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Introduction
In RAN2#107bis meeting, the following agreements have been reached regarding the fast MCG recovery procedure:

· Fast PCell recovery via SCell is not introduced in Rel-16.
· We add no functionality for optimized RRC re-establishment to SN RAT in Rel-16
· No further mechanisms are introduced to resolve outstanding UL/DL RRC deadlock messages situation upon the triggering of MCG failure recovery
· For MCG fast recovery via SRB3, the MCGFailureInformation message in UL is encapsulated in the ULInformationTransferMRDC message
· A new RRC message, i.e., DLInformationTransferMRDC, is introduced in order to allow the SN to encapsulate (for SRB3) the MN response (i.e., RRCReconfiguration or RRCRelease message) to be send to the UE
· The RRC procedure on these encapsulated messages are the same as if they had been received by SRB1
· When receiving a MN RRCRelease message encapsulated within an SN RRC message via SRB3, the UE does not send any complete message
· Split SRB1 is always used for the transmission of the MCGFailureInformation message. SRB3 is used only if split SRB1 is not configured
· MCG failure recovery can be configured by the network.

According to this, the SN will deliver the RRCReconfiguration or RRCRelease message to the UE by embedding them into the DLInformationTranferMRDC message. However, this it may be not possible in case an SN change is triggered by the MN upon receiving the MCGFailureInformation from the UE. In this contribution we will address the issue and will provide an easy solution that does not involve any standardization effort.
[bookmark: _Ref178064866]Discussion
If the UE is configured to adopt the fast MCG link recovery procedure, upon detecting RLF of the MCG, it suspends transmission via the MCG and sends an indication (i.e., MCGFailureInformation message) via the SCG leg of the split SRB1 to the MN (or via SRB3 to the SN, which then forwards it to the MN). The MN, considering the measurements included in the MCGFailureInformation, as well as any additional information available at the network, will determine to send an RRCReconfiguration or RRCRelease message. In case the MN decides to send the RRCReconfiguration message, this will include a reconfigurationWithSync indication (in case the MN is an NR node) or a mobilityControlInfo indication (in case the MN is an LTE node), which is used by the UE to indicate that it can resume the MCG transmission.

The configuration received by the UE in the RRCReconfiguration message may contain instructions to perform one of the following:

A. Keep both the MN and SN 
B. Keep the MN but change the SN
C. Change the MN but keep the SN
D. Change both the MN and the SN

According to this, one of the actions that the MN may perform is to trigger Inter-Master Node handover with/without Secondary Node change. If the triggering of this procedure does not involve the change of the SN, we foresee no issue for the SN in delivering a possible RRCReconfiguration to the UE embedded in the DLInformationTransferMRDC container via the SCG leg of the Split SRB or via SRB3. However, if the SN is also changed, it may happen that all the SRBs are released and there is no chance to (re)configure the UE towards the new MN and/or SN. In fact, according to 3GPP TS 37.340 specification, upon an Inter-Master Node handover with/without Secondary Node change, the involved messages exchanged during this procedure are illustrated in Figure 1.



Figure 1 Inter-MN handover with/without MN initiated SN change

In cases A and C, where the SN is kept, there will not be a problem because the SN is still keeping resources for the UE (either associated with SRB3 or the SCG leg of the split SRB1), and thus the RRCReconfiguration message can be received by the UE. 

However, for cases B and D, where the SN is changed, if the normal procedures described in Figure 1 (i.e., also described in clause 10.7.2 of 3GPP TS 37.340) are to be applied, the Source SN is instructed by the source MN to release all the resources associated with the UE (i.e., steps 5a and 5b of Figure 1), and as such the RRCReconfiguration message cannot be sent via the source SN (i.e., via the SCG leg of the split SRB or via SRB3) to the UE since there will be no available SRBs between the UE and the MN/SN.

Upon receiving the MCGFailureInformation, if the MN trigger an SN change the RRCReconfiguration message cannot be sent via the source SN (i.e., via the SCG leg of the split SRB or via SRB3) to the UE since there will be no available SRBs between the UE and the MN/SN.
  
Therefore, current procedures and signalling does not allow the changing of the SN during the fast MCG link recovery. Given this, if the network wants to apply case D above, then it has to first change the MN while keeping the source SN and then send another reconfiguration to change the SN. This implies that two procedures need to be executed one after another thus increasing the latency needed before the UE has the MN and SN up and running again.

There could actually be cases where the network or the UE may not be able to support dual connectivity between the target MN and the source SN (e.g. there is no x2/xn interface between the MN and SN hosting the target MN and source SN, or the UE is not capable of DC at the carrier frequencies of the target MN and the source SN). In that case, the only possibility is to release the SCG in the first reconfiguration that changes the MN and then re-establish DC in the next configuration by adding the target SN. If what described above applies, this means that a lot of signalling overhead will be generated with a consequence increase in term of latency (since two procedures needs to be executed one after another) and connectivity interruption. Such a situation may be not tolerable in case there are stringent application requirements in term of latency and reliability.

Since the current signalling does not allow the change of the SN during the fast MCG recovery, the network may need to change the MN and then, in a subsequent procedure, change the SN thus increasing the delay before the UE has the MN and SN up and running again.


In order to solve this issue, different solutions can be applied when the fast MCG recovery procedure is triggered. For instance:

Option 1. When the source MN triggers the release of the source SN, the source SN releases the resources associated to the UE only after sending the RRCReconfiguration message to the UE (via SCG leg of the split SRB or via SRB3).

Option 2. Upon receiving the RRCReconfigurationComplete message (i.e., step 8 of Figure 1), the target MN sends an indication to the source MN that the source SN can be released. The source MN released the source SN after step 8 of Figure 1.

Option 3. Upon sending the RRCReconfiguration message to the UE (via SCG leg of the split SRB or via SRB3), the source SN sends an indication to the MN. The source MN it triggers the release of the source SN after step 6 of Figure 1.

[bookmark: _GoBack]Considering the three options described, Option 2 and Option 3 will bring a lot of standardization efforts and also some backword compatibility problems with MR-DC procedures standardized in Release 15. For this reason, would be good to minimize the impact on the standardization and have a solution that does not have any impact on Release 15.

According to this, Option 1 seems more suitable because it can be implemented by having just a note in the relevant parts of 3GPP TS 37.340. With this note, it should be clarified that if the source MN sends the RRCReconfiguration via the source SN (i.e., via SCG leg of split SRB or via SRB3) and a subsequent SN Release Request, this represent an implicit indication that the source SN can release the resources associated to the UE only after the successful transmission of the RRCReconfiguration message. Therefore, we propose:

During the fast MCG recovery procedure, when the source MN trigger the release of the source SN, the source SN releases the resources associated to the UE only after sending the RRCReconfiguration message to the UE (via SCG leg of the split SRB or via SRB3).

A note is added in 3GPP TS 37.340 for clarify that, during fast MCG recovery procedure, the source SN releases the resource associated to the UE only after sending the RRCReconfiguration message to the UE.
Conclusion
In the previous sections we made the following observations: 

1. Upon receiving the MCGFailureInformation, if the MN trigger an SN change the RRCReconfiguration message cannot be sent via the source SN (i.e., via the SCG leg of the split SRB or via SRB3) to the UE since there will be no available SRBs between the UE and the MN/SN.

Since the current signalling does not allow the change of the SN during the fast MCG recovery, the network may need to change the MN and then, in a subsequent procedure, change the SN thus increasing the delay before the UE has the MN and SN up and running again.

[bookmark: _In-sequence_SDU_delivery]Based on the discussion in section 2 we propose the following:

1. During the fast MCG recovery procedure, when the source MN trigger the release of the source SN, the source SN releases the resources associated to the UE only after sending the RRCReconfiguration message to the UE (via SCG leg of the split SRB or via SRB3).

A note is added in 3GPP TS 37.340 for clarify that, during fast MCG recovery procedure, the source SN releases the resource associated to the UE only after sending the RRCReconfiguration message to the UE.
 

Text Proposal to 37.340 (v15.8.0)

START OF CHANGED

[bookmark: _Toc29248366]10.5	Secondary Node Change (MN/SN initiated)
[bookmark: _Toc29248367]10.5.1	EN-DC
The Secondary Node Change procedure is initiated either by MN or SN and used to transfer a UE context from a source SN to a target SN and to change the SCG configuration in UE from one SN to another.
NOTE 1:	Inter-RAT SN change procedure with single RRC reconfiguration is not supported in this version of the protocol (i.e. no transition from EN-DC to DC).
The Secondary Node Change procedure always involves signalling over MCG SRB towards the UE.
MN initiated SN Change


Figure 10.5.1-1: SN Change – MN initiated
Figure 10.5.1-1 shows an example signalling flow for the MN initiated Secondary Node Change:
1/2.	The MN initiates the SN change by requesting the target SN to allocate resources for the UE by means of the SgNB Addition procedure. The MN may include measurement results related to the target SN. If forwarding is needed, the target SN provides forwarding addresses to the MN. The target SN includes the indication of the full or delta RRC configuration.
NOTE 2:	The MN may trigger the MN-initiated SN Modification procedure (to the source SN) to retrieve the current SCG configuration before step 1.
3.	If the allocation of target SN resources was successful, the MN initiates the release of the source SN resources including a Cause indicating SCG mobility. The Source SN may reject the release. If data forwarding is needed the MN provides data forwarding addresses to the source SN. If direct data forwarding is used for SN terminated bearers, the MN provides data forwarding addresses as received from the target SN to source SN. Reception of the SgNB Release Request message triggers the source SN to stop providing user data to the UE and, if applicable, to start data forwarding.
NOTE X:	In case of fast MCG recovery, the SN stops providing control plane and user data to the UE and, if applicable, starts data forwarding only after it successfully delivered the RRCConnectionReconfiguration in step 4.
4/5.	The MN triggers the UE to apply the new configuration. The MN indicates to the UE the new configuration in the RRCConnectionReconfiguration message including the NR RRC configuration message generated by the target SN. The UE applies the new configuration and sends the RRCConnectionReconfigurationComplete message, including the encoded NR RRC response message for the target SN, if needed. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
6.	If the RRC connection reconfiguration procedure was successful, the MN informs the target SN via SgNBReconfigurationComplete message with the encoded NR RRC response message for the target SN, if received from the UE.
7.	If configured with bearers requiring SCG radio resources, the UE synchronizes to the target SN.
8.	For SN terminated bearers using RLC AM, the source SN sends the SN Status Transfer, which the MN sends then to the target SN, if needed.
9.	If applicable, data forwarding from the source SN takes place. It may be initiated as early as the source SN receives the SgNB Release Request message from the MN.
10.	The source SN sends the Secondary RAT Data Usage Report message to the MN and includes the data volumes delivered to and received from the UE over the NR radio for the related E-RABs.
NOTE 3:	The order the SN sends the Secondary RAT Data Usage Report message and performs data forwarding with MN is not defined. The SN may send the report when the transmission of the related bearer is stopped.
11-15.	If applicable, a path update is triggered by the MN.
16.	Upon reception of the UE Context Release message, the source SN releases radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
END OF CHANGED

START OF CHANGED

[bookmark: _Toc29248368]10.5.2	MR-DC with 5GC
MN initiated SN Change
The MN initiated SN change procedure is used to transfer a UE context from the source SN to a target SN and to change the SCG configuration in UE from one SN to another.
The Secondary Node Change procedure always involves signalling over MCG SRB towards the UE.


Figure 10.5.2-1: SN change procedure - MN initiated
Figure 10.5.2-1 shows an example signalling flow for the SN Change initiated by the MN:
1/2.	The MN initiates the SN change by requesting the target SN to allocate resources for the UE by means of the SN Addition procedure. The MN may include measurement results related to the target SN. If data forwarding is needed, the target SN provides data forwarding addresses to the MN. The target SN includes the indication of the full or delta RRC configuration.
NOTE 1:	The 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.
3.	If the allocation of target SN resources was successful, the MN initiates the release of the source SN resources including a Cause indicating SCG mobility. The Source SN may reject the release. If data forwarding is needed the MN provides data forwarding addresses to the source SN. If direct data forwarding is used for SN terminated bearers, the MN provides data forwarding addresses as received from the target SN to source SN. Reception of the SN Release Request message triggers the source SN to stop providing user data to the UE.
NOTE X:	In case of fast MCG recovery, the SN stops providing control plane and user data to the UE and, if applicable, starts data forwarding only after it successfully delivered the RRCConnectionReconfiguration in step 4.
4/5.	The MN triggers the UE to apply the new configuration. The MN indicates the new configuration to the UE in the MN RRC reconfiguration message including the target SN RRC reconfiguration message. The UE applies the new configuration and sends the MN RRC reconfiguration complete message, including the SN RRC response message for the target SN, if needed. In case the UE is unable to comply with (part of) the configuration included in the MN RRC reconfiguration message, it performs the reconfiguration failure procedure.
6.	If the RRC connection reconfiguration procedure was successful, the MN informs the target SN via SN Reconfiguration Complete message with the included SN RRC response message for the target SN, if received from the UE.
7.	If configured with bearers requiring SCG radio resources the UE synchronizes to the target SN.
8.	If PDCP termination point is changed for bearers using RLC AM, the source SN sends the SN Status Transfer, which the MN sends then to the target SN, if needed.
9.	If applicable, data forwarding from the source SN takes place. It may be initiated as early as the source SN receives the SN Release Request message from the MN.
10.	The source SN sends the Secondary RAT Data Usage Report message to the MN and includes the data volumes delivered to and received from the UE as described in clause 10.11.2.
NOTE 2:	The order the SN sends the Secondary RAT Data Usage Report message and performs data forwarding with MN is not defined. The SN may send the report when the transmission of the related QoS flow is stopped.
11-15.	If applicable, a PDU Session path update procedure is triggered by the MN.
16.	Upon reception of the UE Context Release message, the source SN releases radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue
END OF CHANGED
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[bookmark: _Toc29248370]10.7	Inter-Master Node handover with/without Secondary Node change
[bookmark: _Toc29248371]10.7.1	EN-DC
Inter-Master Node handover with/without MN initiated Secondary Node change is used to transfer context data from a source MN to a target MN while the context at the SN is kept or moved to another SN. During an Inter-Master Node handover, the target MN decides whether to keep or change the SN (or release the SN, as described in clause 10.8).
NOTE 1:	Inter-system Inter-Master node handover with/without SN change is not supported in this version of the protocol (e.g. no transition from EN-DC to NGEN-DC or NR-DC).


Figure 10.7.1-1: Inter-MN handover with/without MN initiated SN change
Figure 10.7.1-1 shows an example signaling flow for inter-Master Node handover with or without MN initiated Secondary Node change:
NOTE 2:	For an inter-Master Node handover without Secondary Node change, the source SN and the target SN shown in Figure 10.7.1-1 are the same node.
1.	The source MN starts the handover procedure by initiating the X2 Handover Preparation procedure including both MCG and SCG configuration. The source MN includes the (source) SN UE X2AP ID, SN ID and the UE context in the (source) SN in the Handover Request message.
NOTE 3:	The source MN may trigger the MN-initiated SN Modification procedure (to the source SN) to retrieve the current SCG configuration before step 1.
2.	If the target MN decides to keep the SN, the target MN sends SN Addition Request to the SN including the SN UE X2AP ID as a reference to the UE context in the SN that was established by the source MN. If the target MN decides to change the SN, the target MN sends the SgNB Addition Request to the target SN including the UE context in the source SN that was established by the source MN.
3.	The (target) SN replies with SN Addition Request Acknowledge. The (target) SN may include the indication of the full or delta RRC configuration.
4.	The target MN includes within the Handover Request Acknowledge message a transparent container to be sent to the UE as an RRC message to perform the handover, and may also provide forwarding addresses to the source MN. The target MN indicates to the source MN that the UE context in the SN is kept if the target MN and the SN decided to keep the UE context in the SN in step 2 and step 3.
5.	The source MN sends SN Release Request to the (source) SN including a Cause indicating MCG mobility. The (source) SN acknowledges the release request. The source MN indicates to the (source) SN that the UE context in SN is kept, if it receives the indication from the target MN. If the indication as the UE context kept in SN is included, the SN keeps the UE context.
NOTE X:	In case of fast MCG recovery, the SN stops providing control plane and user data to the UE and, if applicable, starts data forwarding only after it successfully delivered the RRCConnectionReconfiguration in step 4.
6.	The source MN triggers the UE to apply the new configuration.
7/8.	The UE synchronizes to the target MN and replies with RRCConnectionReconfigurationComplete message.
9.	If configured with bearers requiring SCG radio resources, the UE synchronizes to the (target) SN.
10.	If the RRC connection reconfiguration procedure was successful, the target MN informs the (target) SN via SgNB Reconfiguration Complete message.
11a.	The SN sends the Secondary RAT Data Usage Report message to the source MN and includes the data volumes delivered to and received from the UE over the NR radio for the related E-RABs.
NOTE 4:	The order the source SN sends the Secondary RAT Data Usage Report message and performs data forwarding with MN/target SN is not defined. The SgNB may send the report when the transmission of the related bearer is stopped.
11b.	The source MN sends the Secondary RAT Report message to MME to provide information on the used NR resource.
12.	For bearers using RLC AM, the source MN sends the SN Status Transfer, including, if needed, SN Status received from the source SN to the target MN. The target forwards the SN Status to the target SN, if needed.
13.	If applicable, data forwarding takes place from the source side. If the SN is kept, data forwarding may be omitted for SN-terminated bearers kept in the SN.
14-17.	The target MN initiates the S1 Path Switch procedure.
NOTE 5:	If new UL TEIDs of the S-GW are included, the target MN performs the MN initiated SN Modification procedure to provide them to the SN.
18.	The target MN initiates the UE Context Release procedure towards the source MN.
19.	Upon reception of the UE Context Release message, the (source) SN releases C-plane related resources associated to the UE context towards the source MN. Any ongoing data forwarding may continue. The SN shall not release the UE context associated with the target MN if the UE context kept indication was included in the SgNB Release Request message in step 5.
[bookmark: _Toc29248372]10.7.2	MR-DC with 5GC
Inter-MN handover with/without MN initiated SN change is used to transfer UE context data from a source MN to a target MN while the UE context at the SN is kept or moved to another SN. During an Inter-Master Node handover, the target MN decides whether to keep or change the SN (or release the SN, as described in clause 10.8). Only intra-RAT Inter-Master node handover with/without SN change is supported (e.g. no transition from NGEN-DC to NR-DC).


Figure 10.7.2-1: Inter-MN handover with/without MN initiated SN change procedure
Figure 10.7.2-1 shows an example signalling flow for inter-MN handover with or without MN initiated SN change:
NOTE 1:	For an Inter-Master Node handover without Secondary Node change, the source SN and the target SN shown in Figure 10.7.2-1 are the same node.
1.	The source MN starts the handover procedure by initiating the Xn Handover Preparation procedure including both MCG and SCG configuration. The source MN includes the source SN UE XnAP ID, SN ID and the UE context in the source SN in the Handover Request message.
NOTE 2:	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.	If the target MN decides to keep the source SN, the target MN sends SN Addition Request to the SN including the SN UE XnAP ID as a reference to the UE context in the SN that was established by the source MN. If the target MN decides to change the SN, the target MN sends the SN Addition Request to the target SN including the UE context in the source SN that was established by the source MN.
3.	The (target) SN replies with SN Addition Request Acknowledge. The (target) SN may include the indication of the full or delta RRC configuration.
4.	The target MN includes within the Handover Request Acknowledge message the MN RRC reconfiguration message to be sent to the UE in order to perform the handover, and may also provide forwarding addresses to the source MN. If PDU session split is performed in the target side during handover procedure, more than one data forwarding addresses corresponding to each node are included in the Handover Request Acknowledge message. The target MN indicates to the source MN that the UE context in the SN is kept if the target MN and the SN decided to keep the UE context in the SN in step 2 and step 3.
5a/5b.	The source MN sends SN Release Request message to the (source) SN including a Cause indicating MCG mobility. The (source) SN acknowledges the release request. The source MN indicates to the (source) SN that the UE context in SN is kept, if it receives the indication from the target MN. If the indication as the UE context kept in SN is included, the SN keeps the UE context.
NOTE X:	In case of fast MCG recovery, the SN stops providing control plane and user data to the UE and, if applicable, starts data forwarding only after it successfully delivered the RRCConnectionReconfiguration in step 4.
5c.	The source MN sends XN-U Address Indication message to the (source) SN to transfer data forwarding information. More than one data forwarding addresses may be provided if the PDU session is split in the target side.
6.	The source MN triggers the UE to perform handover and apply the new configuration.
7/8.	The UE synchronizes to the target MN and replies with MN RRC reconfiguration complete message.
9.	If configured with bearers requiring SCG radio resources, the UE synchronizes to the (target) SN.
10.	If the RRC connection reconfiguration procedure was successful, the target MN informs the (target) SN via SN Reconfiguration Complete message.
11a. The source SN sends the Secondary RAT Data Usage Report message to the source MN and includes the data volumes delivered to and received from the UE over the NR/E-UTRA radio as described in clause 10.11.2.
NOTE 2a:	The order the source SN sends the Secondary RAT Data Usage Report message and performs data forwarding with MN/target SN is not defined. The SN may send the report when the transmission of the related QoS is stopped.
11b. The source MN sends the Secondary RAT Report message to AMF to provide information on the used NR/E-UTRA resource.
12.	For bearers using RLC AM, the source MN sends the SN Status Transfer to the target MN, including, if needed, SN Status received from the source SN. The target forwards the SN Status to the target SN, if needed.
13.	If applicable, data forwarding takes place from the source side. If the SN is kept, data forwarding may be omitted for SN terminated bearers or QoS flows kept in the SN.
14-17.	The target MN initiates the Path Switch procedure. If the target MN includes multiple DL TEIDs for one PDU session in the Path Switch Request message, multiple UL TEID of the UPF for the PDU session should be included in the Path Switch Ack message in case there is TEID update in UPF.
NOTE 3:	If new UL TEIDs of the UPF for SN are included, the target MN performs MN initiated SN Modification procedure to provide them to the SN.
18.	The target MN initiates the UE Context Release procedure towards the source MN.
19.	Upon reception of the UE Context Release message from source MN, the (source) SN releases C-plane related resources associated to the UE context towards the source MN. Any ongoing data forwarding may continue. The SN shall not release the UE context associated with the target MN if the UE contest kept indication was included in the SN Release Request message in step 5.
END OF CHANGED
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