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1. Introduction
At RAN#62, the new work item on Dual Connectivity was approved [1]. At the outset of the normative work, stage-2 description is one of important topics to be discussed, especially handover procedures involving dual connectivity as follows [2]
	Stage-2 description of signalling charts for addition, modification and release of SCGs.

How to realize MCG handover (MeNB => MeNB)? Keep or release and renew SCG?

How to realize SCG handover (SeNB => SeNB)? As SCG-release + SCG-addition? Or a separate procedure?


This contribution discusses the mechanisms needed for MCG handover and SCG handover, taking into account various handover scenarios. 
2. Terminologies
As indicated above, the functionality of “MCG handover” and “SCG handover” is one of the main agenda items for dual connectivity [2]. Before the terms “MCG handover” and “SCG handover” are adopted, RAN2 should first consider the implications of using these terminologies. Since MCG implies the possibility that both PCell and SCells are configured to the UE by intra-eNB Carrier Aggregation (intra-eNB CA), the use of the term “MCG handover” may be misleading and may contradict with the existing intra-eNB CA handover procedure, since the existing intra-eNB CA procedure only allows PCell handover. However, the existing intra-eNB CA procedure may imply a capability on combining PCell handover with DC functionality. Although such functionality is not yet assumed in pre-Rel-12, to facilitate further discussion on this functionality, it is suggested that the term “PCell handover with DC” be used to refer to such functionality. Further details on the usefulness of this functionality are discussed in section 4.1 . 
Observation 1 
MCG handover consisting of both PCell and SCells is not permitted according to the existing intra-eNB CA handover procedure
Proposal 1
PCell handover with DC should be used to refer to the handover between two MeNBs while dual connectivity is activated. It is FFS whether such functionality is really needed.
Similarly, it is suggested that “Special Cell handover” be used to describe the handover between two SeNBs instead of “SCG handover”. This would provide consistent procedure with the handovers between two MeNBs. 
Proposal 2
Special Cell handover should be used to refer to the handover between two SeNBs during dual connectivity. It is FFS whether such functionality is really needed.
3. Handover scenarios
During the Study Item phase, the targeted deployment scenario was adopted in the TR [3] and reproduced here as Fig. 1. The dense small cell deployment shown in Fig.1 was required to support huge traffic in some scenarios e.g. dense urban or large shopping mall. In particular, with dense small cell deployments, it’s reasonable to expect many small cells deployed at boundaries of macro cells (refer to the upper right macro cell in Fig. 1, as an example).
Observation 2
Many small cells may be deployed near macro cells boundaries. 
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Fig. 1
Deployment scenarios of the small cell study in RAN [3]
As a result of observation 2, handover procedures with dual connectivity should not be excluded for consideration in this Work Item. Specifically, PCell handover with DC may be useful under the following scenario: 
· Scenario M1: A SeNB is deployed on the cell edge between a source MeNB (S-MeNB) and a target MeNB (T-MeNB). (Fig. 2) 
And Special Cell handover may be useful under the following scenario: 
· Scenario S2: A source SeNB (S-SeNB) and a target SeNB (T-SeNB) are deployed within coverage of a MeNB. (Fig. 3)
Finally, a combination of PCell handover with DC and Special Cell handover may be useful under the following scenario: 
· Scenario M3:
A SeNB (SeNB1) is deployed within coverage of S-MeNB and a neighbor SeNB (SeNB2) is deployed within coverage of T-MeNB. Note that the cell edges between MeNBs and the cell edges between SeNBs are in the same region. (Fig. 4
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Proposal 3
RAN2 should take into account the three handover scenarios involving dual connectivity. 
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Fig. 2
PCell handover with DC scenario M1
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Fig. 3
Special Cell handover scenario S2
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Fig. 4
PCell handover with DC scenario M3
4. Possible handover procedures
PCell handover with DC
Scenario M1
Issues with current handover procedure
A straightforward application of the current handover procedure with dual connectivity for Scenario M1 is illustrated in Fig. 5. This handover procedure assumes three RRC Connection Reconfiguration messages are needed to complete the handover for dual connectivity; one for the release of SeNB, one for the MeNB handover and one for the addition of the same SeNB. The increased number of RRC Connection Reconfiguration messages for this handover procedure may result in more occasions of RLF/HOF as well as throughput degradations. 
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Fig. 5
Current handover procedure assuming release/renew SCG before/after PCell handover with DC
Observation 3
With Scenario M1, the current procedure for releasing and adding the same SeNB during a PCell handover requires multiple RRC Connection Reconfigurations that may lead to increased RLF/HOF. 
Details of PCell Handover with DC
To reduce the number of unnecessary RRC Connection Reconfigurations, an enhanced handover procedure may be considered as described in Fig. 6. The procedure allows the UE to keep at least the Special Cell during the PCell handover with DC so that only one RRC Connection Reconfiguration is needed. The PCell handover with DC may be realized using one of the following alternatives: 
· ALT 1: The handover request message may include parameters associated with the existing SeNB configurations, so that the T-MeNB may initiate SeNB addition procedure towards the SeNB. 
· ALT 2: The handover request message may include a simple indication that the handover procedure involves dual connectivity. The T-MeNB (or possibly the SeNB) initiates SeNB addition procedure before handover completion. 
With either alternative, it is assumed that after the admission control in T-MeNB, the SeNB is released from S-MeNB and added to T-MeNB in advance of reconfiguration of the UE. Subsequently, the T-MeNB will send an RRC container with both configurations for handover and SeNB addition to the S-MeNB where the final RRC Connection Reconfiguration will be sent to the UE. 
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Fig. 6
Possible enhanced PCell handover with DC procedure keeping SCG
Observation 4
Enhanced PCell handover with DC procedure can reduce the number of RRC Connection Reconfiguration messages and allow the UE to keep the SCG configuration. 
Proposal 4
RAN2 should decide if either of the two alternatives should be used to realize PCell handover with DC. 
If a procedure for PCell handover with DC is agreed, we kindly ask RAN2 to request RAN3 to consider the handover procedure involving SeNB Addition/Modification in detail, facilitating just one RRC Connection Reconfiguration. 
Proposal 5
RAN2 should ask RAN3 to consider the option to enhance the MeNB handover procedure involving dual connectivity with just one RRC Connection Reconfiguration. 
Special Cell handover
Scenario S2
The concept of Special Cell handover is new; however, this may be easily realized using the current handover procedure and SeNB addition/modification/release procedures captured in [3] as shown in Fig. 7. 
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Fig. 7
Possible Special Cell handover procedure
In contrast to PCell handover with DC, Special Cell handover can be realized by using the SeNB Addition/Modification and SeNB Release functionalities in the SeNB Addition/Modification Request message since the RRC entity with the MeNB remains unchanged for the UE. Base on the procedure in Fig. 7, two  RRC Connection Reconfiguration messages are needed. However, this can be easily reduced if the SeNB Release Response message does not contain an RRC container which means the MeNB will not need to send an RRC Reconfiguration Message to the UE just to release the S-SeNB. And this is in-line with the current RAN2 agreements captured in [3] below. 
	5)
The MeNB does not change the content of the RRC configuration provided by the SeNB.
-
FFS whether the MeNB requests the SeNB to release a serving cell for one of its UEs and the SeNB creates a container that will result in the release of a serving cell. Or whether the MeNB can by itself release a serving cell maintained by the SeNB.

-
FFS whether the MeNB needs to comprehend or may reject the RRC Container received from the SeNB.
-
FFS how MeNB and SeNB “share” e.g. the L1 processing capabilities.


Observation 5
The number of RRC Connection Reconfiguration messages used in the Special Cell handover can be reduced if an RRC container is not included within the SeNB Release Response message. 
Another alternative is to define a new message such as the “SeNB Swap Request” without an RRC container. Referring to Fig. 8, either the MeNB or the S-SeNB may initiate the SeNB Swap procedure which is used to inform the other eNB of the Special Cell handover. After coordination between eNBs is completed, the T-SeNB sends the Addition/Modification Command containing RRC container to the MeNB, whereby the MeNB may subsequently forward the RRC container within the RRC Connection Reconfiguration to the UE, 

[image: image8.emf]MeNB S-SeNB T-SeNB UE

SeNB Swap

RRC Connection 

Reconfiguration

SeNB Addition

SeNB Swap


Fig. 8
SeNB Swap procedure without RRC container
Proposal 6
RAN2 should decide if the SeNB Release Response should include the RRC container for the Special Cell handover. 
Scenario M3
In this scenario, the cell edges of both MeNBs and SeNBs are in the same region. There are three alternatives to be considered; 
· ALT1: PCell handover is initiated after SeNB1 release. This is the same as current intra-eNB PCell handover procedure. SeNB2 may be added after HO completion.
· ALT2: PCell handover with DC is initiated while the SeNB1 configuration is kept. Then a Special cell handover is separately initiated from SeNB1 to SeNB2. This alternative basically assumes the handover procedure for M1 and S2 are separately initiated. 
· ALT3: Both PCell handover with DC and Special cell handover are initiated simultaneously. It needs a parallel handover procedure combining scenarios M1 and S2. 
With ALT2 and ALT3, a separate handover enhancement procedure is not needed.  Instead, it is sufficient to   reuse the handover procedures discussed for scenario M1 and scenario S2. 
Observation 6
Enhanced handover procedures for Scenarios M1 and S2 may be applicable to Scenario M3. A separate enhanced handover procedure for Scenario M3 is not needed.
5. Other constraints for handover scenario
As agreed in the study phase, Xn functionality for dual connectivity is realized over the existing X2 interface [4]. Therefore, enhanced dual connectivity procedure is not applicable over the S1 interface. For handovers with dual connectivity, the SeNB should be released from the UE before S1 handover procedure is completed. 
Observation 7
Enhanced handover procedures for dual connectivity should only be applicable over the X2 interface. 
6. Conclusion 
In this paper, we discussed the scenarios for MCG and Special Cell handover and the possible enhancements to the existing procedures. We have the following observations and proposals. RAN2 is kindly asked to take them into account as a baseline for initial discussions of the normative work. 
Observation 1 
MCG handover consisting of both PCell and SCells is not permitted according to the existing intra-eNB CA handover procedure
Proposal 1
PCell handover with DC should be used to refer to the handover between two MeNBs while dual connectivity is activated. It is FFS whether such functionality is really needed.

Proposal 2
Special Cell handover should be used to refer to the handover between two SeNBs during dual connectivity. It is FFS whether such functionality is really needed.

Observation 2
Many small cells may be deployed near macro cells boundaries.
Proposal 3
RAN2 should take into account the three handover scenarios involving dual connectivity. 
Observation 3
With Scenario M1, the current procedure for releasing and adding the same SeNB during a PCell handover requires multiple RRC Connection Reconfigurations that may lead to increased RLF/HOF. 
Observation 4
Enhanced PCell handover with DC procedure can reduce the number of RRC Connection Reconfiguration messages and allow the UE to keep the SCG configuration.
Proposal 4
RAN2 should decide if either of the two alternatives should be used to realize PCell handover with DC. 
Proposal 5
RAN2 should ask RAN3 to consider the option to enhance the MeNB handover procedure involving dual connectivity with just one RRC Connection Reconfiguration. 
Observation 5
The number of RRC Connection Reconfiguration messages used in the Special Cell handover can be reduced if an RRC container is not included within the SeNB Release Response message.
Proposal 6
RAN2 should decide if the SeNB Release Response should include the RRC container for the Special Cell handover. 
Observation 6
Enhanced handover procedures for Scenarios M1 and S2 may be applicable to Scenario M3. A separate enhanced handover procedure for Scenario M3 is not needed.
Observation 7
Enhanced handover procedures for dual connectivity should only be applicable over the X2 interface.
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