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1. Introduction
The WID “Revised WID on Further Multi-RAT Dual-Connectivity enhancements” was approved at RAN#88e [1], of which the objectives are as follows:
	The objective of this work item is to specify enhancements to MR-DC related scenarios. At least the following topics should be considered in the work:

1. Support efficient activation/de-activation mechanism for one SCG and SCells 
· Support for one SCG  applies to (NG)EN-DC, and NR-DC [RAN2, RAN3, RAN4]
· Support for SCells applies to NR CA, based on RAN1 leading mechanisms [RAN1, RAN2, RAN4]
· This objective applies to FR1 and FR2


1. Support of conditional PSCell change/addition [RAN2,RAN3, RAN4]
· support scenarios which are not addressed in Rel-16 NR mobility WI


In this contribution, we will discuss the impacts on RAN3 for the support of conditional PSCell change/addition.
2. Background
Firstly we reviews the discussion in Rel-16 NR_Mob_enh-Core on the conditional PSCell addition/change mechanisms, which was introduced to solve SCG change robustness issue. In Rel-16, only SN initiated conditional intra-SN PSCell change without MN involvement is supported, and RAN2 also agreed some principles for other scenarios in R16 before RAN2#109. Some important RAN2 agreements in R16 is listed in Annex part.
In the Rel-17 WI discussion last meeting, RAN2 has the following agreements:
	· R2 assumes that the work Will follow what is in the WID, and initially focus on CPA and Inter-SN CPC
· R2 assumes for now that LTE SCG is not included. 


In our understanding, in order to progress, we can use these Rel-16 agreements as starting point in Rel-17 discussion, although they are not re-confirmed by RAN2 in R17 yet.
Observation 1: RAN2 Release 16 agreements and Rel-17 progress can be used as the starting point for RAN3 Rel-17 CPAC discussion.
[bookmark: _GoBack]Observation 2: RAN3 discussion of CPAC need to cover (NG) EN-DC and NR-DC.
In Rel-16 CHO, the CHO execution condition is decided by the source RAN for each candidate cell, the source RAN sends the HANDOVER REQUEST message including the Conditional Handover Information IE to the target RAN for each candidate target cell (indicated by the Target Cell Global ID IE). Then the Target RAN sends the HANDOVER REQUEST ACKNOWLEDGE message and include the Requested Target Cell ID IE and Maximum Number of CHO Preparations IE in the Conditional Handover Information IE to confirm the CHO preparation, or the Target RAN node includes the Requested Target Cell ID in the handover preparation failure message:
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Figure 1: CHO preparation, successful case
· The CHO Trigger IE indicates whether the source RAN triggers the CHO initiation or CHO replace. 
· The Target NG-RAN node UE XnAP ID IE is used to identify the UE, and it shall be present if the CHO Trigger IE is present and set to "CHO-replace".
· The Estimated Arrival Probability IE indicates the probability that the UE will handover to the candidate cell.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3. Discussion
3.1 Scenarios and Principles
In Rel-16, only “SN initiated intra-SN Conditional PSCell Change without MN involvement” is supported. To clarify the scope of conditional PSCell change/addition in R17, we need to discuss the scenarios to be support in Rel-17. Taking SN addition, SN modification (i.e. intra-SN PSCell change), and SN change in Rel-15 as baseline, the following scenarios should be supported in Rel-17 
· Conditional PSCell Addition (CPA)
· MN initiated inter-SN Conditional PSCell Change (CPC)
· SN initiated inter-SN Conditional PSCell Change (CPC)
· SN initiated intra-SN Conditional PSCell Change (CPC) with MN involvement
(Note that in Rel-15 the PSCell can only be decided/modified by SN so we exclude the MN initiated conditional intra-SN PSCell change case)
[bookmark: _Ref52123300]The scenarios to be supported in Rel-17 are: Conditional PSCell addition (CPA), SN initiated intra-SN CPC with MN involvement, SN initiated inter-SN CPC, and MN initiated inter-SN CPC.
According to the RAN2 R16 agreements, the network supports one or more candidate cells for CPAC. As shown in Figure 1 above, in CHO, only one candidate cell is prepared in one handover preparation procedure to reduce the impact on existing handover preparation. Therefore we think only one candidate PSCell is prepared in one CPAC procedure over Xn/X2 interface.
Only one candidate PSCell is prepared in one CPAC procedure over Xn/X2 interface.
In CHO, the same X2AP/XnAP ID pair can be reused for different candidate cell for the same UE, the Requested Target Cell IDs are used to differentiate CHO preparations for different candidate cells. Using same or different X2AP/XnAP ID pair is up to the network implement. In our understanding, CPAC also can use the same principles.
Same X2AP/XnAP ID pair can be reused to prepare different candidate PScell for CPAC.
In CHO, the target RAN will include the Requested Target Cell ID in the handover request acknowledge to confirm the corresponding CHO preparation. In R15&R16 MR-DC, the PSCell is decided by the (Target) SN, for CPAC we believe it should also the SN to decide the candidate PSCell. The mechanism to use Target Cell id to distinguish different CHO preparation cannot be reused, it is needed to introduce a new indicator (e.g. Candidate PScell Index) to distinguish the different CPAC preparation for the same UE.
Introduce a new indicator (e.g. Candidate PScell Index) to distinguish the different CPAC preparation for the same UE.
Same to the CHO, we think the SN can include the maximum number of Conditional PSCell preparations in the SN addition response message, then the MN will not initiate CPA procedures for the same UE towards the SN more than the indicated maximum number of Conditional PSCell preparations. 
Introduce maximum number of Conditional PSCell preparations from SN to MN.
According to the agreement of CPA and MN initiated inter-SN CPC in R16, the MN decides the CPAC execution condition, therefore the MN need to know the prepared candidate PSCell Identity corresponding to the received CG-Config from the SN addition response message in order to configure the CPAC execution condition for the prepared candidate PSCell. 
For the CPA and MN initiated inter-SN CPC, provide prepared candidate PSCell Identity from candidate SN to MN, to enable the MN to configure the CPA execution condition for the prepared candidate PSCell.
According to the agreement of SN initiated inter-SN CPC in R16, the SN decides the CPAC execution condition. We think the source SN may decide different execution condition for different candidate PSCell. Therefore the execution condition should not be carried in the RRCReconfiguration of the source SN because the source SN does not know which PSCell is decided by the candidate SN. In our understanding, the source SN sends the execution condition of the suggested candidate PSCell to the target SN via the MN, and the target SN configures the RRC configuration for the candidate PSCell. The candidate SN sends the execute condition and RRC configuration of candidate PSCell to the MN. Then the MN generate the conditional configuration message including the execution condition and SN RRC reconfiguration message of candidate PSCell. 
For the SN initiated inter-SN CPC, the source SN provides candidate PSCell Identity from source SN to candidate SN via MN. The candidate SN provides the execute condition and RRC configuration of candidate PSCell to the MN
In CHO, Source RAN node provides the Estimated Arrival Probability to the Target RAN node. In CPA, the MN can also provide such information to the SN in the SN addition request message, and as the MN may modify the estimated arrival probability when the MN initiates the modification, it is also needed to add such information in the SN modification request message. Note that it is also needed for SN initiated inter-SN CPC.
Introduce Estimated Arrival Probability as Conditional PSCell Information to trigger and update CPAC.
In CHO and DAPS, the Early Status Transfer message was introduced for the early data forwarding to reduce the interrupt time, and the CHO MR-DC Indicator IE was introduced in the XN-U ADDRESS INDICATION message to achieve the early data forwarding in CHO.  In our understanding, the CPAC can reuse these solutions for early data forwarding. Note that in case of MN initiated inter-SN CPC (FFS on which message to use), the MN will need to inform the source SN about CPC triggered, and then the source SN may triggers the Early Data Forwarding procedure.
Reuse the Early data forwarding message and the CHO MR-DC Indicator in the XN-U address Indication message to support the early data forwarding in CPAC.
In CHO of R16, the candidate RAN sends the handover success message including the requested Target Cell ID to the source RAN after the UE has accessed to the candidate cell. For CPAC, RAN2 is still discussing whether the UE will send one RRC message to the MN when the execution condition is fulfilled. Therefore whether the candidate SN needs to send the CPAC success to the MN depends on the progress of RAN2. In case it is needed, RAN3 needs to further discuss whether to reuse the HO Success procedure or introduce a new one.
Whether it is needed to send CPAC success from SN to MN depends on the progress of RAN2.
3.2 Signalling flows for CPA
In CHO, the HO request message is used to do the CHO initiation and CHO replace, in CPA, the SN addition procedure can be enhanced to support CPA initiation, the SN medication procedures can be enhanced to support CPA replace.
Figure 2 shows the procedures of CPA initiation, release and replace:
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Figure 2 CPA procedures, successful case
3.2 Signalling flows for MN initiated inter-SN CPC
For the MN initiated inter-SN change in R15& R16 MR-DC, the MN first sends the SN addition request message to the target SN and then sends the SN release request message to the source SN. In our understanding, the MN initiated inter-SN CPC can be supported by using CPA procedures together with existing MN initiated SN release procedure.
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Figure 3 MN initiated inter-SN CPC, successful case
 Support MN initiated inter-SN CPC by using CPA procedures together with existing MN initiated SN release procedure.
3.3 Signalling flows for SN initiated inter-SN CPC
For the SN initiated inter-SN PSCell change in R15& R16 MR-DC, the source SN first sends the SN change required message to the MN and then the MN sends the SN addition request message to the target SN. Therefore for SN initiated inter-SN CPC, the source SN need to include the Candidate PScell Index (to distinguish the different CPAC preparation), CPC Trigger (to indicate CPC initiation or CPC replace) and Estimated Arrival Probability in the S-NODE CHANGE REQUIRED message. 
Upon receiving the enhanced S-NODE CHANGE REQUIRED message (i.e. including Candidate PScell Index, CPC Trigger and Estimated Arrival Probability), the MN triggers the CPA procedures as mention in section 3.2, i.e. reuses the above conditional SN addition request message for the CPC initiation and reuse the above conditional SN modification request message for the CPC replacement. Note that the Candidate PScell Index and the max number of Conditional PSCell Preparation are also needed to be included in the S-NODE CHANGE CONFIRM message.
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Figure 4 SN initiated inter-SN CPC, successful case
Support SN initiated inter-SN CPC by using the Conditional S-NG-RAN node initiated S-NG-RAN node Change procedure and CPA procedure. 
3.4 Signalling flows for SN initiated intra-SN CPC with MN involvement
For the SN initiated intra-SN PSCell change with MN involvement in R15&R16, the use case may include changing the DU within the SN for the MN terminated SCG/Split bearer, and in such case the MN needs to perform PDCP data recovery, or PSCell change involving UE capability renegotiation. 
In our understanding, the procedure for this scenario can take SN initiated inter-SN CPC as baseline. Note that RAN2 has agreed to focus on CPA and inter-SN CPC in last meeting, thus we can first discuss other scenarios and see what needs to be done for SN initiated intra-SN CPC with MN involvement after RAN2 further progress. 
Deprioritize the scenario of SN initiated intra-SN CPC with MN involvement.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. CPAC in disaggregated architecture
2.1 Signalling flows for F1
In the CHO and CPC of R16, for the inter-DU mobility case, the CU sends the SpCell ID and the Conditional Inter-DU Mobility Information including the CHO Trigger and Target gNB-DU UE F1AP ID to the DU in the UE context setup request message to add the candidate cell. For the intra-DU mobility case, the CU sends the SpCell ID and the Conditional Intra-DU Mobility Information including the CHO Trigger and the Candidate Cells to Be Cancelled list in the UE context modification request message in order to add the candidate cell. For these procedures, the DU includes the Requested Target Cell ID in the UE context setup response and UE context setup failure to differentiate the procedure for different candidate cells. 
In the CHO and CPC of R16, the CU can initiate the modification of the candidate cell. The CU sets the CHO Trigger to “CHO-replace” in the UE context setup request message for inter-DU mobility case and in the UE context modification message for the intra-DU mobility case. The DU also can initiate the modification. The DU uses the  Candidate Cells To Be Cancelled List  in the UE context modification required message with a cause value “CHO-CPC resources to be changed” for the CU to re-trigger the adding of candidate cell.
In the CHO and CPC of R16, the CU can initiate the cancellation of candidate cell. The CU uses the Candidate Cells To Be Cancelled List in the UE context release command message for the inter-DU mobility case and in the UE context modification request message for the intra-DU mobility case. The DU also can initiate the cancellation. The DU uses the Candidate Cells To Be Cancelled List in the UE context release request message.
In the CHO and CPC of R16, the DU sends the access success message including the NR CGI to inform the CU of which cell the UE has successfully accessed. 
According to the discussion in [2], the network supports one or more candidate cells for CPAC. In R16 CHO and CPC, only one candidate cell is prepared in one procedure to reduce the impact on existing procedure. Therefore we think only one candidate PSCell is prepared in one CPAC procedure over F1/E1 interface. 
Only one candidate PSCell is prepared in one CPAC procedure over F1 interface.
In R16 CHO and CPC, the same F1AP pair can be reused for different candidate cell for the same UE, the Requested Target Cell IDs are used to differentiate CHO preparations for different candidate cells. Using same or different X2AP/XnAP ID pair is up to the network implement. In our understanding, CPAC also can use the same principles.
Same F1AP pair can be reused to prepare different candidate PScell for CPAC.
In our understanding, for R17 CPAC, the CU and DU also can initiate the adding/modification/ cancellation of candidate cell. We think R17 CAPC can reuse these existing IEs. Because the name of Conditional Inter-DU Mobility Information does not indicate the CPA, RAN3 only need to add the CPA case in the procedure description.
For F1AP in all the CPAC cases, reuse the existing IEs of R16 CHO and CPC. RAN3 only need to modify the procedure description.
2.2 Signalling flows for E1
As we known, the CU-UP does not know which cell is configured to the UE. In the CHO and CPC of R16, if the bearer context has existed in the CU-UP, the CU-CP does not need to inform the CU-UP when the CU-CP prepares the candidate cells for the UE. When the UE has accessed the candidate cell, the CU-CP sends the bearer context modification request message to the CU-UP if needed.
If the bearer context has not existed in the CU-UP, the CU-CP sends the bearer context setup request message including the CHO Initiation to the CU-UP. The bearer context setup request message indicates to ignore the included security context and not to initiate sending downlink packets until the UE successfully accesses. The CU-CP and CU-UP can initiate the modification/cancellation using the R15 message. When the UE has accessed the candidate cell, the CU-CP sends the bearer context modification request message to the CU-UP. 
For the early data forwarding of inter-CU-UP CHO, the CU-UP sends the early forwarding SN transfer message to the CU-CP.
For the R17 CPA, SN initiated inter-SN CPC, and MN initiated inter-SN CPC, we think the procedures is same to the procedures of R16 inter-CU-UP CHO (i.e. the bearer context has not existed in the candidate CU-UP). Therefore we think we can reuse the exiting IEs and procedures.
For the R17 SN initiated intra-SN CPC with MN involvement, as discussed in [2], we think there is no impacts on the ASN.1 of RAN3.
According to the TS 38.463, the procedure description of the bearer context setup request message and the early data forwarding SN transfer message only include the CHO case and does not include the CPAC cases. Therefore RAN3 need to modify some procedure description.
 For E1AP in all the CPAC cases, reuse the existing IEs and procedures of R16 CHO and CPC. RAN3 only need to modify the procedure description.
5. Proposals
Based on the discussion in this paper, we propose the following:
1. The scenarios to be supported in Rel-17 are: Conditional PSCell addition (CPA), SN initiated intra-SN CPC with MN involvement, SN initiated inter-SN CPC, and MN initiated inter-SN CPC.
Only one candidate PSCell is prepared in one CPAC procedure over Xn/X2 interface.
Same X2AP/XnAP ID pair can be reused to prepare different candidate PScell for CPAC.
Introduce a new indicator (e.g. Candidate PScell Index) to distinguish the different CPAC preparation for the same UE.
Introduce maximum number of Conditional PSCell preparations from SN to MN.
For the CPA and MN initiated inter-SN CPC, provide prepared candidate PSCell Identity from candidate SN to MN, to enable the MN to configure the CPA execution condition for the prepared candidate PSCell.
For the SN initiated inter-SN CPC, the source SN provides candidate PSCell Identity from source SN to candidate SN via MN. The candidate SN provides the execute condition and RRC configuration of candidate PSCell to the MN
Introduce Estimated Arrival Probability as Conditional PSCell Information to trigger and update CPAC.
Reuse the Early data forwarding message and the CHO MR-DC Indicator in the XN-U address Indication message to support the early data forwarding in CPAC.
Whether it is needed to send CPAC success from SN to MN depends on the progress of RAN2.
 Support MN initiated inter-SN CPC by using CPA procedures together with existing MN initiated SN release procedure.
Support SN initiated inter-SN CPC by using the Conditional S-NG-RAN node initiated S-NG-RAN node Change procedure and CPA procedure. 
Deprioritize the scenario of SN initiated intra-SN CPC with MN involvement.
Only one candidate PSCell is prepared in one CPAC procedure over F1 interface.
Same F1AP pair can be reused to prepare different candidate PScell for CPAC.
For F1AP in all the CPAC cases, reuse the existing IEs of R16 CHO and CPC. RAN3 only need to modify the procedure description.
 For E1AP in all the CPAC cases, reuse the existing IEs and procedures of R16 CHO and CPC. RAN3 only need to modify the procedure description.
The corresponding stage2 CRs are provided in [2] and [3].
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Annex – Release 16 RAN2 agreements
Agreements in RAN2#107b:
Agreements
1. We will prioritize work in SN-initiated PSCell change for conditional PSCell change.
1. Maintain Rel-15 principle that only one PScell is active at a time even with conditional PScell addition/change.
2	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.
3	For conditional PScell change, execution condition may be decided by MN (MN-initiated) or SN (SN-initiated)
4	For conditional PScell change, A3/A5 execution condition should be supported while for conditional PScell addition, A4/B1 like execution condition should be supported.   
5	For conditional SN change, the source SN configuration can be used as the reference in generation of delta signalling for the candidate SNs. 
Agreements in 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;
o	FFS how many candidate cells (UE and network impacts should be clarified). FFS whether the number of candidate cells for CPAC different from that of CHO.
5.	 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.  FFS on UE capability
6.	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;
g.	Only single RS type (SSB or CSI-RS) per candidate PSCell is supported for PSCell change. 
h.	At most two triggering quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultaneously. FFS on UE capability.
i.	TTT is supported for CPAC execution condition (as per legacy configuration)
8.	No additional optimizations with multi-beam operation are introduced to improve RACH performance for conditional PSCell addition/change completion with multi-beam operation.
9.	For FR1 and FR2, leave it up to UE implementation to select the candidate PSCell if more than one candidate cell meets the triggering condition. UE may consider beam information in this.
10.	UE is not required to continue evaluating the triggering condition of other candidate PSCell(s) during conditional SN execution. 

For PSCell addition:
4.	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.
a.	Multiple candidate PSCells can be sent in either one or multiple RRC messages. 
b.	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. 
c.	Use add/mod list + release list to configure multiple candidate PSCells. 
d.	CPAC execution condition and/or candidate PSCell configuration can be updated by modifying the existing CPAC configuration.
e.	Reuse the RRCReconfiguration/RRCConnectionReconfiguration procedure to signal CPAC configuration to UE.
FFS handling of conditional SN addition associated to the SN terminated bearer.

Agreements for CPAC configuration related proposals

2	For conditional PSCell addition, the MN transmits the final RRCReconfiguration/ RRCConnectionReconfiguration message to the UE, which includes the execution condition generated by the MN, and encapsulates the RRCReconfiguration provided by the candidate PSCells. FFS how the encapsulation is done exactly (can be considered in Stage-3)
3	SN decides on the condition for SN-initiated procedures and MN decides on the condition on MN-initiated procedures. 

FFS whether we need coordination on exact execution conditions or just measurements.
FFS whether source or target SN knows the condition
FFS in which exact cases the condition needs to be indicated

5	Both the execution condition and the configuration for the candidate PSCell (as a container) can be included in the RRCReconfiguration message generated by the SN for intra-SN conditional PSCell change initiated by the SN (without MN involvement).

6	SRB1 can be used in all cases. SRB3 may be used to transmit conditional PScell change configuration to the UE for intra-SN change without MN involvement.
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