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1   Introduction
A new WI on dual connectivity extension in E-UTRAN has been approved since RAN#68 plenary. One of the objectives in the WID [1] is:
· Support inter-MeNB handover without SeNB change and handover with SeNB addition. Investigate possibilities to extend the range of the UE X2AP ID as well as other possible solutions.
In this contribution, we discuss on the open issues for DC handover enhancement left in the SI phase which will still continue in the WI phase. 
2   Discussion
2.1   Whether source SeNB ID will be provided
In the inter-MeNB handover without SeNB change, the PCI of PScell which is included in the RRC Context IE of HANDOVER REQUEST can be used by target MeNB to detect the SeNB, since HeNB scenario is not considered and the PCI confusion may not happen.  But we still think the source SeNB ID is needed to be provided in the HANDOVER REQUEST explicitly which follows the slight preference of RAN3. It is more reasonable that the target MeNB checking whether it could contact the SeNB from the X2 level information for the X2 connection before exacting the SCG configuration from RRC Context IE. 

Proposal 1: The source SeNB ID is needed to be included in the HANDOVER REQUEST message explicitly.
2.2    Release of source side X2 UE-associated signalling connection

According to TR36.875 [2], there are the following three options for the release of the UE-associated signalling connection between source MeNB and the SeNB in the inter-MeNB handover without SeNB change:
· Option 1: Both SeNB Release Request in step 5 and UE Context Release in step 18 are kept without adding a new IE to the messages. Specification work for the procedural description in stage 3 is needed.

· Option 2: An explicit indicator is included in the Handover Request Acknowledge message in case the SeNB keeps unchanged. UE Context Release in step 18 is skipped.

· Option 3: An explicit indicator is included in the Handover Request Acknowledge message, the SeNB Release Request message and the, UE Context Release message. Upon receiving this indicator, the SeNB shall only trigger the release of resources related to the UE-associated signalling connection between the source MeNB and the SeNB.

In option 3, based on the indication information receiving from source side, the SeNB only triggers the release of resources related to the UE-associated signalling connection between the source MeNB and the SeNB. While in option 1 and option 2, according to the target side information, e.g. source SeNB UE X2AP ID in step 3 SENB ADDITION REQUEST, the SeNB can know that the SeNB is kept unchanged, and then only release the UE-associated signalling connection between source MeNB and the SeNB. Since the SeNB can only release the UE-associated signalling connection between source MeNB and the SeNB relying on the target side information without any additional signalling overhead, it is not necessary that the SeNB only release the UE-associated signalling connection between source MeNB and the SeNB on the basis of the source side information, which requires the explicit indicators to be introduced in the HANDOVER REQUEST ACKNOWLEDGE, the SENB RELEASE REQUEST and the UE CONTEXT RELEASE messages.  
In option 1 and 3, both the step 5 SENB RELEASE REQUEST and the step 18 UE Context Release are kept. In option 2, the step 5 SENB RELEASE REQUEST is kept and the step 18 UE Context Release is skipped. In fact, besides making the SeNB stop providing user data to the UE, the SENB RELEASE REQUEST can also be used to release the UE-associated signalling connection between source MeNB and the SeNB.  Therefore, the step 18 UE Context Release can be skipped, which reduce the X2 signalling overhead. 
In addition, the signalling overhead for the three options is summarized in the following table. Comparing with option 1 and option 3, option 2 brings less signalling overhead for the inter-MeNB without SeNB change. 
Table 1 Signalling overhead for the three options

	Option 
	Signalling overhead

	Option 1
	· No new IE introduced.

· Both the SENB RELEASE REQUEST and the UE CONTEXT RELEASE are kept. 

	Option 2
	· An explicit indicator is introduced in the HANDOVER REQUEST ACKNOWLEDGE.

· Only the SENB RELEASE REQUEST is kept and the UE CONTEXT RELEASE is skipped.

	Option 3
	· An explicit indicator is introduced in the HANDOVER REQUEST ACKNOWLEDGE, the SENB RELEASE REQUEST and the UE CONTEXT RELEASE.

· Both the SENB RELEASE REQUEST and the UE CONTEXT RELEASE are kept.
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Proposal 2: Option 2 is suggested as the final selection for the release of the UE-associated signalling connection between source MeNB and the SeNB in the inter-MeNB handover without SeNB change. 
2.3   Issue of UE X2AP ID range

According to the discussion during the study item on extension of dual connectivity in E-UTRAN, the UE X2AP ID specified in the TS36.401 [3] is unique within the eNB logical node [2].   
The Number of active user is defined in 3GPP TS 25.913 [4] as described in chapter 6.2.1.1. The system should be able to support a large number of users per cell with quasi instantaneous access to radio resources in the active state. It is expected that at least 200 users per cell should be supported in the active state for spectrum allocations up to 5 MHz, and at least 400 users for higher spectrum allocation. 
Based on a constant Max RRC connected user number and a certain service profile, number of active user, schedule delay and mean throughput/sub is a quasi linear relation as shown in the figure 1 below. 
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Figure 1
Obviously, the user experience (mean throughput) will decrease with the increase of active user in one cell, schedule delay also index the user experience. Shorter schedule delay means the better user experience. User experience is the first priority factor for a commercial network, so the balance between number of active user and user experience should be considered under the real scenario. For example, let’s say the mean throughput of one cell is 40Mbps, if there are 400 active users in one cell, the mean throughput per sub is approximately 100kbps. When there are 2000 active users in one cell, the mean throughput per sub is only 20kbps, it mean a very bad user experience in LTE network. 
Based on the specification [4] and simulation result for a commercial network modal, we assume there are 400 active users in a cell, and there are typical 3 cells in an eNB. Therefore, the maximum of active UEs in an eNB is 1200. No matter for the normal X2 handover or the for the dual connectivity operation, the currently defined number of the UE X2AP ID (i.e. 4096) is enough to handle the X2 UE-associated signalling connection. Therefore, the currently defined range of UE X2AP ID is not needed to be extended. 
Proposal 3: The currently defined range of UE X2AP ID is not needed to be extended. 
2.4   Data forwarding 

In the inter-MeNB handover without SeNB change, the data forwarding path is SeNB->source MeNB->target MeNB->SeNB. For SCG bearers, the data forwarding can be omitted. And for split bearers, the direct data forwarding from source MeNB to SeNB or from the SeNB to target MeNB is not possible. Considering the bearer type change from MCG/SCG to SCG/MCG and from MCG/split to split/MCG which is agreed to support during the SI on extension of dual connectivity in E-UTRAN, the data forwarding path is SeNB->source MeNB->target MeNB when the bearer type change from SCG to MCG, and the data forwarding path is source MeNB->target MeNB->SeNB when the bearer type change from MCG to SCG. Therefore, in order to support the direct data forwarding from SeNB to target MeNB in case of the bearer type change from SCG to MCG, source MeNB shall include the data forwarding address of target MeNB which is got from the step 4 HANDOVER REQUEST ACKNOWLEDGE in step 5 SENB RELEASE REQUEST to SeNB. And in order to support the direct data forwarding from source MeNB to SeNB in case of the bearer type change from MCG to SCG, target MeNB shall include the data forwarding address of SeNB which is got from step 3 SENB ADDITION REQUEST ACKNOWLEDGE in step 4 HANDOVER REQUEST ACKNOWLEDGE to source MeNB. 
In the handover with SeNB addition, the data forwarding path is eNB->target MeNB->target SeNB. For split bearers, the direct data forwarding from eNB to target SeNB is not possible. While for SCG bearers, the direct data forwarding from eNB to target SeNB is possible. In order to support the direct data forwarding from eNB to target SeNB, target MeNB shall include the data forwarding address of target SeNB which is got from step 3 SENB ADDITION REQUEST ACKNOWLEDGE in step 4 HANDOVER REQUEST ACKNOWLEDGE to eNB. 
Proposal 4: In the inter-MeNB handover without SeNB change, in order to support the direct data forwarding from SeNB to target MeNB in case of the bearer type change from SCG to MCG, source MeNB shall include the data forwarding address of target MeNB in SENB RELEASE REQUEST, and in order to support the direct data forwarding from source MeNB to SeNB in case of the bearer type change from MCG to SCG, target MeNB shall include the data forwarding address of SeNB inHANDOVER REQUEST ACKNOWLEDGE. 
Proposal 5: In the handover with SeNB addition, target MeNB shall include the data forwarding address of target SeNB in HANDOVER REQUEST ACKNOWLEDGE in order to support the direct data forwarding from eNB to target SeNB.

2.5   Whether the SCG configuration should be included in Handover Request  

In TR36.875 [2], it states that the source eNB includes the SCG configuration in the HandoverPreparationInformation in step 1 for the handover with SeNB addition.  In our understanding, the intention for including the SCG configuration in the step 1 is to carry the measurement result of SeNBs. However, in the handover with SeNB addition, it only needs that the source eNB inform the measurement result of eNBs. Whether to perform the dual connectivity after inter-eNB handover totally depends on the decision of the target eNB. According to the TS36.331 [5], it is achievable to include measurement result of eNBs in the current existing RRM-Config IE. We think it is not necessary to include the measurement result of SeNBs in SCG configuration of HandoverPreparationInformation. Therefore, the source eNB does not need to include the SCG configuration in the HandoverPreparationInformation.
Proposal 6: For the handover with SeNB addition, in step 1, it does not need that the source eNB includes the SCG configuration in the HandoverPreparationInformation.

3   Conclusion
In the contribution, we mainly discussed open issues for DC handover enhancement left in the SI phase. It is proposed RAN3 to agree the following proposals and the related CRs in [6][7]:

Proposal 1: The source SeNB ID is needed to be included in the HANDOVER REQUEST message explicitly.
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Proposal 2: Option 2 is suggested as the final selection for the release of the UE-associated signalling connection between source MeNB and the SeNB in the inter-MeNB handover without SeNB change. 
Proposal 3: The currently defined range of UE X2AP ID is not needed to be extended. 
Proposal 4: In the inter-MeNB handover without SeNB change, in order to support the direct data forwarding from SeNB to target MeNB in case of the bearer type change from SCG to MCG, source MeNB shall include the data forwarding address of target MENB in SENB RELEASE REQUEST, and in order to support the direct data forwarding from source MeNB to SeNB in case of the bearer type change from MCG to SCG, target MeNB shall include the data forwarding address of SeNB inHANDOVER REQUEST ACKNOWLEDGE. 

Proposal 5: In the handover with SeNB addition, target MeNB shall include the data forwarding address of target SeNB in HANDOVER REQUEST ACKNOWLEDGE in order to support the direct data forwarding from eNB to target SeNB.
Proposal 6: For the handover with SeNB addition, in step 1, it does not need that the source eNB includes the SCG configuration in the HandoverPreparationInformation.
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