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1	Introduction
[bookmark: _Ref178064866]In RAN2#106, the following email discussion was agreed [1]:
[108#66][LTE NR Mob] Open issues for LTE and NR mobility (Intel)
Collect remaining open issues (for the whole WID) and disucss if some can be resolved over email. Can have two phases to first, one to resolve existing issues where possible and second to collect other issues to resolve in the next meeting. Resolve dissues should be input to running CR discussion(s)
	Intended outcome:  Email discussion report + input to running CRs on agreeable issues
	Deadline: 2020-01-30 

After a first phase, a set of proposal were made for issues that did not seem controversial. These proposals seem agreeable. In a second phase, rapporteur added further questions. In this paper, we have identified further issues not yet discussed where decisions or, at least some clarifications are required.
2	Discussion
2.1	Autonomous removal of CHO related measConfig
Same measId for CHO and measurement reporting?
In [108#66][LTE NR Mob] companies agreed on the issues related to the UE keeping stored CHO related measurement configuration (e.g. measId(s) whose associated reportConfig has reportType set to cho-TriggerConfig) in VarMeasConfig in various scenarios, such as during CHO execution. 
[bookmark: _Toc32335080]Almost all companies seem to agree that measID and reportConfig associated with CHO config shall be removed when CHO configuration is autonomously removed.

In the running CR, this is currently captured as follows:
***************************************************************************************************************************
[bookmark: _Toc20425700][bookmark: _Toc29321096]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 handover:
[...]
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;
[…]
2>	if the reconfigurationWithSync was included in spCellConfig of an MCG:
[…]
3>	for each measId, if reportType of the measId’s associated reportConfig is cho-TriggerConfig:
4>	remove the entry with the matching measId from the measIdList within the VarMeasConfig;
4>	remove the measurement reporting entry for this measId from the VarMeasReportList, if included;
***************************************************************************************************************************
Part of the related text implementing that aspect in the running CR specifies that the UE shall remove the measurement reporting entry for this measId from the VarMeasReportList, if included. However, in order to have a reporting entry in VarMeasReportList the measId would need to be associated to a reportConfig whose reportType is set to e.g. periodical or eventTriggered. Hence, if a measId has a reportConfig whose reportType is set to cho-TriggerConfig it may not have a reporting entry. A similar sentence also appears in the re-establishment procedure (see 5.3.7.3), in the suspend procedure (see 5.3.8.3) and in the release procedure (see 5.3.11).
[bookmark: _Toc32329344][bookmark: _Toc32504569]Update running CR according to the understanding that a measId with associated reportConfig whose reportType is set to cho-TriggerConfig may not have a reporting entry in VarMeasReportList.
We suspect that the text is implementing a proposal (that we could not find an associated agreement) that it should have been possible to configure measurement reports in the same reportConfig for CHO (hence, same measId could have associated report entries). We acknowledge that there is a benefit in configuring the UE to report measurement in a frequency F0 (associated measObject(0)) for which the UE is monitoring CHO cells e.g. to enable the network to find new CHO target candidates in that frequency and/or simply trigger a handover. However, that can be achieved without changes to the running CR by the configuring the following:
· measId-1 with reportConfig=cho-TriggerConfig for measObject(0), pointed in the CHO configuration;
· measId-2 with reportConfig= EventTriggerConfig for measObject(0);

Removal of measObject(s) configured only for CHO
The reason to let the UE autonomously remove the measId(s) and reportConfig(s) associated to CHO e.g. in HO execution, was to avoid restrictions to network implementation of CHO. In a possible network implementation, for example, a source gNB may decide to configure CHO for a target candidate cell-X (in frequency F0), possibly but not necessarily, based on measurement reports associated to cells in F0. At the moment the decision is made, the UE may not have measId(s)/reportConfig(s) whose reportType is set to cho-TriggerConfig.
[bookmark: _Toc32335081]When source gNodeB decides to configure CHO, the UE may not have measId(s)/reportConfig(s) whose reportType is set to cho-TriggerConfig.
Hence, at the moment a decision is made, the source gNodeB should contact the target candidate gNodeB to request a CHO configuration, where the request includes the UE’s current configuration. And, as the UE at that point does not have measId(s)/reportConfig(s) yet whose reportType is set to cho-TriggerConfig, the message prepared by the target candidate (i.e. the target candidate RRCReconfiguration to be later introduced in the container for CHO configuration) should be a delta signalling on top of UE’s current configuration without considering these. However, when the source gNodeB receives that target candidate RRCReconfiguration it needs to associated to the CHO measurement configuration i.e. measId(s)/reportConfig(s) with reportType set to cho-TriggerConfig. For that reason, almost all companies in the email discussion [108#66][LTE NR Mob] seemed to acknowledge that to avoid restrictions to network implementation, the UE shall autonomously remove measId(s)/reportConfig whose reportType is set to cho-TriggerConfig.
[bookmark: _Toc32335082]There is reasonable consensus in [108#66][LTE NR Mob] that the UE shall autonomously remove measId(s)/reportConfig(s) whose reportType is set to cho-TriggerConfig upon suspend/release, CHO/HO execution and re-establishment.

Even though companies have agreed that CHO related measId(s) and reportConfig(s) shall be autonomously removed in certain procedures (e.g. re-establishment, CHO/HO execution and release/suspend) there were no discussions related to a measurement object associated to CHO configurations. In our view, a very similar issue may occur. 
If a source gNodeB wants to configure an inter-frequency CHO target candidate for a given UE (without necessarily having received inter-frequency measurements for that frequency). That may be the case if the network is for example able to estimate the quality of a frequency F-Y based on reports of a frequency F-X (a possible network implementation in live networks).
In that case, at the time the source gNB needs to contact a target candidate gNB, the UE is not configured with any measurement object for F-Y. Hence, that measObject is not part of the UE’s current configuration. For the same reason it has been agreed that the UE shall autonomously delete the reportConfig(s) and measId(s) related to CHO, the UE shall also autonomously remove the measObject(s) that are only linked to CHO configurations. 
[bookmark: _Toc32329345][bookmark: _Toc32504570]UE shall autonomously remove measObject(s) only associated to CHO upon suspend/release, CHO/HO execution and re-establishment.
One could argue that this could be solved with implementation, but the solution is very inefficient: it introduces signalling and latency in the whole CHO configuration, as shown in the figure below:
[image: ]
2.2	CHO and MR-DC
Since Rel-15 various forms of Dual Connectivity (DC) have been introduced (MR-DC). CHO has typically been discussed in the context of a single connectivity (except for conditional PSCell addition/change) i.e. RAN2 needs to discuss if the following cases are supported:
· Case 1) UE operating in MR-DC receives a CHO configuration (from MN, so this is not about PSCell change, but about handover);
· Case 2) UE monitoring CHO conditions is configured to start operating in MR-DC (e.g. SCG addition).
· 
In our view cases 1 and 2 improves reliability in DC scenarios. If a UE has CHO configurations for target candidates of the MN, an MCG-RLF could be prevented, which could prevent a re-establishment procedure. 
[bookmark: _Toc32329348][bookmark: _Toc32504571]UE can be configured with CHO while operating in MR-DC.
[bookmark: _Toc32329349][bookmark: _Toc32504572]UE can be configured with SCG addition while monitoring CHO configurations.

Conditional HO with the target MN candidate releasing SN
In the legacy case a target MN receives a Ho request and, upon realizing that the UE is operating in MR-DC, decides not to configure MR-DC after the handover. This is summarized in the following flow chart:


In the CHO case, a source MN decides to configure CHO for a UE operating in MR-DC. That source MN sends a request to a target candidate MN (Handover Request including UE’s current configuration (e.g. SN related configurations like measConfig, bearers, SCG configurations) that decides not to configure the SN in CHO. 
One solution is that the target candidate MN explicitly signals to the UE in its RRCReconfiguration the mrdc-SecondaryCellGroupConfig field set to release (leading to the release of SN-related measConfig, SRB3 and SCG configurations), as specified in clause 5.3.5.10. In addition the target MN candidate wou8ld need to signal the SN terminated bearers to be deleted, which requires the source Mn to include then in the UE’s current configuration. A consequence is that there needs to be two CHO network implementations, one for the case the UE is operating in MR-DC and another for the case the UE is not operating in MR-DC. 
An alternative solution is that upon CHO execution the UE autonomously performs an MR-DC release (which includes the release of SN-related measConfig, SRB3 and SCG configurations), as specified in clause 5.3.5.10 and the release of SN terminated bearers. An advantage compared to the previous solution is that the target MN does not have to have different CHO implementations, one for the case the UE is operating in MR-DC and another for the case the UE is not operating in MR-DC.
***************************************************************************************************************************
[bookmark: _Toc20425724][bookmark: _Toc29321120]5.3.5.10	MR-DC release
The UE shall:
1>	as a result of MR-DC release triggered by E-UTRA or NR:
2>	release SRB3, if established, as specified in 5.3.5.6.2;
2>	release measConfig associated with SCG;
2>	if the UE is configured with NR SCG:
3>	release the SCG configuration as specified in clause 5.3.5.4;
2>	else if the UE is configured with E-UTRA SCG:
3>	release the SCG configuration as specified in TS 36.331 [10], clause 5.3.10.19 to release the E-UTRA SCG;
************************************************************************************************************************

Even if UE autonomous release of MR-DC configurations and SN terminated bearers are defined, there is still some differences in the inter-node procedure compared to the legacy case. For example, in steps 3a/3b in the figure above the S-MN sends an SN Release Request to the S-SN, while in the CHO case, that should only be done upon CHO execution. And, as the S-MN is typically aware of CHO execution when it receives a UE Context Release Request from the target MN, that would be the typical timing it would release the S-SN. 

Conditional HO with/without SN change
Here in the legacy case a target MN receives a HO request and, upon realizing that the UE is operating in MR-DC, decides to configure MR-DC after the handover, e.g., with the same SN. This is summarized in the following signalling diagram:


If an equivalent procedure would be defined for CHO, the source MN would decide a target candidate MN, that could decide to keep the source SN. In that case, an (conditional) SN Additional Request would be transmitted, so the SN is aware that the UE may not change within few hundred milliseconds (in fact it may take longer or not even perform the procedure) i.e. it should be prepared to get cancelled too. This would have RAN3 impact.
Then, target candidate MN would provide the source MN with its RRCReconfiguration. And, as in the previous case, the source MN cannot perform steps 5a/5b until the CHO execution is performed since the UE should continue operating with the SN (i.e. in MR-DC) while monitoring CHO conditions. As in the previous case, most likely the S-MN can only perform these steps after CHO execution e.g. upon receiving a UE context release request from the target MN the UE selects during CHO execution. 
As in the previous case, to make the procedure work properly some RAN3 work would need to be done in one or two meetings. Hence, to simplify the work and have a decent solution, we suggest that potential impact to other WGs like RAN3 are minimized at this stage, so we avoid inter-node support for the feature in Rel-16. Instead, we could simplify the procedure i.e. if the UE is configured with MR-DC and executes CHO, it deletes MR-DC related configurations and SN terminated bearers.

[bookmark: _Toc32329350][bookmark: _Toc32504573]Upon CHO execution the UE performs MR-DC release and the release of SN-terminated bearers.
[bookmark: _Toc32329351][bookmark: _Toc32504574]No RAN3 changes are introduce to support CHO configuration while operating in MR-DC.

2.3	CHO and Resume 
In the email discussion [108#66][LTE NR Mob] it seems all companies agreed that upon release or suspend (i.e. when UE enters RRC_IDLE and RRC_INACTIVE) the UE shall delete CHO related configurations. One of the reasons
[bookmark: _Toc32335083]All companies agreed in [108#66][LTE NR Mob] that the UE shall release CHO related configuration when entering RRC_INACTIVE and RRC_IDLE.

A remaining question not addressed in the email discussion was how the UE may be configured with CHO during a transition from RRC_INACTIVE to RRC_CONNECTED. One solution is to first let the UE resume i.e. UE transmits an RRCResumeRequest after random access, receives an RRCResume, and transmits an RRCResumeComplete. Only then, the network transmits an RRCReconfiguration message containing an cho-Config. That would be needed even though a network implementation may know upon receiving an RRCResumeRequest and identifying the UE that it wants to configure CHO, which is a waste of signalling and introduces additional delay to the CHO configurations. It is also worth noticing that RRCResume is almost as powerful as an RRCReconfiguration in terms of what can configured, such as measConfig, and it is also encrypted and integrity protected. 
[image: ]
One may argue that if target candidates are in another gNodeB this would introduce latencies. Well, same argument could be used in the Rel-16 MR-DC enhancements discussions where an SCG may be resumed with an RRCResume, under the assumption that a sensitive network implementation would take care of that. 
[bookmark: _Toc32329347][bookmark: _Toc32504575]UE can be configured with cho-Config in RRCResume.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Almost all companies seem to agree that measID and reportConfig associated with CHO config shall be removed when CHO configuration is autonomously removed.
Observation 2	When source gNodeB decides to configure CHO, the UE may not have measId(s)/reportConfig(s) whose reportType is set to cho-TriggerConfig.
Observation 3	There is reasonable consensus in [108#66][LTE NR Mob] that the UE shall autonomously remove measId(s)/reportConfig(s) whose reportType is set to cho-TriggerConfig upon suspend/release, CHO/HO execution and re-establishment.
Observation 4	All companies agreed in [108#66][LTE NR Mob] that the UE shall release CHO related configuration when entering RRC_INACTIVE and RRC_IDLE.

[bookmark: _GoBack]Based on the discussion in the previous sections we propose the following:
Proposal 1	Update running CR according to the understanding that a measId with associated reportConfig whose reportType is set to cho-TriggerConfig may not have a reporting entry in VarMeasReportList.
Proposal 2	UE shall autonomously remove measObject(s) only associated to CHO upon suspend/release, CHO/HO execution and re-establishment.
Proposal 3	UE can be configured with CHO while operating in MR-DC.
Proposal 4	UE can be configured with SCG addition while monitoring CHO configurations.
Proposal 5	Upon CHO execution the UE performs MR-DC release and the release of SN-terminated bearers.
Proposal 6	No RAN3 changes are introduce to support CHO configuration while operating in MR-DC.
Proposal 7	UE can be configured with cho-Config in RRCResume.
[bookmark: _In-sequence_SDU_delivery]
5	References
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