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Introduction
RAN2 has agreed to introduce split SRB for EN-DC. One of the main purposes of this is to provide additional robustness for important signalling like handover commands and measurements reports. In this contribution, we discuss in more detail how HO command duplication works over X2. 
For handover, we could consider following scenarios:
1. Inter-MeNB handover to the new MeNB while SCG is released
2. Inter-MeNB handover to the new MeNB while old SCG is kept
On the other hand, case where of having inter-MeNB handover to the new MeNB which is same as old SCG is not supported as per agreements in RAN2#99.
[bookmark: _Ref178064866]The signalling diagram for the inter-MeNB handover while old SCG is kept is shown in Annex. The description is from TS 36.300 Section 10.1.2.8.8. 
HO command duplication 
The main reason behind HO command duplication/diversity is to enable the network to send RRC messages over two paths, MCG and SCG. To enable this, SRB1 needs to be configured as split SRB. This way, the UE is prepared to receive RRC signaling over two paths and it can be left to network implementation which path to select for the DL message (one or two).
For HO command duplication, the UE needs to be configured with split SRB1. Link selection and applying duplication can be left to NW implementation. 
The schematic view of the procedure focusing on RRC part is show in the figure below. As simplicity, we consider the case when the SCG is released during inter-MeNB Handover. The steps in the figure are:
1. It is assumed that Dual Connectivity and split SRB1 are configured for the UE
2. NW decides to trigger handover towards T-MeNB. 
3. The handover command (RRCConnectionReconfiguration with mobilityControlInfo) is sent towards the UE over the MeNB and the SeNB
4. The UE receives HO command (first version). When receiving handover command, the UE triggers Handover towards T-MeNB.
5. The duplicate of the Handover command comes later. Assuming that the UE is not anymore connected to the node transmitting the message, it may does not receive it. If the UE receives the duplicate, then this duplicate is discarded in the PDCP layer.
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Next we study the whole signalling for the case when SeNB is released during MeNB handover. The overall picture including Uu and X2 signalling looks like the following (following LTE Rel-12 procedures):
 


Figure 10.1.2.8.5-1: MeNB to eNB Change procedure (copy from TS 36.300)

In the LTE Rel-12 procedure, “SeNB Release Request” message (3. message) triggers the source SeNB to stop providing user data to the UE and, if applicable, to start data forwarding. However, when SRB duplications or split is used, the SeNB needs to serve the UE for the PDCP data even after this message.
The SeNB can latest release the UE context when receiving “UE Context Release” in Message 14.
[bookmark: _Toc481786653][bookmark: _Toc481845565]For the case when SeNB is released during inter-MeNB HO, existing procedures need to be modified so that the SeNB does not release the UE context too early. Details are to be discussed in RAN3.

Overall signalling over Uu and X2 when SeNB is kept
In this section, we study the case when the SeNB is kept during MeNB-handover with SRB diversity. In principle, we believe that mechanism as introduced in Rel-13 can be reused with some modifications.


Figure 10.1.2.8.8-1: Inter-MeNB handover without SeNB change (copy from TS 36.300)
Similarly to the previous case, LTE Rel-13 procedures can be taken as starting point. However, main difference is that in Step 5 (SeNB Release Request), the MeNB needs to indicate to the SeNB that the SeNB needs to continue to serve UE and provide RRC PDUs including HO command). 
When the UE receives HandoverCommand (i.e., RRCConnectionReconfiguration including MobilityControlInfo)  it triggers Random Access towards the target MeNB. In addition, the UE also performs “SCG Change” procedure as keys need to be changed (as both K-NB and S-KeNB change). This triggers Random access towards the SeNB.  The SeNB needs to deduce from Random Access or similar mechanism that security keys are changed and the UE has applied new RRC configuration (if any). 

[bookmark: _Toc481786654][bookmark: _Toc481845566]For MeNB-HO with SRB diversity when SeNB is kept, existing procedures need to be modified so that the SeNB keeps sending PDCP PDUs corresponding to the SRB data to the UE. However, details are to be discussed in RAN3.
[bookmark: _Toc481786655][bookmark: _Toc481845567]Send LS to RAN3 to adopt X2 procedures accordingly
Conclusion
In this paper we have discussed procedures for HO command duplication.  We made the following proposals:
Proposal 1	For the case when SeNB is released during inter-MeNB HO, Rel-12 procedures need to be modified so that the SeNB does not release the UE context too early. Details are to be discussed in RAN3.
Proposal 2	For MeNB-HO with SRB diversity when SeNB is kept, existing procedures need to be modified so that the SeNB keeps sending PDCP PDUs corresponding to the SRB data to the UE. However, details are to be discussed in RAN3.
Proposal 3	Send LS to RAN3 to adopt X2 procedures accordingly

Annex
[bookmark: _Toc462781053]10.1.2.8.8	Inter-MeNB handover without SeNB change
Inter-MeNB handover without SeNB change is used to transfer context data from a source MeNB to a target MeNB while the context at the SeNB is kept.



Figure 10.1.2.8.8-1: Inter-MeNB handover without SeNB change
Figure 10.1.2.8.8-1 shows an example signaling flow for inter-MeNB handover without SeNB change:
1.	The source MeNB starts the handover procedure by initiating the X2 Handover Preparation procedure. The source MeNB includes the SCG configuration in the HandoverPreparationInformation. The source MeNB includes the SeNB UE X2AP ID and SeNB ID as a reference to the UE context in the SeNB that was established by the source MeNB in the Handover Request message.
2.	If the target MeNB decides to keep the SeNB, the target MeNB sends SeNB Addition Request to the SeNB including the SeNB UE X2AP ID as a reference to the UE context in the SeNB that was established by the source MeNB.
3.	The SeNB replies with SeNB Addition Request Acknowledge.
4.	The target MeNB includes within the Handover Request Acknowledge message a transparent container to be sent to the UE as an RRC message to perform the handover which also includes the SCG configuration, and may also provide forwarding addresses to the source MeNB. The target MeNB indicates to the source MeNB that the UE context in the SeNB is kept if the target MeNB and the SeNB decided to keep the UE context in the SeNB in step 2 and step 3.
5.	The source MeNB sends SeNB Release Request to the SeNB. The source MeNB indicates to the SeNB that the UE context in SeNB is kept. If the indication as the UE context kept in SeNB is included, the SeNB keeps the UE context.
6.	The source MeNB triggers the UE to apply the new configuration.
7/8.	The UE synchronizes to the target MeNB and replies with RRCConnectionReconfigurationComplete message.
9.	The UE synchronizes to the SeNB.
10.	If the RRC connection reconfiguration procedure was successful, the target MeNB informs the SeNB.
11/12.	Data forwarding from the source MeNB takes place. Data forwarding may be omitted for SCG bearers. Direct data forwarding from the source MeNB to the SeNB is not possible for split bearers.
NOTE:	Direct data forwarding may occur only for bearer type change.
13-16.	The target MeNB initiates the S1 Path Switch procedure.
NOTE:	If new UL TEIDs of the S-GW are included, the target MeNB performs MeNB initiated SeNB Modification procedure to provide them to the SeNB.
17.	The target MeNB initiates the UE Context Release procedure towards the source MeNB.
18.	Upon reception of the UE Context Release message, the SeNB can release C-plane related resource associated to the UE context towards the source MeNB. Any ongoing data forwarding may continue. The SeNB shall not release the UE context associated with the target MeNB if the indication was included in the SeNB Release Request in step 5.
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