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[bookmark: _GoBack]1	Introduction
During Rel-16 MobEnh WI, a new feature was standardized, i.e. Conditional PSCell Change (CPC) for intra-SN case. Neither Conditional PSCell Addition (CPA), nor other CPC cases were addressed in Rel-16, in scenarios involving MN. Now, in Rel-17, a new work item i.e. MR-DC Rel-17 WI (RP-193249) has one of the objectives defined as follows:
	1. Support of conditional PSCell change/addition [RAN2, RAN3]
· support scenarios which are not addressed in Rel-16 NR mobility WI



This paper discusses first Rel-16 agreements that could be easily adopted to Rel-17. Furthermore, we provide our view on what other key aspects need to be considered. 
2	Conditional PSCell Change/Addition – general framework
During Rel-16 MobEnh WI, discussions on conditional PSCell change/addition focused on CPC in intra-SN case. But as general framework, many principles and agreements from conditional handover (CHO) were re-used and agreed upon.
Rel-17 WI scope is quite wide including all other scenarios that were not discussed in Rel-16 as potential candidates for discussion, i.e. inter-SN change (MN initiated SN change, SN initiated SN change), MN initiated SN addition in addition to open items related to partially defined intra-SN PSCell change. Therefore, it is important to have a look and consider, as a starting point, some less controversial Rel-16 agreements to be adopted for Rel-17.
Looking back at agreements, we think that the following list summarized in Table 1 for general CPAC framework can be re-used as starting point for Rel-17. The agreements highlighted in blue text can be re-considered for discussion in Rel. 17.
				Table 1: General CPAC agreements
RAN#107 Agreements
1 	Support conditional NR PSCell addition/change and reusing the conditional HO solution being developed. Supported for any architecture option with NR PSCell.
2	From RAN2 perspective conditional NR PSCell change can be supported for both intra-SN and inter-SN.

RAN2#107bis Agreements:
1 Maintain Rel-15 principle that only one PScell is active at a time even with conditional PScell addition/change.

RAN2#108 Agreements
1    CPAC is defined as the UE having network configuration for initiating access to a candidate PSCell, either to consider the PSCell as suitable for SN addition or SN change including intra-SN change, based on configured condition(s).  
2.	Usage of CPAC is decided by the network. The UE evaluates when the condition is valid.
3.	Support configuration of one or more candidate cells for CPAC;
4.	Allow having multiple triggering conditions (using “and”) for CPAC execution of a single candidate cell. Only single RS type per CPAC candidate is supported. At most two triggering quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultaneously.  
5.	Define an execution condition for conditional PSCell change by the measurement identity which identifies a measurement configuration There is already an agreement for conditional PSCell addition
7.	Cell level quality is used as baseline for Conditional NR PSCell addition/change execution condition;
8.	Only single RS type (SSB or CSI-RS) per candidate PSCell is supported for PSCell change. 
9.	At most two triggering quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultaneously. 
10.	TTT is supported for CPAC execution condition (as per legacy configuration)
11.	UE is not required to continue evaluating the triggering condition of other candidate PSCell(s) during conditional SN execution. 
 12. SN decides on the condition for SN-initiated procedures and MN decides on the condition on MN-initiated procedures.

RAN2#109e Agreements (3.3.2020)
Proposals from offline discussion [AT1092] [215]:
S1_1:  While executing CPC procedure, the UE continues to receive RRC reconfiguration from the MN. However, the UE should finalise the ongoing CPC execution before processing the RRC message received from the MN (same as in the conventional PSCell change). i.e. legacy behaviour and no specific UE requirement. 
S1_2: As in legacy PSCell change, the UE sends RRCReconfigurationComplete to the MN at execution of CPC when no SRB3 is configured and the MN informs the SN. i.e the complete message to MN includes an embedded complete message to the SN.
S1_3: The UE sends RRCReconfigurationComplete to the MN at configuration of CPC when no SRB3 is configured and the MN informs the SN. i.e. the complete message to the MN includes an embedded complete message to the SN.


RAN2#110e Agreements

2	the CPC capable UE must support maximum 8 candidate cells;
3	For CPC, introduce additional IOT bit (i.e. mandatory with capability) on the support of 2 trigger events for same execution condition. This feature is mandatory for UEs supporting CPC (as per definition of IOT bits).
5	Introduce capability bit (e.g. cpc-r16) to indicate the support of CPC;
6	For CHO/CPC, introduce separate capabilities FDD-to-TDD (and vice versa) CHO/CPC and FR1-to-FR2 (and vice versa) CHO/CPC;


Proposal 1: Adopt the general CPAC Rel.16 agreements shown in black in Table 1 as starting point for Rel. 17. The agreements shown in blue can be reconsidered for further discussion before reaching conclusions.
Some of the agreements made in Rel. 16 were targeting specifically Conditional PSCell Addition (CPA) or Change (CPC). These agreements are summarized in Table 2 below. The same colour codes apply.
				Table 2: Agreements specific to CPA or CPC 
RAN2#107bis Agreements:
1	For conditional PScell addition, the MN decides on the conditional PScell addition execution condition. The condition is defined by a measurement identity, given by a measurement configuration provided by the MN.
2	For conditional PScell change, execution condition may be decided by MN (MN-initiated) or SN (SN-initiated)
3	For conditional PScell change, A3/A5 execution condition should be supported while for conditional PScell addition, A4/B1 like execution condition should be supported.   
4     For conditional SN change, the source SN configuration can be used as the reference in   
       generation of delta signalling for the candidate SNs.  

RAN2#109 Agreements 
For PSCell addition:
1	The baseline operation for CPAC procedure assumes the RRC Reconfiguration message contains SCG addition/change triggering condition(s) and the RRC configuration(s) for candidate target PSCells. The UE accesses the prepared PSCell when the relevant condition is met.
2	Multiple candidate PSCells can be sent in either one or multiple RRC messages. 
3		As part of the CPAC configuration to be sent to the UE, the RRC container is used to carry candidate PSCell configuration, and the MN is not allowed to alter any content of the configuration from the PSCell. moreover, in case of SN change, source SN is not allowed to alter any content of the configuration from the target SN. 
4	Use add/mod list + release list to configure multiple candidate PSCells. 
5	CPAC execution condition and/or candidate PSCell configuration can be updated by modifying the existing CPAC configuration.
6	Reuse the RRCReconfiguration/RRCConnectionReconfiguration procedure to signal CPAC configuration to UE.

Proposal 2: Adopt the CPA and CPC Rel.16 agreements shown in black in Table 2 as starting point for Rel. 17. The agreements shown in blue can be reconsidered for further discussion before reaching conclusions.
3	Other Rel-17 Topics related to Conditional PSCell reconfigurations
This section briefly introduces other CPAC related aspects which have not been analysed in Rel-16, while we feel those may be potential problems – to be addressed in Rel-17.
3.1	SCG Failure due to CPC operation
In Rel-16 it was decided that the UE reports Failure Information towards the MN when CPC procedure fails, as per the following agreement:
	The content of FailureReportSCG for CPC procedure failure should include failureType, measResultFreqList and measuResultSCG-Failure. These parameters are set according to the exiting SCGFailureInformation procedure. (same as legacy)



However, quite many companies have found such approach (i.e. to reuse the legacy operation without any CPC-specific modifications) suboptimal and agreed to follow such path mainly due to the lack of time to specify more advanced mechanisms. Thus, in Rel-17 we suggest to reopen the topic and thoroughly consider what kind of CPC/CPA specific aspects can be reported in such Failure Information towards the MN. Please note that current framework allows to provide only the raw measurement results and indicate the legacy failure type (e.g. T310 expiry). As the reporting occurs towards the MN and MCG may not be aware of the CPC configuration, it would be desired to provide more details in such report.
Proposal 3: RAN2 is asked to discuss whether to specify additional SCG Failure Information components for CPC and CPA. 
3.2	PSCell Release to achieve UE power saving
As shown in section 10.4 of [3], the procedure for releasing the PSCell/SN is quite lengthy and requires multiple messages to be exchanged between the UE, MN and SN. In certain cases (e.g. for URLLC services) the encountered delay could be too long and the UE may experience a S-RLF (if PSCell Release or Change is not commanded in time). To mitigate such undesired failure scenario and when the SN/PSCell is not needed anymore, the UE can be prepared by the NW with a condition used for releasing the PSCell without further signalling with the SN, similarly to how CPC and CPA are/will be designed. How exactly this is handled (e.g. bearer remapping details) can be further discussed as a part of Rel-17 work.
Proposal 4: Study how to ensure the UE can mitigate the S-RLF if PSCell’s quality is deteriorating before it is released. 
3.3 	Achieving a faster CA setup time in RRC_CONNECTED
For a UE transiting from idle/inactive to connected, Rel-15 LTE and Rel-16 NR introduced the early measurement reporting (EMR as specified in DCCA Rel-16 WI), in order to speed-up CA set-up, configuration and activation improving overall latency of the setup procedure. A similar mechanism could also be applied for a UE in the connected mode in order to quickly add SCell(s) leading to latency gains and throughput improvement and further allowing additional gains for UE power saving.
Proposal 5: RAN2 to study CA setup improvements for UEs in connected mode.
3.4	Achieving a faster DC setup time in RRC_CONNECTED
CHO only supports measurement events for target PCell as part of conditional execution. During conditional execution it would be beneficial if the radio conditions of the PSCell are taken into account so that the SCG addition may be performed in a reliable manner, i.e. avoiding radio link failure. Moreover, it would also be desirable to add an SCG (among a potential candidate set of one or more PSCell(s)) as early as possible when the UE is performing CHO to allow the UE to enter dual connectivity immediately upon CHO. This requires extending the CHO feature for MR-DC deployments. 
Proposal 6:  RAN2 to study extending CHO feature to allow SCG addition in MR-DC deployments.
3.5	Faster DC setup time during CHO
In legacy CHO target node does not know the status of the measurements performed by the UE, related to target secondary cells. SN can be added by target PCell of handover only after 1) it configures the UE with measurement for PSCell and 2) obtains measurements which may take some time delaying the DC configuration. This delay in setting up the SN may cause loss in throughput and reliability of the radio link
Proposal 7:  RAN2 is asked to consider studying the options for speeding up SCell(s)/SN setup, in scenarios with or without mobility aspect taken into account.
3.6	Data Forwarding in Inter-SN CPC
In inter-SN CPC, a serving Secondary Node (SN) 1 has two options for triggering data forwarding to a target SN2. In option 1, the source SN initiates, upon configuring the UE with CPC, an early data forwarding to all SNs serving candidates PSCells. In option 2, the source SN initiates data forwarding to the selected target SN2 only when the UE completes the access to the target PSCell. In option 1, the early data forwarding ensures that the target SN2 has the data available when the UE completes the random access at the expense of an increase in signalling overhead over the Xn interface and an unnecessary processing/buffering of the forwarded packets by the non-accessed target SNs. On the other hand, the late date forwarding of option 2 addresses the drawbacks of Option 1 but causes an additional latency to user plane as data forwarding is initiated only after access to the selected target SN is completed. Therefore, RAN2 is asked to consider solutions that enable on-time data forwarding to the selected target SN and release, as early as possible, the prepared but non-accessed target PSCells. A cooperation with RAN WG3 on these matters is expected.
Proposal 8: RAN2 is asked to consider on-time data forwarding to the selected target SN in inter-SN CPC and release. A cooperation with RAN3 is required.
3.7	RRC Reconfiguration during CPC
In MR-DC, the UE continues to receive RRC Reconfiguration messages from the MN while executing CPC. It has been agreed in Rel. 16 that the UE should finalize the execution of the on-going CPC before processing the RRC Reconfiguration that is received from MN. In many cases, the RRC Reconfiguration received from MN may depend on the current SCG configuration before the CPC is executed, e.g., providing delta configuration, and consequently, the UE may fail to comply with RRC Reconfiguration leading to reconfiguration failure and re-establishment. RAN2 is asked to consider solutions that can avoid these unnecessary reconfiguration failures and re-establishment.
Proposal 9: RAN2 is asked to consider the avoidance of unnecessary re-establishment caused by applying an RRC reconfiguration, received via MN while CPC is executed. The UE may no longer comply with that configuration due to the change of SCG configuration.
3.8 	CPA and Conditional Handover 
In MR-DC, it is possible to configure dual connectivity as part of handover. This direct handover to dual connectivity allows the UE to start with dual connectivity immediately after handover instead of adding the SCG via another signalling procedure involving measurements and reconfiguration. With conditional handover, even though it is possible to have conditional reconfiguration containing SCG, it was not considered in Rel-16. One of the main issue raised was related availability of suitable measurements about SCG at early stage in source cell when CHO is prepared. Rel-17 CPAC functionality may also consider CPA after handover or CHO in a way that minimises the additional signalling and delay in setting up dual connectivity after handover.
Proposal 10: To improve the fast setup of dual connectivity after mobility, RAN2 is asked to consider solutions related to 1) CPA after CHO or 2) CHO with dual connectivity.
4	Conclusions
In this paper we discussed what agreements could be already agreed for Rel-17, starting with baseline agreements from Rel-16. Therefore, many of the Rel-16 do not need a re-discussion. There, our proposals are:
Proposal 1: Adopt the general CPAC Rel.16 agreements shown in black in Table 1 as starting point for Rel. 17. The agreements shown in blue can be reconsidered for further discussion before reaching conclusions.
	RAN#107 Agreements
1 	Support conditional NR PSCell addition/change and reusing the conditional HO solution being developed. Supported for any architecture option with NR PSCell.
2	From RAN2 perspective conditional NR PSCell change can be supported for both intra-SN and inter-SN.

RAN2#107bis Agreements:
1	Maintain Rel-15 principle that only one PScell is active at a time even with conditional PScell addition/change.

RAN2#108 Agreements
1    CPAC is defined as the UE having network configuration for initiating access to a candidate PSCell, either to consider the PSCell as suitable for SN addition or SN change including intra-SN change, based on configured condition(s).  
2.	Usage of CPAC is decided by the network. The UE evaluates when the condition is valid.
3.	Support configuration of one or more candidate cells for CPAC;
4.	Allow having multiple triggering conditions (using “and”) for CPAC execution of a single candidate cell. Only single RS type per CPAC candidate is supported. At most two triggering quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultaneously.  
5.	Define an execution condition for conditional PSCell change by the measurement identity which identifies a measurement configuration There is already an agreement for conditional PSCell addition
7.	Cell level quality is used as baseline for Conditional NR PSCell addition/change execution condition;
8.	Only single RS type (SSB or CSI-RS) per candidate PSCell is supported for PSCell change. 
9.	At most two triggering quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultaneously. 
10.	TTT is supported for CPAC execution condition (as per legacy configuration)
11.	UE is not required to continue evaluating the triggering condition of other candidate PSCell(s) during conditional SN execution. 
 12. SN decides on the condition for SN-initiated procedures and MN decides on the condition on MN-initiated procedures.
RAN2#109e Agreements (3.3.2020)
Proposals from offline discussion [AT1092] [215]:
S1_1:  While executing CPC procedure, the UE continues to receive RRC reconfiguration from the MN. However, the UE should finalise the ongoing CPC execution before processing the RRC message received from the MN (same as in the conventional PSCell change). i.e. legacy behaviour and no specific UE requirement. 
S1_2: As in legacy PSCell change, the UE sends RRCReconfigurationComplete to the MN at execution of CPC when no SRB3 is configured and the MN informs the SN. i.e the complete message to MN includes an embedded complete message to the SN.
S1_3: The UE sends RRCReconfigurationComplete to the MN at configuration of CPC when no SRB3 is configured and the MN informs the SN. i.e. the complete message to the MN includes an embedded complete message to the SN.
RAN2#110e Agreements
2	the CPC capable UE must support maximum 8 candidate cells;
3	For CPC, introduce additional IOT bit (i.e. mandatory with capability) on the support of 2 trigger events for same execution condition. This feature is mandatory for UEs supporting CPC (as per definition of IOT bits).
5	Introduce capability bit (e.g. cpc-r16) to indicate the support of CPC;
6	For CHO/CPC, introduce separate capabilities FDD-to-TDD (and vice versa) CHO/CPC and FR1-to-FR2 (and vice versa) CHO/CPC;



Proposal 2: Adopt the CPA and CPC Rel.16 agreements shown in black in Table 2 as starting point for Rel. 17. The agreements shown in blue can be reconsidered for further discussion before reaching conclusions.
	1	For conditional PScell addition, the MN decides on the conditional PScell addition execution condition. The condition is defined by a measurement identity, given by a measurement configuration provided by the MN.
2	For conditional PScell change, execution condition may be decided by MN (MN-initiated) or SN (SN-initiated)
3	For conditional PScell change, A3/A5 execution condition should be supported while for conditional PScell addition, A4/B1 like execution condition should be supported.   
4     For conditional SN change, the source SN configuration can be used as the reference in   
       generation of delta signalling for the candidate SNs.  
For PSCell addition:
1	The baseline operation for CPAC procedure assumes the RRC Reconfiguration message contains SCG addition/change triggering condition(s) and the RRC configuration(s) for candidate target PSCells. The UE accesses the prepared PSCell when the relevant condition is met.
2	Multiple candidate PSCells can be sent in either one or multiple RRC messages. 
3		As part of the CPAC configuration to be sent to the UE, the RRC container is used to carry candidate PSCell configuration, and the MN is not allowed to alter any content of the configuration from the PSCell. moreover, in case of SN change, source SN is not allowed to alter any content of the configuration from the target SN. 
4	Use add/mod list + release list to configure multiple candidate PSCells. 
5	CPAC execution condition and/or candidate PSCell configuration can be updated by modifying the existing CPAC configuration.
6	Reuse the RRCReconfiguration/RRCConnectionReconfiguration procedure to signal CPAC configuration to UE.



Proposal 3: RAN2 is asked to discuss whether to specify additional SCG Failure Information components for CPC and CPA. 
Proposal 4: Study how to ensure the UE can mitigate the S-RLF if PSCell’s quality is deteriorating before it is released. 
Proposal 5: RAN2 to study CA setup improvements for UEs in connected mode.
Proposal 6:  RAN2 to study extending CHO feature to allow SCG addition in MR-DC deployments.
Proposal 7:  RAN2 is asked to consider studying the options for speeding up SCell(s)/SN setup, in scenarios with or without mobility aspect taken into account.
Proposal 8: RAN2 is asked to consider on-time data forwarding to the selected target SN in inter-SN CPC and release. A cooperation with RAN3 is required.
Proposal 9: RAN2 is asked to consider the avoidance of unnecessary re-establishment caused by applying an RRC reconfiguration, received via MN while CPC is executed. The UE may no longer comply with that configuration due to the change of SCG configuration.
Proposal 10: To improve the fast setup of dual connectivity after mobility, RAN2 is asked to consider solutions related to 1) CPA after CHO or 2) CHO with dual connectivity.
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