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1	Introduction
In RAN2#109e the following has been agreed concerning the CHO and MR-DC operation:
Agreements [AT109e][212][MOB]
. . .
7: CHO (MCG) can work together with MR-DC, i.e. receive CHO when MR-DC is configured, and receive SCG addition when CHO condition is configured.
. . . 

The agreement from RAN2#109e basically says that the following scenarios are possible:
· Scenario 1) UE operating in MR-DC is configured with CHO;
· Scenario 2) UE monitoring CHO is configured with MR-DC.
In this paper we discuss some issues related to these scenarios and propose a way forward. 
[bookmark: _Ref178064866]2	Discussion
2.1 UE operating in MR-DC is configured with CHO
In this case a UE operating in MR-DC has an MCG configuration, SCG configuration, possibly MN and/or SN terminated bearers, etc. To enable a UE operating in MR-DC to be configured with CHO the Source MN (S-MN) would first transmit a CHO request including the UE’s current configuration, which includes both MN and SN related configurations and receive an RRCReconfiguration per target cell candidate. In the legacy case the target MN would have different alternatives when generating the RRCReconfiguration e.g. keep the SCG configurations, modify the SCG configurations, or release it. 
According to the latest input from the email discussion [Post109e#12][MOB] Resolving open issues for CHO [1], these MR-DC upon CHO options would be removed for a CHO target candidate in Rel-16. Below we reproduce the summary from the rapporteur: 
[bookmark: _GoBack]Summary:
· 18 companies provided their views. 3 companies (Docomo, Ericsson and Nokia) wanted to allow CHO configuration for MCG may contain also the (non-conditional) SCG configuration, as it is the legacy behaviour for normal HO. The remaining companies did not see the use case to support it. 
· Even though this is against the legacy principle (HO command can contain SCG configuration), based on the majority view, it is proposed to restrict such possibility for conditional reconfiguration. 

In [Post109e#12][MOB] Resolving open issues for CHO most companies want to restrict the target candidate node to not be able to add an SCG configuration in the RRCReconfiguration for a target candidate cell.
Based on this assumption, two issues in scenario 1 require further updates to the specifications: 
· a) How the UE releases MR-DC upon CHO execution;
· b) How the Source MN performs SN release in CHO scenarios

a) Release of MR-DC upon CHO execution 
A possible solution is that the Target MN’s receives a Handover Request for CHO and, upon identifying the UE is configured with an MCG and SCG, it generates an RRCReconfiguration for the target cell candidate and adds a signaling (e.g. mrdc-SecondaryCellGroupConfig set to release) indicating to the UE to release SN bearers and SCG configurations. When the UE applies the RRCReconfiguration upon CHO execution, MR-DC would be released at the UE as follows:
***************************************************************************************************************************
[bookmark: _Toc20425700][bookmark: _Toc29321096][bookmark: _Toc36219279][bookmark: _Toc36219955][bookmark: _Toc36513375]5.3.5.3	Reception of an RRCReconfiguration by the UE
The UE shall perform the following actions upon reception of the RRCReconfiguration:
. . . 
1>	if the RRCReconfiguration includes the mrdc-SecondaryCellGroupConfig:
. . . 
2>	else (mrdc-SecondaryCellGroupConfig is set to release):
3>	perform MR-DC release as specified in clause 5.3.5.10;
. . . 
[bookmark: _Toc20425724][bookmark: _Toc29321120][bookmark: _Toc36219303][bookmark: _Toc36219979][bookmark: _Toc36513399]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 though the solution has minimum UE impact, it implies some assumptions on network implementation which might not be very nice. Upon receiving a Handover Request, a target candidate gNodeB that is CHO capable could always include the mrdc-SecondaryCellGroupConfig set to release in the generated RRCReconfiguration. However, if the UE is not MR-DC capable, this could lead to a failure. Thus, the target candidate gNodeB that is CHO capable should also be able to at least identify a UE as being MR-DC capable before including the mrdc-SecondaryCellGroupConfig in the generated RRCReconfiguration. This implies that the CHO gNodeB should also be capable of some MR-DC functions. Another possibility could be if the target candidate always generate a full-Config CHO, but that could lead to multiple full-Config CHO messages which may increase the overall CHO configuration, which is also not very nice. 
A simpler alternative, not requiring any complicated network implementation and/or assumptions in terms of what the target candidate gNodeB is capable of is that upon CHO execution, the UE perform the actions as specified in 5.3.5.10 MR-DC release.
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc37333823]Upon CHO execution the UE performs MR-DC release.
[bookmark: _Toc37333824]Agree on the text proposal “perform MR-DC release as specified in clause 5.3.5.10” in 5.3.5.x.5.
***************************************************************************************************************************
5.3.5.x.5	Conditional configuration execution
The UE shall:
1>	if more than one triggered cell exists:
2>	select one of the triggered cells as the selected cell for conditional configuration execution;
1>	for the selected cell of conditional configuration execution:
2>	perform MR-DC release as specified in clause 5.3.5.10;
2>	apply the stored condRRCReconfig of the selected cell and perform the actions as specified in 5.3.5.3;
NOTE:	If multiple NR cells are triggered in conditional configuration execution, it is up to UE implementation which one to select, e.g. the UE considers beams and beam quality to select one of the triggered cells for execution.
***************************************************************************************************************************

b) How the Source MN performs SN release in CHO scenarios
Under the assumption of absence of SCG configuration in the target candidate’s RRCReconfiguration, the procedure to add a CHO configuration while the UE is operating in MR-DC have some similarities to an MN change procedure with SN release, as described in TS 37.340.
[bookmark: _Toc37333825]***************************************************************************************************************************


Figure 10.8.2-1: MN to ng-eNB/gNB Change procedure
1. The source MN starts the MN to ng-eNB/gNB Change procedure by initiating the Xn Handover Preparation procedure, including both MCG and SCG configuration. 
NOTE 1:	The source MN may trigger the MN-initiated SN Modification procedure (to the source SN) to retrieve the current SCG configuration and to allow provision of data forwarding related information before step 1. 
2. The target ng-eNB/gNB includes the field in HO command which releases the SCG configuration, and may also provide forwarding addresses to the source MN. 
3. If the resource allocation of target ng-eNB/gNB was successful, the MN initiates the release of the source SN resources towards the source SN including a Cause indicating MCG mobility. The SN acknowledges the release request. If data forwarding is needed, the MN provides data forwarding addresses to the source SN. Reception of the SN Release Request message triggers the source SN to stop providing user data to the UE and, if applicable, to start data forwarding.
4.	The MN triggers the UE to perform HO and apply the new configuration. Upon receiving the new configuration, the UE releases the entire SCG configuration.
5/6. The UE synchronizes to the target ng-eNB/gNB.
. . .
[bookmark: _Toc37333826]***************************************************************************************************************************
[bookmark: _Toc37333827]In the legacy case, as shown above in Figure 10.8.2-1: MN to ng-eNB/gNB Change procedure taken from TS 37.340, the Source MN (S-MN) transmits a HANDOVER REQUEST to a target MN (T-MN) and upon reception of a HANDOVER REQUEST ACKNOWLEDGE it initiates an SN release procedure with the Source SN, possibly including an Xn-U Address Indication procedure, if data forwarding is needed.
[bookmark: _Toc37333828]However, in the case the Source MN request CHO i.e. it transmits a HANDOVER REQUEST and receives a HANDOVER REQUEST ACKNOWLEDGE for CHO, the Source MN should delay the initiation of the SN release (i.e. it should refrain from transmitting to the Source SN an SN Release Request), otherwise the UE with CHO configuration would be operating in MR-DC (as agreed in RAN2#109e). 
[bookmark: _Toc37333829]Source MN delays to transmit an SN Release Request upon receiving a Handover Request Acknowledge for CHO.

[bookmark: _Toc37333830]Upon receiving the HANDOVER REQUEST ACKNOWLEDGE for CHO, including the RRCReconfiguration, the S-MN configures the UE and the UE starts monitoring CHO. Upon the fulfilment of the conditions for a given candidate target MN, the UE performs random access and transmits the RRCReconfigurationComplete to the target MN. At that point, the candidate target MN transmits a HANDOVER SUCCESS message to the Source MN, which may then initiate the SN Release procedure by transmitting an SN Release Request. 
[bookmark: _Toc37333831]Source MN transmits an SN Release Request to Source SN upon receiving a Handover Success from a target candidate MN.

[bookmark: _Toc37333832]In legacy, if data forwarding is supported, the reception of the SN RELEASE REQUEST ACKNOWLEDGE leads to the S-MN to transmit an Xn-U ADDRESS INDICATION to the Source SN. If we assume late data forwarding for CHO, that may also be triggered at this point. 
[bookmark: _Toc37333833]If late data forwarding is supported, the Source MN transmits an Xn-U Address Indication (with the address of candidate target MN) to Source SN upon receiving a SN Release Request Ack from the S-SN.

[bookmark: _Toc37333834][image: ]






2.2 UE monitoring CHO is configured with MR-DC
[bookmark: _Toc37333839]This scenario is equivalent to an SN Addition procedure (as described in TS 37.340, 10.2.2 for MR-DC) as reproduced below: 


Figure 10.2.2-1: SN Addition procedure
[bookmark: _Toc37333840]In this scenario a UE has been configured with CHO i.e. it is monitoring the fulfilment of execution conditions, having for each condition a stored RRCReconfiguration to be applied if the associated condition is fulfilled. Each target candidate RRCReconfiguration has been generated based on a UE’s current configuration without any MR-DC related configurations. 
[bookmark: _Toc37333841]Then, at some point (e.g. based on measurements reports and/or some traffic related input) the source gNodeB decides to configure MR-DC for a given UE e.g. add an SCG for an MN terminated bearer, add an SCG for an SN terminated bearers, add an SCG for an MN split bearer, add an MCG SN-terminated bearer, add an SCG for an SN-terminated split bearer, etc. Thus, MN transmits an SN Addition Request to the SN and receives an SN Addition Request Acknowledge with the UE’s re-configuration e.g. SCG configuration. In CHO terminology, one could interpret that as a UE’s source configuration. 
[bookmark: _Toc37333842][bookmark: _Hlk37313861][bookmark: _Toc37333843]A first alternative for setting up MR-DC for the UE configured with CHO is to add MR-DC configurations (e.g. SCG and/or bearer reconfigurations) in an RRCReconfiguration upon receiving them from SN, while the MN request a modification of CHO with the target candidate(s), according to the new UE’s configuration. Once the new CHO configurations are received from the MN candidate, another RRCReconfiguration is transmitted to the UE so a CHO modification procedure is triggered. 
[bookmark: _Toc37333844]An issue with this first alternative is that after starting to operate in MR-DC the UE may execute CHO and apply an RRCReconfiguration possibly based on an old UE’s configuration (before MR-DC was setup), which may lead to failures. Thus, this alternative would probably be limited to the case the MN is aware that the target candidates have generated full config RRCReconfiguration(s).
[bookmark: _Toc37333845][image: ]

[bookmark: _Toc37333846]A second alternative for setting up MR-DC for the UE configured with CHO is to add MR-DC configurations (e.g. SCG and/or bearer reconfigurations) in an RRCReconfiguration and, in the same message, remove the CHO configurations to disable the UE to execute CHO while the Source MN is still requesting a modification of CHO configurations with the CHO target candidates. Once the Source MN receives new RRCReconfiguration(s) from the target candidate(s) it can add CHO configurations back to the UE.
[bookmark: _Toc37333847]Compared to the first alternative, this prevents the risk of failures. On the other hand, it is as efficient in terms of signaling compared to the first alternative. The reason is that some target candidates may decide not to change its RRCReconfiguration after MR-DC is setup, and, in that case, the Source MN could in alternative 1 either no re-configure the UE and/or only reconfigure the target candidates that actually provided a new RRCReconfiguration to replace the one(s) stored at the UE. 

[bookmark: _Toc37333848][image: ]
[bookmark: _Toc37333849]A third alternative for setting up MR-DC for the UE configured with CHO is to add MR-DC configurations (e.g. SCG and/or bearer reconfigurations) in an RRCReconfiguration and suspend the CHO configurations as a way to disable the UE to execute CHO while the Source MN is still requesting a modification of CHO configurations with the CHO target candidates. Once the Source MN receives new RRCReconfiguration(s) from the target candidate(s) a CHO modification procedure can be triggered with the UE, upon which the CHO monitoring is resumed. 
[bookmark: _Toc37333850]Compared to the first alternative, this prevents the risk of failures. And, at the same time, it is as efficient in terms of signaling compared to the first alternative. Considering the minimum changes needed in RRC this seems to be a good alternative to resolve the issues. the It could be FFS whether this suspension is implicitly performed by the UE (e.g. upon detecting MR-DC configuration while monitoring CHO), or whether an explicit signaling is added in the RRCReconfiguration.
[bookmark: _Toc37333851][image: ]
[bookmark: _Toc37333852]UE suspends CHO monitoring upon reception of an RRCReconfiguration with SCG addition. FFS whether an explicit indication is needed. 
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Upon CHO execution the UE performs MR-DC release.
Proposal 2	Agree on the text proposal “perform MR-DC release as specified in clause 5.3.5.10” in 5.3.5.x.5.
Proposal 3	Source MN delays to transmit an SN Release Request upon receiving a Handover Request Acknowledge for CHO.
Proposal 4	Source MN transmits an SN Release Request to Source SN upon receiving a Handover Success from a target candidate MN.
Proposal 5	If late data forwarding is supported, the Source MN transmits an Xn-U Address Indication (with the address of candidate target MN) to Source SN upon receiving a SN Release Request Ack from the S-SN.
Proposal 6	UE suspends CHO monitoring upon reception of an RRCReconfiguration with SCG addition. FFS whether an explicit indication is needed.
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