127199333]Alt1: The evaluation on CPC/CPA candidates is started upon CHO is executed.
· Alt2: The evaluation on CPC/CPA candidates is started after UE has successfully accessed to target PCell.
For Alt1, it is what has already been supported by current specification as the text cited below, i.e., UE performs conditional reconfiguration if conditionalReconfiguration is included in the RRCReconfiguration message applied by UE. While there is a risk that UE may not able to access to target PCell successfully, which would make the evaluations on candidate PSCell in vain. Furthermore, considering that simultaneous configuration of CHO and CPA/CPC is supported, it is necessary to introduce a new UE variable to store the nested CPA/CPC configuration in order to avoid overwritten issue.
	[bookmark: _Toc60776760][bookmark: _Toc115428465]TS 38.331
5.3.5.3	Reception of an RRCReconfiguration by the UE
The UE shall perform the following actions upon reception of the RRCReconfiguration, or upon execution of the conditional reconfiguration (CHO, CPA or CPC):
Omitted
1>	if the RRCReconfiguration message includes the conditionalReconfiguration:
2>	perform conditional reconfiguration as specified in 5.3.5.13;



For Alt2, the gain of DC would be impacted due to the delay to evaluate CPA/CPC candidates, but the issues brought by Alt1 can be avoided. To support Alt2, specification change is needed to define the timing to start CPA/CPC evaluation. A text proposal is provided as follows to achieve Alt2.
	5.3.5.3	Reception of an RRCReconfiguration by the UE
The UE shall perform the following actions upon reception of the RRCReconfiguration, or upon execution of the conditional reconfiguration (CHO, CPA or CPC):
Unchanged parts are Omitted
The first change
1>	if the RRCReconfiguration message includes the conditionalReconfiguration and the RRCReconfiguration message is not applied due to due to a conditional reconfiguration execution for CHO:
2>	perform conditional reconfiguration as specified in 5.3.5.13;
Unchanged parts are Omitted
The second change
1>	if reconfigurationWithSync was included in spCellConfig of an MCG or SCG and when MAC of an NR cell group successfully completes a Random Access procedure triggered above; or,
1>	if sl-PathSwitchConfig was included in reconfigurationWithSync included in spCellConfig of an MCG, and when successfully sending RRCReconfigurationComplete message (i.e., PC5 RLC acknowledgement is received from target L2 U2N Relay UE):
2>	stop timer T304 for that cell group if running;
2>	if sl-PathSwitchConfig was included in reconfigurationWithSync:
3>	stop timer T420;
3>	release all radio resources, including release of the RLC entities and the MAC configuration at the source side;
NOTE 2b:	PDCP and SDAP configured by the source prior to the path switch that are reconfigured and re-used by target when delta signalling is used, are not released as part of this procedure.
2>	stop timer T310 for source SpCell if running;
2>	apply the parts of the CSI reporting configuration, the scheduling request configuration and the sounding RS configuration that do not require the UE to know the SFN of the respective target SpCell, if any;
2>	apply the parts of the measurement and the radio resource configuration that require the UE to know the SFN of the respective target SpCell (e.g. measurement gaps, periodic CQI reporting, scheduling request configuration, sounding RS configuration), if any, upon acquiring the SFN of that target SpCell;
2>	for each DRB configured as DAPS bearer, request uplink data switching to the PDCP entity, as specified in TS 38.323 [5];
2>	if the reconfigurationWithSync was included in spCellConfig of an MCG:
3>	if T390 is running:
4>	stop timer T390 for all access categories;
4>	perform the actions as specified in 5.3.14.4.
3>	if T350 is running:
4>	stop timer T350;
3>	if RRCReconfiguration does not include dedicatedSIB1-Delivery and
3>	if the active downlink BWP, which is indicated by the firstActiveDownlinkBWP-Id for the target SpCell of the MCG, has a common search space configured by searchSpaceSIB1:
4>	acquire the SIB1, which is scheduled as specified in TS 38.213 [13], of the target SpCell of the MCG;
4>	upon acquiring SIB1, perform the actions specified in clause 5.2.2.4.2;
2>	if the reconfigurationWithSync was included in spCellConfig of an MCG; or
2>	if the reconfigurationWithSync was included in spCellConfig of an SCG and the CPA or CPC was configured:
3>	remove all the entries within the MCG and the SCG VarConditionalReconfig, if any;
3>	remove all the entries within VarConditionalReconfiguration as specified in TS 36.331 [10], clause 5.3.5.9.6, if any;
3>	for each measId of the MCG measConfig, if configured, and for each measId of the SCG measConfig, if configured, if the associated reportConfig has a reportType set to condTriggerConfig:
4>	for the associated reportConfigId:
5>	remove the entry with the matching reportConfigId from the reportConfigList within the VarMeasConfig;
4>	if the associated measObjectId is only associated to a reportConfig with reportType set to condTriggerConfig:
5>	remove the entry with the matching measObjectId from the measObjectList within the VarMeasConfig;
4>	remove the entry with the matching measId from the measIdList within the VarMeasConfig;
3>	if the RRCReconfiguration message includes the conditionalReconfiguration and the RRCReconfiguration message is applied due to a conditional reconfiguration execution for CHO:
   4> perform conditional reconfiguration as specified in 5.3.5.13;
Unchanged parts are Omitted



[bookmark: _Toc127535868]For when to start the evaluation on CPC/CPA candidates, the following alternatives can be discussed:
a. [bookmark: _Toc127535869]The evaluation on CPC/CPA candidates is started upon CHO is executed.
b. [bookmark: _Toc127535870]The evaluation on CPC/CPA candidates is started after UE has successfully accessed to target PCell.
Conclusion
Based on the discussion above, we have the following proposals:
Proposal 1	CPA/CPC configuration is nested in each CHO candidate configuration.
Proposal 2	UE does not start the evaluation on CPC/CPA candidates before a target CHO candidate is selected.
Proposal 3	For when to start the evaluation on CPC/CPA candidates, the following alternatives can be discussed:
a.	The evaluation on CPC/CPA candidates is started upon CHO is executed.
b.	The evaluation on CPC/CPA candidates is started after UE has successfully accessed to target PCell.
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RRCReconfiguration - IEs  field descriptions  

bap - Config   This field is used to configure the BAP entity for IAB nodes.  

bap - Address   Indicates the BAP address of an IAB - node.   The   BAP address of an IAB - node cannot be changed once configured  for the cell group  to the BAP entity.  

conditionalReconfiguration   Configuration of candidate target SpCell(s) and execution condition(s) for conditional handover , conditional PSCell addition   or  conditional PSCell change .   The field is absent if  any DAPS bearer   is configured or if the  masterCellGroup   includes  ReconfigurationWithSync   and CHO is not configured  or if the  sl - L2RemoteUE - Config  or  sl - L2RelayUE - Config   is configured .   For conditional PSCell   change, the field is absent if the  secondaryCellGroup  includes  ReconfigurationWithSync .  The  RRCReconfiguration   message  contained in  DLInformationTransferMRDC  cannot contain the field  conditionalReconfiguration  for conditional PSCell change   or for  conditio nal PSCell addition .  
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CondReconfigToAddMod  field des criptions  

condExecutionCond   The execution condition that needs to be fulfilled in order to trigger the execution of a conditional reconfiguration   for CHO, CPA, intra - SN CPC without MN involvement or MN  initiated inter - SN CPC .  When configuring 2 triggering   events (Meas Ids) for a candidate cell, network ensures that both refer to the same  measObject.   For CHO, i f network  configures  condEventD1   or  condEventT1   for a candidate cell network configure s   a second triggering event  condEventA3, condEventA4   or  condEve ntA5   for the same  candidate cell . Network does not configure both  condEventD1   and   condEventT1   for the same candidate cell.  

condExecutionCondSCG   Contains execution condition that needs to be fulfilled in order to trigger the execution of a conditional reco nfiguration for SN initiated inter - SN CPC. The Meas Ids refer to the  measConfig   associated with the SCG. When configuring 2 triggering events (Meas Ids) for a candidate cell, network ensures that both refe r to the same  measObject . For each  condReconfigId ,  the network always configures either  condExecution Cond   or  condExecution CondSCG   (not both).  

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 , exc ept   f or   RRCReco nfigura tion   m e s sage   c ont ained  in  co n d RRC Reconfig   for CH O   c ont ains the f i el d   cond ition alR econ figura tion   for  CP A or CPC .  

 


