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4.3
Handover enhancement 

The handover enhancement includes inter-MeNB Handover without SeNB change and handover with SeNB addition.

4.3.1
Inter-MeNB HO without SeNB change
4.3.1.1
Solution
Solution-1 
The target MeNB selects the source SeNB as the target SeNB. The UE context in the SeNB is kept and is modified by the target MeNB. The target MeNB initiates the SCG-change in the SeNB. In the Uu interface, currently, it supports mobility with SCG change. 
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Figure 4.3.1.1-1: MeNB to MeNB handover without SeNB change Solution 1.
Figure 4.3.1.1-1 shows an example signaling flow for the MeNB to MeNB handover without SeNB change procedure: 

1. The source MeNB starts the MeNB to MeNB handover procedure by initiating the X2 Handover Preparation procedure. The source MeNB includes the source SeNB information e.g. eNB ID of the SeNB, UE ID in the SeNB in the Handover Request message.
2. The target MeNB decides to request the same SeNB to modify radio resources for a specific E-RAB, The MeNB sends the SeNB Modification Request message, which may contain bearer context related or other UE context related information, e.g. UE ID in the SeNB, data forwarding address information (if applicable) and SCG-ConfigInfo which contains the MCG configuration and the entire UE capabilities for UE capability coordination to be used as basis for the reconfiguration by the SeNB. In case of SCG SCell addition request, the MeNB can provide the latest measurement results for the SCG cell(s) requested to be added and SCG serving cell(s). In case of SCG Change, SCG Change Indication is included.
3. The SeNB responds with the SeNB Modification Request Acknowledge message, which may contain radio configuration information within SCG-Config message and data forwarding address information (if applicable).
4.
The target eNB includes the field in HO command and may also provide forwarding addresses to the source MeNB. The message contains information to indicate the SeNB is kept.
5.
The MeNB triggers the UE to apply the new configuration. Upon receiving the new configuration, the UE perform the mobility with SCG change.

6/7.
The UE synchronizes to the target MeNB. The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete message. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
8.
The UE synchronizes to the target MeNB.
9. If the RRC connection reconfiguration procedure was successful, the target MeNB informs the SeNB.
10/11.
Data forwarding from the source MeNB/SeNB to target MeNB/SeNB takes place for E-RABs is configured and data forwarding is needed.
12-16. The target MeNB initiates the S1 Path Switch procedure. 
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 radio and C-plane related resource associated to the old UE context. Any ongoing data forwarding may continue.
Solution-2 
The MeNB to MeNB Change without SeNB change procedure is used to transfer context data from a source MeNB to a target eNB while establish the UE context in the same SeNB. The target eNB setup a new UE context at the SeNB and source MeNB release the old UE context established in the same SeNB. The data forwarding for the bearers established in the same SeNB is internal forwarding in the SeNB. 
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Figure 4.3.1.1-2: MeNB to MeNB handover without SeNB change Solution 2.
Figure 4.3.1.1-2 shows an example signaling flow for the MeNB to MeNB handover without SeNB change procedure: 

1. The source MeNB starts the MeNB to MeNB handover procedure by initiating the X2 Handover Preparation procedure. The source MeNB includes the source SeNB information in the HandoverPreparationInformation.
2. The target MeNB decides to request the same SeNB to allocate radio resources for a specific E-RAB, indicating E-RAB characteristics (E-RAB parameters, TNL address information corresponding to the UP option). In addition, the target MeNB indicates within SCG-ConfigInfo the MCG configuration (including security algorithm for SCG bearer) and the entire UE capabilities for UE capability coordination to be used as basis for the reconfiguration by the SeNB, but does not include SCG configuration. The MeNB can provide the latest measurement results for the SCG cell(s) requested to be added. The SeNB may reject the request.  
3. If the RRM entity in the SeNB is able to admit the resource request, it allocates respective radio resources and, dependent on the bearer option, respective transport network resources. The SeNB triggers Random Access so that synchronisation of the SeNB radio resource configuration can be performed. The SeNB provides the new radio resource of SCG in SCG-Config to the target MeNB. For SCG bearers, together with S1 DL TNL address information for the respective E-RAB and security algorithm, for split bearers X2 DL TNL address information.
Note:
In case of split bearers, transmission of user plane data may take place after step 4.

Note:
In case of SCG bearers, data forwarding and the SN Status Transfer may take place after step 4.
4.
The target eNB includes the field in HO command and may also provide forwarding addresses to the source MeNB. 
5.
If the allocation of target eNB resources was successful, the MeNB initiates the release of the source SeNB resources towards the source SeNB. If data forwarding is needed, the MeNB provides data forwarding addresses to the source SeNB. Either direct data forwarding, indirect data forwarding or internal data forwarding is used for SCG bearer. Only indirect data forwarding is used for Split bearer. Reception of the SeNB Release Request message triggers the source SeNB to stop providing user data to the UE and, if applicable, to start data forwarding.
6.
The MeNB triggers the UE to apply the new configuration. Upon receiving the new configuration, the UE perform the mobility with SCG setup. 
7/8.
The UE synchronizes to the target MeNB. The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete message. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
9.
The UE synchronizes to the target MeNB.
10. If the RRC connection reconfiguration procedure was successful, the target MeNB informs the SeNB.
11/12.
Data forwarding from the source MeNB/SeNB to target MeNB/SeNB takes place for E-RABs is configured and data forwarding is needed.
13-17. The target MeNB initiates the S1 Path Switch procedure.

18.
The target MeNB initiates the UE Context Release procedure towards the source MeNB.

19.
Upon reception of the UE CONTEXT RELEASE message, the SeNB can release radio and C-plane related resource associated to the old UE context. Any ongoing data forwarding may continue.
4.3.2
Handover with SeNB Addition

4.3.2.1
Solution
Solution-1

The eNB to MeNB Change with SeNB addition procedure is used to transfer context data from a source eNB to a target MeNB/SeNB. The target MeNB setup a new UE context at a SeNB during the X2 mobility procedure.
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 Figure 4.3.2.1-1: eNB to MeNB Change with SeNB Addition.
Figure 4.3.2.1-1 shows an example signaling flow for the eNB to MeNB handover with SeNB addition procedure: 

1. The source eNB starts the eNB to eNB handover procedure by initiating the X2 Handover Preparation procedure. 
2. The target MeNB decides to request the SeNB to allocate radio resources for a specific E-RAB, indicating E-RAB characteristics (E-RAB parameters, TNL address information corresponding to the UP option). In addition, the target MeNB indicates within SCG-ConfigInfo the MCG configuration (including security algorithm for SCG bearer) and the entire UE capabilities for UE capability coordination to be used as basis for the reconfiguration by the SeNB, but does not include SCG configuration. The MeNB can provide the latest measurement results for the SCG cell(s) requested to be added. The SeNB may reject the request.  

3. If the RRM entity in the SeNB is able to admit the resource request, it allocates respective radio resources and, dependent on the bearer option, respective transport network resources. The SeNB triggers Random Access so that synchronisation of the SeNB radio resource configuration can be performed. The SeNB provides the new radio resource of SCG in SCG-Config to the target MeNB. For SCG bearers, together with S1 DL TNL address information for the respective E-RAB and security algorithm, for split bearers X2 DL TNL address information.
Note:
In case of split bearers, transmission of user plane data may take place after step 4.

Note:
In case of SCG bearers, data forwarding and the SN Status Transfer may take place after step 4.
4.
The target MeNB includes the field in HO command and may also provide forwarding addresses to the source eNB. 
5.
The source eNB triggers the UE to apply the new configuration. Upon receiving the new configuration, the UE perform the mobility with SCG setup. 

6/7.
The UE synchronizes to the target MeNB. The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete message. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
8.
The UE synchronizes to the target SeNB.
9. If the RRC connection reconfiguration procedure was successful, the target MeNB informs the target SeNB.
10/11.
Data forwarding from the source eNB to target MeNB/SeNB takes place for E-RABs is configured and data forwarding is needed.
12-16. The target MeNB initiates the S1 Path Switch procedure.

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 radio and C-plane related resource associated to the old UE context. Any ongoing data forwarding may continue.
5.
Conclusion
Handover enhancement:

The inter-MeNB HO without SeNB change can avoid unnecessary SN Status transfer and data forwarding. It can make the throughput extension as early as possible. It is proposed to discuss this enhancement in the Rel-13 work item stage.
The handover with SeNB Addition make the throughput extension as early as possible. It is proposed to discuss the enhancement in the Rel-13 work item stage.
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