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1. Introduction
At the RAN3#87 meeting, some FFSs were captured in the technical report [1] for inter MeNB handover, and Revised Study Item Description of extension of Dual Connectivity in EUTRAN was approved at RAN#67 [2]. In order to remove these FFSs from the technical report, we analyzed them.
2. Discussion
Approved sequence of inter MeNB handover still has FFSs;
	FFS 1.  Reference to the UE context in the SeNB with the SeNB UE X2AP ID or the C-RNTI


To maintain the relation between the SeNB and the UE during inter MeNB handover without SeNB change, the SeNB needs to be informed from the MeNB of the identifier to know the concerned UE context. There are 2 candidates, the SeNB UE X2AP ID and the C-RNTI. Although both IDs can work to identify the UE context, there are following differences.
· SeNB UE X2AP ID
This ID is uniquely allocated to an UE in the X2AP of SeNB. So, the SeNB X2AP ID is related to the X2AP session for the concerned UE. It seems straight forward to use the SeNB UE X2AP ID to refer the UE context. In this case, the handover request from the source MeNB should inform the target MeNB of the SeNB UE X2AP ID which is currently configured with dual connectivity. 
· C-RNTI
Two C-RNTIs are independently allocated to an UE by the MACs in the MeNB and the SeNB respectively, i.e., one for MCG and the other for SCG, to identify the concerned UE in AS layer. Assuming the C-RNTI in the SeNB is used for reference of the UE context, the target MeNB will inform the SeNB of the ID within the SeNB Addition/Modification Request.. In this case, the source MeNB may also need to acquire the C-RNTI from the SeNB in advance, to inform the target MeNB within the handover request. 
Therefore, the SeNB UE X2AP ID is more suitable for the reference to the UE context in the SeNB. 

Proposal 1: The SeNB UE X2AP ID should be used for the reference to the UE context in the SeNB, and remove FFS 1.

	FFS 2.  SeNB Modification Request or another X2AP message can be used in step 3 instead of SeNB Addition Request
FFS 3.  If the SeNB is kept, does the eNB1 can skip the SeNB release procedure in step 6 and UE Context Release in step 15


While the current TR [1] captures the inter-MeNB handover procedure with the SeNB Addition Preparation. the SeNB Modification Preparation is still on the table. 
· SeNB Modification Preparation

With the SeNB Modification Preparation, the SeNB Release procedure and the UE Context Release procedures from the source MeNB may not be necessary, since the UE context in the SeNB can be retained during the handover. From the perspective of the SeNB, the UE context of the concerned UE is reused and then modified to adopt the new configurations which are provided in the SENB MODIFICATION REQUEST initiated by the target MeNB (e.g. SeNB Security Key). This behavior is aligned with the current specification, i.e., the existing SeNB Modification Preparation procedure [3]. 
With regard to the SeNB UE X2AP ID included in the SENB MODIFICATION REQUEST, the target MeNB should include the same ID with one already allocated by the SeNB before the handover procedure as discussed in FFS 1. So, the SeNB could notice that the inter-MeNB handover is initiated and the source’s MeNB UE X2AP ID should be changed to the new target’s MeNB UE X2AP ID.
Observation 1: With the SeNB Modification Preparation with successful operation, the step 6 and step 15 are not necessary. 
· SeNB Addition Preparation

With the SeNB Addition Preparation, the SeNB may create a new UE context for the concerned UE upon reception of the SENB ADDITON REQUEST initiated by the target MeNB. Since the SeNB has not released the old UE context at this point, it causes duplication of UE contexts for the same UE in the SeNB. So, the UE context release procedure from the source MeNB should be necessary to release the old UE context.
Note that the current SENB ADDITION REQUEST only includes the MeNB UE X2AP ID. So, SeNB may implicitly understand occurrence of the inter MeNB handover without SeNB change, if the SeNB UE X2AP ID is included in the message. 

Observation 2: With the SeNB Addition Preparation, the step 6 and step 15 are needed. 
· Abnormal condition 

It should be also considered that there are 3 abnormal conditions in the inter MeNB handover without SeNB change. These conditions and evaluations are described as following Table 1;
Table 1: abnormal conditions
	Condition
	Handover preparation
	SeNB Addition/ Modification preparation
	Who releases SeNB?
	Notes

	1
	ACK
	NACK
	Source MeNB
	If SeNB Modification is assumed, source MeNB needs to know whether to initiate the release.

	2
	NACK
	ACK
	Target MeNB
	If SeNB Modification is assumed, target MeNB needs to return the previous SeNB configuration for source MeNB.

	3
	NACK
	NACK
	No need to release
	Source MeNB just continue the dual connectivity for the UE.


Condition 1. HANDOVER REQUEST ACKNOWLEDGE with SENB ADDITION/MODIFICATION  REQUEST REJECT
With the SeNB Modification Preparation, the source MeNB should release the SeNB, since the X2 session for the dual connectivity is still retaining between the source MeNB and the SeNB due to the rejection. Unless the source MeNB comprehends the final RRC message or be informed of the rejection, it has no way to decide whether the SeNB Release should be initiated. 

On the other hand, with the SeNB Addition Preparation, the source MeNB initiates the SeNB Release procedure, regardless whether the rejection occurs or not. This case could be considered as same as the “MeNB to eNB change” defined in Rel-12.
Observation 3: The SeNB Modification Preparation may need different behavior in abnormal condition. 
Condition 2. HANDOVER PREPARATION FAILURE with SENB ADDITION/MODIFICATION REQUEST ACKNOWLEDGE
With the SeNB Modification Preparation, the target MeNB should re-initiate the SeNB Modification Preparation to return the role of master for the dual connectivity to the source MeNB. In addition, the source MeNB needs to be informed from either the SeNB or the target MeNB whether the role has returned or not. 
With the SeNB Addition Preparation, the target MeNB should just initiate the SeNB Release, since the X2 session between source MeNB and the SeNB for the dual connectivity retains regardless of this handover rejection. 

Observation 4: Two SeNB Modification Preparation may be initiated in handover failure case. 
Condition 3. HANDOVER PREPARATION FAILURE with SENB ADDITION/MODIFICATION REQUEST REJECT
Regardless of the SeNB Addition/Modification Preparation, there is no need to initiate the SeNB Release Request since the SeNB Addition/Modification request has been already rejected and the dual connectivity between the source MeNB and the SeNB is just retained. So, there is no issue in this condition. 

Comparing to the candidate procedures in the abnormal conditions, the SeNB Modification Preparation may be more complicated than the SeNB Addition Preparation, i.e., whether to initiate SeNB Release Request case-by-case. Therefore, it’s slightly preferred that the SeNB Addition Preparation is used for inter MeNB handover procedure. 
Observation 5: The SeNB Addition procedure, there is no special behavior even in abnormal conditions. 
Proposal 2: The SeNB Addition Preparation procedure should be used for inter MeNB handover without SeNB change, and remove FFS 2.
Proposal 3: The SeNB Release procedure and the UE Context Release procedure should be necessary, and remove FFS 3.
	FFS 4.  Data forwarding needs to be further considered in general; omission? Direct data forwarding?


Data forwarding should be analyzed separately for the options of split bearer and SCG bearer.  

· Split bearer option

With regard to UL, the SeNB should forward the UL PDCP PDU to the source MeNB over X2-U, as far as the UE ciphers the UL PDCP PDU in its PDCP which is configured by the source MeNB. Upon inter MeNB handover, the PDCP SDU deciphered in the source MeNB should be forwarded to the target MeNB. After reconfiguration of the UE, the SeNB starts to forward the PDCP PDU to the target MeNB over X2-U, which is ciphered with the ciphering key which is same as one of the target MeNB. So, the SeNB should forwards UL PDCP PDU to the appropriate MeNB, according to the ciphering key configured in the UE. Therefore, the direct data forwarding from the SeNB to the target MeNB is not applicable in UL.
As same as UL, DL should also take into account the ciphering key of PDCP PDU, i.e., the source/target MeNB should provide PDCP PDU before/after reconfiguration of the UE. So, the source MeNB should forward the PDCP SDU to the target MeNB upon inter MeNB handover. Therefore, the direct data forwarding from the SeNB to the target MeNB is not applicable in DL. 

In conclusion, the split bearer cannot apply the direct data forwarding and the omission of data forwarding. 
Observation 6: Split bearer can apply neither direct data forwarding nor omission of data forwarding, from the deciphering of PDCP PDU point of view. 

· SCG bearer option

Unlike split bearer case, X2-U is not assumed in SCG bearer option, i.e., there is no ciphering key issue in data forwarding thanks to no PDCP PDU forwarding. Since SCG bearer may retain the GTP tunnel between the SeNB and the S-GW during inter MeNB handover, the DL PDCP SDU can be applicable after inter MeNB handover and the UL PDCP SDU can as well. Therefore, upon inter MeNB handover SCG bearer can omit data forwarding from the SeNB to the source MeNB and also from the target MeNB to the SeNB. 
In addition, assuming bearer type change is supported, the direct data forwarding may be possible as far as bearer type information is exchanged between eNBs. In case of MCG bearer ( SCG bearer, the source MeNB may perform direct data forwarding of PDCP SDU to the SeNB. In case of SCG bearer ( MCG bearer, the SeNB may perform direct data forwarding to the target MeNB. 
In conclusion, the SCG bearer can omit data forwarding. In addition, upon bearer type change between MCG bearer and SCG bearer, it’s possible to apply the direct data forwarding as far as corresponding bearer information is exchanged between eNBs. The details of information exchange should be left up to WI phase. 
Observation 7: SCG bearer may omit data forwarding when no bearer type change occurs. 
Proposal 4: SCG bearer may perform direct data forwarding upon bearer type change. Details should be left up to WI phase, and remove FFS 4. 

	FFS 5.  Bearer type change


It’s assumed in this analysis to use the SeNB Addition Preparation during the inter MeNB handover.
It should be considered whether the bearer type change affects on handling of bearer-associated IEs, which are mapped to RRC container related IEs (e.g. RRC Context IE) in the Handover Preparation procedure, and mapped to E-RAB list related IEs (e.g. E-RABs To Be Setup List IE, E-RABs Admitted List IE, E-RABs To Be Added List IE or E-RABs Admitted To Be Added List IE) in Handover Preparation or SeNB Addition Preparation procedures. In addition, the Path Switch Request should be also taken into consideration.  On the other hand, there should not be any impacts on non-bearer-associated IEs, e.g., UE-AMBR. 
· Bearer-associated IEs
RRC Containers in Handover Preparation procedure
For the RRC reconfiguration with bearer type change during handover, it is necessary to contain such modified bearer configurations in the Target eNB to Source eNB Transparent Container, compared to the RRC Context. To make the final RRC message, the MeNBs can use these IEs without any limitation. According to the current specification [5], there is no limitation to change the bearer type during a handover. So, no problem can be seen in the RRC containers.  
Observation 8: No issue can be seen in the current RRC Containers. 
E-RAB-related lists in Handover Preparation procedure
Regardless of bearer type change, the E-RABs To Be Setup List in Handover Request needs to contain the bearer type, i.e., SCG or Split. Even if bearer type change occurs during the Handover Preparation procedure, it may not be necessary that the Handover Request Acknowledge needs to inform the source MeNB of each bearer type change, as long as at least one non-GBR E-RAB corresponding to MCG bearer can be admitted in the target MeNB. 
With regard to the data forwarding in the handover procedure, the existing UL/DL GTP Tunnel Endpoint IEs may be reused according to the current IE structure.  Note that optimizations in handling of GTP Tunnel Endpoint for the direct data forwarding should be considered in the WI phase, e.g., the GTP Tunnel Endpoints upon MCG bearer (( SCG bearer changes. For example of the direct data forwarding with SCG ( MCG, the source MeNB may need to assign in SeNB Release procedure the GTP Tunnel Endpoints of the target MeNB informed by the Handover Request Acknowledge. In case of MCG ( SCG, the source MeNB may be informed of the GTP Tunnel Endpoints of the SeNB within the Handover Request Acknowledge
Proposal 5: The E-RABs To Be Setup List should be enhanced in the WI phase. 
Proposal 6: The handling of GTP Tunnel Endpoints for direct data forwarding should be left up to the WI phase. 
E-RABs-related lists in SeNB Addition Preparation procedure
Regardless whether the number of SCG/split bearers after handover is increased or decreased upon bearer type change, the target MeNB could only include the bearer information with MCG ( SCG (bearer type change) and SCG ( SCG (retained), within the E-RABs To Be Added IE in SENB ADDITION REQUEST, which is consistent with the current behavior of the SeNB Addition Preparation procedure. The other bearers, i.e., SCG ( MCG (bearer type change), is released from the source MeNB in SeNB Release procedure.  
Observation 9: No issue can be seen in the current E-RAB-related lists in the SeNB Addition Preparation procedure.
· Path Switch Request in S1-AP

MCG bearer ( SCG bearer

The PATH SWITCH REQUEST message would contain different Transport Layer addresses of the SeNB and the target MeNB. Such configuration may not be assumed in the legacy handover but introduced explicitly in Rel-12 DC (within the E-RAB MODIFICATION INDICATION). Since MME may need to assume the additional behavior the PATH SWITCH REQUEST should be revisited, e.g., whether the occurrence of bearer type change should be informed explicitly in order to establish the UE-associated logical S1-connection. 
Proposal 7: PATH SWITCH REQUEST procedure should be enhanced in the WI phase. 
SCG bearer ( MCG bearer

On the other hand, in case of SCG bearer ( MCG bearer, the PATH SWITCH REQUEST message would be seen as same as legacy handover, i.e., all transport layer addresses are the same and of the target MeNB. So, there is no issue seen in this case.
Split/MCG ( MCG/Split bearer

In this case, all S1-U bearers are terminated in the MeNB, regardless whether each bearer is corresponding to Split bearer or MCG bearer. So, the PATH SWITCH REQUEST message would be seen as same as legacy handover.
Observation 10: No issue can be seen in bear type change to MCG bearer. 
In the all cases above, all bearers should be terminated in the same S-GW within PATH SWITCH REQUEST ACKNOWLEDGE, according to the Rel-12 principle. 
Observation 11: All bearers should be terminated in the same S-GW, regardless of the bearer type. 
Note that the direct bearer type change i.e., from Split/SCG bearer to SCG/Split bearer is not supported in RAN2 specification [4].
From the procedure perspective, there is no significant issue in above consideration, while some enhancements for Rel-13 are identified but should be considered in the WI phase. In addition, the bearer type change is expected to allow the target MeNB more flexibilities in dual connectivity configurations, e.g., based on its own RRM. Therefore, RAN3 should conclude the bearer type change during inter MeNB handover is feasible in SI phase.
Proposal 8: Bearer type change is feasible during inter MeNB handover, and remove the FFS 5.

3. Conclusions

In this paper, we analyze the five FFSs to support inter MeNB handover. RAN3 is kindly asked to discuss and agree on the following proposals; 

Proposal 1: The SeNB UE X2AP ID should be used for the reference to the UE context in the SeNB, and remove FFS 1.
Observation 1: With the SeNB Modification Preparation with successful operation, the step 6 and step 15 are not necessary. 

Observation 2: With the SeNB Addition Preparation, the step 6 and step 15 are needed. 
Observation 3: The SeNB Modification Preparation may need different behavior in abnormal condition. 
Observation 4: Two SeNB Modification Preparation may be initiated in handover failure case. 
Observation 5: The SeNB Addition procedure, there is no special behavior even in abnormal conditions. 
Proposal 2: The SeNB Addition Preparation procedure should be used for inter MeNB handover without SeNB change, and remove FFS 2.

Proposal 3: The SeNB Release procedure and the UE Context Release procedure should be necessary, and remove FFS 3. 
Observation6: Split bearer can apply neither direct data forwarding nor omission of data forwarding, from the deciphering of PDCP PDU point of view. 
Observation7: SCG bearer may omit data forwarding when no bearer type change occurs. 
Proposal 4: SCG bearer may perform direct data forwarding upon bearer type change, Details should be left up to WI phase, and remove FFS 4.
Observation 8: No issue can be seen in the current RRC Containers. 
Proposal 5: In consideration with observation 4 to 6, Bearer type change should be supported during inter MeNB handover, and remove the FFS 5.
Proposal 6: The handling of GTP Tunnel Endpoints for direct data forwarding should be left up to the WI phase. 
Observation 9: No issue can be seen in the current E-RAB-related lists in the SeNB Addition Preparation procedure.

Proposal 7: PATH SWITCH REQUEST procedure should be enhanced in the WI phase. 
Observation 10:
No issue can be seen in bear type change to MCG bearer.
Observation 11: All bearers should be terminated in the same S-GW, regardless of the bearer type. 

Proposal 8: Bearer type change is feasible during inter MeNB handover, and remove the FFS 5.
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