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1. Introduction

New Rel-17 WID for further enhancements on MR-DC and CA has been approved in RP-193249 and revised in RP-201040, where one of objectives is to enhance beyond the Rel-16 SCG activation/de-activation:
2. Support of conditional PSCell change/addition [RAN2,RAN3]

· support scenarios which are not addressed in Rel-16 NR mobility WI

In this contribution, we analyze potential enhancements for this objective and provide our views. 
2. Discussion
2.1.   Rel-16 Conditional PSCell Change (CPC) and Limitations

The conditional PSCell change (CPC) refers to the change of PSCell in a conditional way, i.e., preparing and configuring multiple candidate PSCells to the UE in advance among which the UE accesses one satisfying configured conditions. 
In Rel-16, a SN was able to trigger CPC, but candidate PSCells were limited to cells served by itself (a.k.a. “intra-SN conditional PSCell change”). During this intra-SN CPC, MM may or may not be involved (i.e. RRC reconfiguration via MCG SRB or SRB3), but the MN was left oblivious as their execution conditions and candidate PSCell configurations are configured by the SN RRC message transparently to the MN. 

In addition, in Rel-16 or earlier, adding a PSCell could not be done in a conditional way. Namely, multiple candidate PSCells cannot be configured in advance during an SN addition procedure. 
Observation 1: During Rel-16 intra-SN CPC, MN was left oblivious as their execution conditions and candidate PSCell configurations are configured by the SN RRC message transparently to the MN.
Observation 2: In Rel-16 or earlier, only one PSCell could be configured from a SN during SN addition.
2.2.   Conditional SN Addition (CPA)
There is no doubt that we need to support SN addition procedure in a conditional way. 

In fact, this procedure itself (in Rel-16 or earlier) has been designed in a way that a SN selects a PSCell for the UE based on measurement results in the candidate cell info lists (in CGConfig-Info) provided from the MN. SN also considers a PCell IE included in the SN ADD REQ message to choose the one among neighboring cells of the PCell indicated.

From this sense, for conditional SN addition procedure (CPA), SN can be simply enhanced to select multiple candidate PSCells within the SN based on the same information.
Observation 3: Conventional SN Addition procedure has been designed in a way that a SN selects a PSCell for the UE based on measurement results in the candidate cell info lists (in CGConfig-Info) provided from the MN. A PCell IE included in the SN ADD REQ message is also considered to choose the one among neighboring cells of the PCell indicated.
Observation 4: For conditional SN Addition (CPA), SN can be simply enhanced to select multiple candidate PSCells within the SN based on the same info used for conventional SN addition.
Proposal 1: For CPA, the same info (measurement results in the candidate cell info lists in CGConfig-Info and a PCell IE) used for conventional SN addition is used to select multiple candidate PSCells. 
Then, the question would be how to configure multiple candidate PSCells to the UE. In general, we believe there are two options considering what we have done in Rel-16. 

·   Option 1 (similar to Rel-16 PCell CHO): an execution condition and configuration for a candidate PSCell is configured by the MN RRC message. For that, SN needs to provide, via the SN ADD REQ ACK message, (multiple) candidate PSCell configurations so that the MN can put together in its MN RRC message together with execution conditions.
·   Option 2 (similar to Rel-16 intra-SN CPC): an execution condition and configuration for a candidate PSCell is configured by the SN RRC message. In Rel-16 intra-SN CPC, such RRC reconfiguration message from SN was sent to the UE transparently to the MN. 

Option 1 is aligned with what we have agreed in the past (long time back during R2#107bis and R2#108, see Appendix). However, configuration details have been progressed for intra-SN CPC during Rel-16. Moreover, it is good to re-evaluate our past agreements given that they were made long time back and before details were concretized for Rel-16
If we stick to Option1, at least with respect to RRC, for (NG)EN-DC, we have to change LTE RRC spec to enable to include NR RRC reconfiguration message as for candidate PSCell configuration (and vice versa for NE-DC). Moreover, significant RAN3 impacts are foreseen since Option 1 was designed suitable for HO signalling structure. During HO, the source explicitly requests handover for one target cell for which the target provides cell-specific HO CMD to the source via the HO REQ ACK message. For CHO, such HO preparations are parallelly performed for each and every candidate target cell. 
However, SN addition procedure has been designed differently than HO in a way that SN selects PSCell or SCG SCells among candidates and provides one container for whole SCG configuration to the MN, which is neither cell-specific nor required to be interpreted by the MN. To ensure Option 1, SN should be able to toss multiple PSCell configurations via the SN ADD REQ ACK message and to inform the associated candidate PSCell information for each, in order for the MN to generate the corresponding execution condition.  

On the other hand, Option 2 (Rel-16 intra-SN CPC approach) does not incur any impact on RRC. Moreover, it can be made to abide by the past agreement that MN decides on execution condition for conditional PSCell addition, with small impacts on RRC. Namely, MN can forward execution conditions for cells in the candidate cell info lists via CGConfig-Info, for which SN can simply configure the forwarded execution condition together with the corresponding PSCell configuration in its SN RRC message (if the associated cell was selected as a candidate PSCell). Moreover, this option also allows SN to overwrite execution condition if necessary.
Based on the above analysis, we believe that Option 2 is a better approach with respect to configuration of multiple candidate PSCells to the UE, having less impacts on RRC and RAN3 signallings. 

Observation 5: Configuring CPA by SN RRC (similar to Rel-16 intra-SN CPC) incurs less impacts on RRC and RAN3 signallings compared to configuring CPA by MN RRC (similar to Rel-16 PCell CHO).  
Observation 6: Though our past agreements are more aligned with the latter, the former can be adapted to the agreement that MN decides execution condition for CPA with small impacts on RRC. 

Observation 7: Moreover, it is good to re-evaluate our past agreements given that they were made long time back (during R2#107bis and R2#108) and before details were concretized for Rel-16.

Proposal 3: CPA configuration is done by SN RRC (similar to Rel-16 intra-SN CPC).
Proposal 4: To abide by agreement that MN decides on execution condition for CPA, enhance RRC such that MN can forward execution conditions for cells in candidate cell info lists via CGConfig-Info.
2.3.   CPA with multiple secondary nodes

So far, we have considered conditional PSCell addition with only one SN. However, measurement results from the UE are not provided per node basis. They are provided per cell basis, and (strong candidate) cells may lie across multiple secondary nodes.
Observation 8: Measurement results from the UE are not provided per node basis. They are provided per cell basis, and (strong candidate) cells may lie across multiple secondary nodes.

Proposal 5: Support CPA with multiple secondary nodes.

The overall procedural flow for such CPA with multiple secondary nodes can be as follows:
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Figure 1: Conditional PSCell Addition with multiple secondary nodes 
Then, CPA configuration prepared by each SN is configured to the UE. In this case, NW should make sure that conditional reconfiguration IDs used by each SN (for candidate PSCell configurations and execution conditions) are not overlapped. Some form of ID coordination is inevitable. 
For that, we don’t need a complicated ID coordination. The MN can simply provide a range of conditional reconfiguration IDs to be used by a SN in the SN ADD REQ message. This essentially controls how many candidates can be prepared by a SN, but it has to be anyway given that the ID space is limited (only up to 8 conditional reconfigurations are possible for a UE). 
Note that the Rel-16 intra-SN CPC did not require ID coordination since all the candidate PSCells were limited to “intra-SN” – the current serving SN could be left fully responsible as it was the only NW node that configures execution conditions and candidate PSCell configurations to the UE.
Observation 8: For CPA with multiple SNs, NW should make sure that conditional reconfiguration IDs used by each SN (for candidate PSCell configurations and execution conditions) are not overlapped.
Observation 9: No complicated ID coordination is necessary. MN can simply provide a range of conditional reconfiguration IDs to be used by a SN in the SN ADD REQ message. 

Observation 10: Rel-16 intra-SN CPC did not require ID coordination since all the candidate PSCells were limited to “intra-SN” – the current serving SN could be left fully responsible as it was the only NW node that configures execution conditions and candidate PSCell configurations to the UE.

Proposal 6: For CPA with multiple SNs, MN indicates a range of conditional reconfiguration IDs to be used by a SN in the SN ADD REQ message. 
3. Conclusion
In the present contribution we make the following observations:

Observation 1: During Rel-16 intra-SN CPC, MN was left oblivious as their execution conditions and candidate PSCell configurations are configured by the SN RRC message transparently to the MN.

Observation 2: In Rel-16 or earlier, only one PSCell could be configured from a SN during SN addition.

Observation 3: Conventional SN Addition procedure has been designed in a way that a SN selects a PSCell for the UE based on measurement results in the candidate cell info lists (in CGConfig-Info) provided from the MN. A PCell IE included in the SN ADD REQ message is also considered to choose the one among neighboring cells of the PCell indicated.

Observation 4: For conditional SN Addition (CPA), SN can be simply enhanced to select multiple candidate PSCells within the SN based on the same info used for conventional SN addition.

Observation 5: Configuring CPA by SN RRC (similar to Rel-16 intra-SN CPC) incurs less impacts on RRC and RAN3 signallings compared to configuring CPA by MN RRC (similar to Rel-16 PCell CHO).  

Observation 6: Though our past agreements are more aligned with the latter, the former can be adapted to the agreement that MN decides execution condition for CPA with small impacts on RRC. 

Observation 7: Moreover, it is good to re-evaluate our past agreements given that they were made long time back (during R2#107bis and R2#108) and before details were concretized for Rel-16.

Observation 8: Measurement results from the UE are not provided per node basis. They are provided per cell basis, and (strong candidate) cells may lie across multiple secondary nodes.

Observation 8: For CPA with multiple SNs, NW should make sure that conditional reconfiguration IDs used by each SN (for candidate PSCell configurations and execution conditions) are not overlapped.

Observation 9: No complicated ID coordination is necessary. MN can simply provide a range of conditional reconfiguration IDs to be used by a SN in the SN ADD REQ message. 

Observation 10: Rel-16 intra-SN CPC did not require ID coordination since all the candidate PSCells were limited to “intra-SN” – the current serving SN could be left fully responsible as it was the only NW node that configures execution conditions and candidate PSCell configurations to the UE.

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: For CPA, the same info (measurement results in the candidate cell info lists in CGConfig-Info and a PCell IE) used for conventional SN addition is used to select multiple candidate PSCells. 

Proposal 3: CPA configuration is done by SN RRC (similar to Rel-16 intra-SN CPC).

Proposal 4: To abide by agreement that MN decides on execution condition for CPA, enhance RRC such that MN can forward execution conditions for cells in candidate cell info lists via CGConfig-Info.
Proposal 5: Support CPA with multiple secondary nodes.

Proposal 6: For CPA with multiple SNs, MN indicates a range of conditional reconfiguration IDs to be used by a SN in the SN ADD REQ message.  

4. Appendix – RAN2 agreements for CPAC during Rel-16
RAN2#110:

Agreements

2
Fast MCG recovery and CHO coexistence is not optimized any further during Rel-16 (i.e. it is not supported and we take no actions in the CR anymore).

3
Changes related to SN release upon CHO execution are not pursued in Rel-16.

1
Change the CHO-related text in TS 38.300 (section 9.2.3.4.1) and say the evaluation is stopped when ‘handover is triggered’, not when ‘the execution condition is met’ (as proposed in R2-2005344). Can discuss the exact wording.

4
TS 37.340 (section 10.6.1, for conditional PSCell change) is modified by stating the UE stops evaluating the execution conditions once ‘PSCell change is triggered’, instead of once ‘the execution condition is met.

5
Modify conditionalReconfiguration field description by adding a restriction CPC configuration cannot be provided in the legacy PSCell change command.

7
In case of SRB3, the UE does not send a CPC (RRC Reconfiguration) complete message to the source PSCell (SN) upon CPC execution.

· Agreement 1 will be merged to 38.300 CR (post-meeting email discussion for 1 week)

· Agreement 4 will be merged to 37.340 CR (post-meeting email discussion for 1 week)

RAN2#109bis:

Agreements

1
The UE does not inform the MN when CPC execution condition is fulfilled and the UE starts executing CPC, when CPC configuration is provided over SRB3.

2
A threshold parameter is not introduced to determine PCell quality for execution of CPC.

3 
Upon transmission of SCG failure information to the network, the UE stops evaluating the CPC execution criteria according to the current CPC configuration until a response is received from the network.

4 
Whether the UE continue measurements for candidate PSCells configured for execution condition upon CPC failure is left to the UE implementation.

5
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)

7
Use ULInformationTransferMRDC instead of RRCReconfigurationComplete message to inform the network of CPC execution when no SRB3 is configured and the MN informs the SN, i.e. ULInformationTransferMRDC message to MN includes an embedded RRCReconfigurationComplete message to the SN. This applies to both NR MN and LTE MN. (change of previous agreement).

Agreements

1   If CPC configuration is not released by network, the UE autonomously releases the stored CPC configuration upon the SCG release. 

2
measID and reportConfig associated with CPC config, and measObject(s) only associated to CPC shall be autonomously removed by UE when SCG is released.

4
Support of CPC configuration (CPC condition + CPC reconfiguration) in legacy HO command or CPC configuration in CPC configuration should not be considered in Rel-16. 

· Companies can discuss in RAN3 if there is any issue for the case where multiple candidate PSCells are configured in one gNB-DU. No RAN2 actions identified so far.

RAN2#109:

Agreements (3.3.2020)

1)  Similar to CHO, the following applies to CPC-intra-SN configuration


- Reuse the RRCReconfiguration/RRCConnectionReconfiguration procedure to signal CPC-intra-SN configuration to UE.


-  The MN is not allowed to alter any content of the configuration from the SN which is carried in an RRC container.


-  Multiple candidate PSCells can be sent in either one or multiple RRC messages.


-  Use add/mod list + release list to configure multiple candidate PSCells.


- CPC-intra-SN execution condition and/or candidate PSCell configuration can be updated by the SN (i.e. by modifying the existing CPC-intra-SN configuration).

2) Once the CPC-intra-SN procedure is executed successfully, the UE releases all CPC-intra-SN configurations stored on the UE side.

3) Upon the successful completion of conventional PSCell change procedure, the UE releases all CPC-intra –SN configurations.

4) The SCG failure information procedure can be used for CPC-intra-SN procedure failure (due to RLF, T304-like timer expiry or compliance check failure).

6) If SRB3 is not configured, the UE first informs the MN that the message has been received. Then the UE needs to provide the CPC complete message to the SN via the MN upon CPC execution.

7) CPC reuses the IE defined for CHO. The field name of the IE could be changed to reflect that the IE is used for both CHO and CPC.

· P4: FFS on SCG failure reporting contents. Discuss CPC failure separately.

· P7: The details of the signalling can be discussed and there can be some differences.

FFS: 5)  In case of SRB3, the MN is not informed of CPC-intra-SN execution by the UE.

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.

Agreements (3.3.2020)

S1_4. Upon RLF on PCell during the execution of Conditional PSCell change for intra-SN change without MN involvement, the UE supports the Rel-16 MR-DC procedures, i.e. performs connection re-establishment procedure without any fast MCG link recovery.

S1_5:
Support of CHO and CPC-intra-SN configuration simultaneously is not considered in Rel-16. Leave it up to the network solution to ensure there is no simultaneous CHO and CPC configuration. 

S2_6:  Reconfirm the use of SCG failure information upon declaring SCG failure in the procedure of the conditional PSCell change.

· S1_5: UE may treat this as an error case (and trigger re-establishment). We do not specify UE behaviour but will specify that if CHO is configured, network should not configure CPC.

· Up to RAN3 how to ensure no simultaneous CHO+CPC (e.g. OAM, etc.).

· RAN2 assumes this issue can be raised by companies in RAN3.

· Chair will ask RAN3 chair if this would require LS (assumption is no).

Agreements (3.3.2020)

S2_7. When the conditional PSCell configuration received over SRB3 is invalid, UE initiates SCG failure information procedure to report to the MN about the SN change failure due to invalid configuration (legacy procedure).

S2_9. Like CHO, UE shall follow the below procedures for handling the T310 and T304 timers during conditional PSCell addition/change procedure for EN-DC, NGEN-DC, NR-DC cases:

•
UE shall not stop MN T310 or SN T310 and shall not start T304 when it receives configuration of a CPC-intra-SN 

•
The timer T310 (SN only in case of SN Change) is stopped and timer T304-like is started when the UE begins execution of a CPC-intra-SN. 

S3_11. UE checks the validity of conditional PSCell change execution criteria configuration immediately on receiving the conditional PSCell change RRC Reconfiguration message, either embedded in the MN RRC message over SRB1 or received over SRB3 (same as CHO).

S3_12. Introduce no specification changes regarding compliance checking of embedded Reconfiguration message containing configuration of conditional PSCell candidate (same as for CHO).

· S3_11: Change execution criteria refers to the measID used for triggering CPC.

Agreements (3.3.2020)

S2_8. If UE cannot comply with the embedded PSCell configuration for intra-SN Change, UE performs connection re-establishment procedure or actions upon going to RRC_IDLE (legacy procedure).
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.

· There are some concerns whether this topic can be finished in Rel-16.

· Limit to intra-SN change without MN involvement (i.e. no MN reconfiguration or decision needed but SRB1 can be used) in Rel-16. Other cases may be discussed in later releases if WID is agreed. 

RAN2#107b:

Agreements

0 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. 
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