[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #117-e	R2-2202777
 Online, Feb 21 – Mar 3, 2022 	

Agenda Item		:	8.2.3.2
Source		:	LG Electronics Inc.
Title		:	Discussion on CPAC related open issues
Document for		:	Discussion and Decision
1. Introduction
In this contribution, we discuss CPAC related open issues introduced in the offline email discussion [Post116bis-e][201][R17 DCCA] [1].
2. Discussion
#2. Coexistence between Rel-17 CPC (i.e. in MN RRC(Connection)Reconfiguration message) and Rel-16 CPC (i.e. in SN RRCReconfiguration message)
To support the coexistence between Rel-17 CPC and Rel-16 CPC, RAN2 needs to address the following potential issues:
i. Does the Rel-17 CPC procedure depend on the Rel-16 CPC procedure, and vice versa?
ii. Whether to need additional signalling between MN and SN for splitting/negotiating the total number of target cells between Rel-16 CPC and Rel-17 CPC
iii. What to do when candidate target cells between Rel-16 intra-SN CPC and Rel-17 intra-SN CPC are duplicated?
iv. What happens to both CPC triggering conditions are simultaneously satisfied?
v. What happens upon CPC execution for the other type of conditional configurations?

Since Rel-16 CPC and Rel-17 CPC are configured by different message (i.e. SN RRCReconfiguration message for Rel-16 CPC and MN RRC(Connection)Reconfiguration message for Rel-17 CPC), both UE and network can distinguish Rel-16 CPC and Rel-17 CPC. So, in our view, Rel-16 CPC and Rel-17 CPC procedures are independent each other in procedural aspects. On the other hands, there exists correlation between Rel-16 CPC and Rel-17 CPC in terms of the total number of target cells. For example, the network is constrained to configure a Rel-17 CPC with up to 3 target cells for the UE when the UE is already configured with the Rel-16 CPC with 5 target cells. Since the S-SN is involved in both Rel-16 CPC and Rel-17 CPC procedures, the S-SN can prevent the problem occurring in excess of the total number of target cells without additional inter node signalling. In the same context, the S-SN can resolve the duplicated candidate target cells between Rel-16 intra-SN CPC and Rel-17 intra-SN CPC. Therefore, the coexistence between Rel-16 CPC and Rel-17 CPC does not introduce additional inter-node signalling, which results in little effort on the specification.
Proposal 1: Support the coexistence between Rel-17 CPC (i.e. in MN RRC(Connection)Reconfiguration message) and Rel-16 CPC (i.e. in SN RRCReconfiguration message).

The SCG MRO can be enhanced by 1) selecting the target PSCell to which the UE will handover when both CPC triggering conditions are simultaneously satisfied or; 2) keeping other CPC configurations upon CPC execution when Rel-16 CPC and Rel-17 CPC are simultaneously configured for the UE. In our view, SCG MRO enhancement with multiple CPC configurations will be discussed in beyond Rel-16. However, due to lack of time in Rel-17, RAN2 needs to make consensus based on the legacy principle, which has less spec impact and may lead to little specification effort. For the case when both CPC triggering conditions are simultaneously satisfied, the target PSCell to which the UE will handover depends on the UE implementation as in principle of CHO. Similarly (i.e. following the legacy principle), the UE releases other CPC configurations upon CPC execution when Rel-16 CPC and Rel-17 CPC are simultaneously configured.
Proposal 2: In Rel-17, the target PSCell to which the UE will handover depends on the UE implementation when both CPC triggering conditions are simultaneously satisfied.
Proposal 3: In Rel-17, the UE releases other CPC configurations upon CPC execution when Rel-16 CPC and Rel-17 CPC are simultaneously configured.

#3. Coexistence between CHO and Rel-16 CPC, between CHO and Rel-17 CPC
In the RAN2#112e meeting, RAN2 made following agreements for Rel-17 CPAC [2]:
For CPA and MN initiated Inter-SN CPC, the MN generates and transmits the conditional configuration message (i.e. RRCReconfiguration/RRCConnectionReconfiguration message) to the UE.  The RRCReconfiguration provided by the candidate PSCell(s) is encapsulated in the final conditional reconfiguration message to the UE. The MN is not allowed to alter the RRCReconfiguration provided by the candidate PSCell(s).
Proposal 1: Option 1 should be used for the generation of conditional reconfiguration for SN initiated inter-SN conditional PSCell change. 
Option 1:	The MN generates CPC. The source SN sets the execution condition and communicates it to the MN. The MN generates the conditional reconfiguration message including the execution condition(s) provided by the source SN and RRCReconfiguration provided by the candidate PSCell(s). 
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.
Before we discuss FFS, RAN2 may need to confirm that the UE can be configured with both CHO and CPAC simultaneously.  In our view, the simultaneous configuration of CHO and CPAC may already happen in Rel-16 because SN initiated intra-SN CPC is configured without MN involvement. We do not see any serious problem or specification impacts in supporting the coexistence of CHO and CPAC configurations. Thus, RAN2 should be encouraged to support the coexistence of CHO and CPAC configurations.  
Proposal 4: Support the coexistence of CHO and CPAC configurations in UE.

To support the coexistence of CHO and CPAC configurations in UE, the following scenarios are on the table [3]:
	Scenario 1: the CHO and CPAC configuration are independent and the UE monitors the triggering conditions for the CHO and CPAC independently.
Scenario 2: a CHO configuration that contains an associated CPAC configuration.


If Scenario 2 is considered, RAN2 needs to discuss inter-node signalling for the coexistence of CHO and CPAC, which has large specification effort and spec impact on not only RAN2 work but also RAN3 work. This means that the Scenario 2 based coexistence is an immature topic to discuss when time for Rel-17 is running out. On the other hand, Scenario 1 based coexistence has less spec impact than Scenario 2 based one because Scenario 1 based coexistence doesn’t require inter-node signalling. In order to complete the relevant specification work in the Rel-17 timeframe, RAN2 should focus on Scenario 1 for Rel-17.
Proposal 5: The CHO and CPAC configuration are independent and the UE monitors the triggering conditions for the CHO and CPAC independently.

As in the previous section #2, RAN2 needs to address the following potential issues to support the coexistence of CHO and CPAC configurations in UE:
i. Whether to need additional signalling between MN and SN for splitting/negotiating the total number of target cells between Rel-16 CPC and Rel-17 CPC
· In our view, the issue i can be simply resolved by increasing the supported number of candidate cells, which is described in the section #4.
ii. What happens upon CHO/CPC execution for the other type of conditional configurations (i.e. CPC/CHO configuration)?
iii. What to do when candidate target cells between CHO and CPC are duplicated?
iv. What happens to both CHO and CPC triggering conditions are simultaneously satisfied?

For the issue ii, there are two options for the UE as follows:
Option-1: upon CHO/CPAC execution when CHO and CPAC are simultaneously configured, the UE releases another conditional configuration (i.e. CPAC/CHO configuration).
Option-2: upon CHO/CPAC execution when CHO and CPAC are simultaneously configured, the UE keeps another conditional configuration (i.e. CPAC/CHO configuration). The network may send the UE an updated configuration for the CHO/CPAC configuration that the UE keeps after CPAC/CHO execution.
As described in section #2, SCG MRO can be enhanced by keeping CPC configurations upon CHO execution if Option-2 is adopted. Based on Option-2, RAN2 may debate for a long time to reach consensus because updating outdated existing conditional configurations is not straightforward. On the other hand, Option-1 is simpler than Option-2 since the additional operation for keeping outdated existing conditional configurations is unnecessary. Hence, in our view, Option-1 leads to little specification effort so that RAN2 can finish the relevant work in the rest of the Rel-17 timeframe. 
Proposal 6: In Rel-17, upon CHO/CPAC execution when CHO and CPAC are simultaneously configured, the UE releases another conditional configuration (i.e. CPAC/CHO configuration).

The issue iii implies that, after CHO/CPC execution, the serving PCell/PSCell is the same as the candidate cells for CPC/CHO configuration when candidate target cells between CHO and CPC are duplicated. The network also needs to resolve this problem by updating the existing conditional configurations at the UE if Option-2 is adopted, otherwise the network does not take care of this problem because the problem from the issue iii never happens with Option-1.
For the issue iv, first of all, we think it is very rare that the CHO and CPC triggering conditions are met simultaneously. Moreover, the network is not involved in determining which procedure the UE will perform, i.e. the UE selects between CHO and CPC execution by UE implementation when the CHO and CPC triggering conditions are met simultaneously. In most cases, CHO will be preferred over CPC for a reasonable UE. If the UE decides to execute CPC and discard the CHO configuration, the UE may experience an MCG failure due to inability to perform PCell mobility in time. Even in this case, the MCG link is recovered by the MCG failure information procedure through the SCG link. In the opposite case (i.e. the UE experiences an SCG failure if the UE chooses CPC and discard the CHO configuration), the SCG failure information procedure through the MCG link can recover the SCG link.
Proposal 7: The UE selects between CHO and CPC execution by UE implementation when both CHO and CPC triggering conditions are simultaneously satisfied.

#4. Maximum number of CPC configurations
One issue to support the coexistence of CHO and CPAC configurations is to address the maximum number of candidate cells which the UE should support and to ensure that network configuration on CPAC should not exceed the UE capability. 
In our view, in all CPAC cases in Rel-17, the network can ensure that the CPAC configuration does not exceed the UE capabilities. This is because in those cases, MN can know the potential capability issue of a certain CPAC configuration and resolve it before sending the problematic configuration to the UE. This means, in turn, MN is required to generate the conditional reconfiguration for the UE. For example, while MN is preparing CPA after configuring CHO, if the MN finds out that there is a problem with the number of candidate cells, the MN can resolve the problem by CPA modification before sending it to the UE.
However, in the case of the SN initiated intra SN CPC scenario w/o MN involvement, the UE may be configured with CHO and CPC that exceeds the R16 UE’s capabilities. Currently, the R16 UE can only support up to 8 candidate cells for conditional mobility. Hence, if the total maximum number of candidate cells of the CHO and the CPC exceeds 8, unexpected error or failure could occur. 
To solve the problem of exceeding the capability, the simplest way is to extend UE capabilities, i.e. increasing the supported number of candidate cells from 8 to 16. Specifically, we propose the extended number of candidate cells is allocated to CHO and CPAC in a hard split manner (i.e. 8 candidate cells for CHO and 8 candidate cells for CPAC). We think this capability extension does not really burden the UE, in that Rel-16 UE is already capable of supporting much larger number of configuring measurement objects, measurement report configurations, and measurement IDs, as described in the clause 6.3.2 of TS 38.331 [4], which are somehow relevant to the capabilities of evaluating conditional mobility execution conditions. The capability extension only requires doubled memory for storing the candidate cell configurations.
Proposal 8. : UE supports up to 16 candidate cells for conditional mobility, where 16 candidate cells are distinguished by type of configuration, i.e., there are 8 candidate cells for CHO and 8 candidate cells for CPAC.

#5. Handling of different MCG configuration at CPC execution
In the meeting RAN2#115-e, RAN2 made the following agreements [5]:
	2a: [18/18] For NR-DC, reuse the condRRCReconfig field to contain both MCG and SCG re-configurations for each candidate PSCell configuration. I.e. the RRC message contained in the condRRCReconfig is in MN format, in which the RRC message generated by the candidate SN is encapsulated in a RRC container (e.g. mrdc-SecondaryCellGroup).
2b: [18/18] For (NG)EN-DC, reuse the condReconfigurationToApply field for (NG)EN-DC to contain both MCG and SCG re-configurations for each candidate PSCell configuration.  I.e. the RRC message contained in the condReconfigurationToApply is in MN format, in which the RRC message generated by the candidate SN is encapsulated in a RRC container (e.g. nr-SecondaryCellGroupConfig).


The agreements described in above mean that the RRC message contained in the condRRCReconfig/condReconfigurationToApply is in MN format, in which the RRC message generated by the candidate SN (i.e. in SN format) is encapsulated in a RRC container (e.g. mrdc-SecondaryCellGroup/nr-SecondaryCellGroupConfig).
In the current specification, the UE is reconfigured by the new MN RRC message with PSCell addition/change and then sends an RRCReconfigurationComplete with a new MN/MCG configuration. Since before CPA/CPC execution the UE may transmit RRC messages to the MN using the current RRC configuration, the MN should not discard the current RRC configuration after configuring the UE with a new MN RRC message with CPAC. In our view, configuring CPAC does not cause a burden on the network because generally the network is powered by wired line, which means the network is free from restrictions on power consumption compared to the UE, and has more powerful computing capability such as a powerful processor and a large memory than the UE. Therefore, we think the UE does not need to notify the network of CPAC execution before transmitting RRCReconfigurationComplete with newly applied MCG configuration. In addition, with powerful computing capability the network can easily distinguish whether a UE RRC message is newly applied MCG configuration or not by storing both old and new MCG configurations until CPAC execution. How the MN maintains both configurations and how the MN differentiate the configuration of UE RRC message are up to the network implementation.
Proposal 9: Upon CPAC execution, the UE sends RRCReconfigurationComplete message with newly applied MCG configuration to the MN.
Proposal 10: The MN should store both old and new MCG configurations until CPAC execution. How the MN maintains both configurations and how the MN differentiate the configuration of UE RRC message are up to the network implementation.

#7. Support for MN initiated CPC?
It was agreed that A3/A5 can be configured for CPC in RAN2#112e [2]:
For conditional PSCell change, A3/A5 execution condition should be supported while for conditional PSCell addition, A4/B1 like execution condition should be supported.
Note that we made the above agreement by inheriting the agreements for CPAC general procedure reached in RAN2#107bis and RAN2#108.
In MN-initiated inter-SN CPC, since the MN generates the final RRC message including the execution condition for CPC, the UE shall evaluate the execution conditions based on the signalling quality of current PCell and target PSCell if A3/A5 events are configured. This is not straightforward because the current PCell has nothing to do with SN mobility. We think this is a missing problem when adopting past agreements.
To resolve the problem described above, some companies would like to discuss how A3/A5 works in MN-initiated CPC. Before discussing, we need to remind the legacy principle, i.e., the UE evaluates the legacy A3/A5 without additional indication in MN-initiated SN change, implying that there is no need for A3/A5 enhancement to support MN-initiated inter-SN CPC. In addition, there is no benefit of supporting A3/A5 for MN-initiated CPC because SN-initiated CPC is sufficient if CPC should be configured due to mobility. Since additional inter-node signaling (e.g., forwarding measurement results for SN mobility from the SN to the MN) is required, it increases complexity for the MN to configure a threshold/offset of A3/A5 based inter-SN CPC. Therefore, we do not need to discuss A3/A5 enhancement for supporting MN-initiated CPC to follow the legacy principle.
Observation 1: There is no clear benefit of A3/A5 enhancement for MN-initiated CPC.
Proposal 11: In MN-initiated inter-SN CPC, the enhancement for A3/A5 is not needed.

3. Conclusion
In this contribution, we have the following observation and proposals:
Proposal 1: Support the coexistence between Rel-17 CPC (i.e. in MN RRC(Connection)Reconfiguration message) and Rel-16 CPC (i.e. in SN RRCReconfiguration message).
Proposal 2: In Rel-17, the target PSCell to which the UE will handover depends on the UE implementation when both CPC triggering conditions are simultaneously satisfied.
Proposal 3: In Rel-17, the UE releases other CPC configurations upon CPC execution when Rel-16 CPC and Rel-17 CPC are simultaneously configured.
Proposal 4: Support the coexistence of CHO and CPAC configurations in UE.
Proposal 5: The CHO and CPAC configuration are independent and the UE monitors the triggering conditions for the CHO and CPAC independently.
Proposal 6: In Rel-17, upon CHO/CPAC execution when CHO and CPAC are simultaneously configured, the UE releases another conditional configuration (i.e. CPAC/CHO configuration).
Proposal 7: The UE selects between CHO and CPC execution by UE implementation when both CHO and CPC triggering conditions are simultaneously satisfied.
Proposal 8: UE supports up to 16 candidate cells for conditional mobility, where 16 candidate cells are distinguished by type of configuration, i.e., there are 8 candidate cells for CHO and 8 candidate cells for CPAC.
Proposal 9: Upon CPAC execution, the UE sends RRCReconfigurationComplete message with newly applied MCG configuration to the MN.
Proposal 10: The MN should store both old and new MCG configurations until CPAC execution. How the MN maintains both configurations and how the MN differentiate the configuration of UE RRC message are up to the network implementation.
Proposal 11: In MN-initiated inter-SN CPC, the enhancement for A3/A5 is not needed.
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