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1.
Introduction
The E-RAB Modification Indication Procedure was agreed in the past RAN3 meetings for the Path Switch of Architecture 1A based Dual Connectivity:
· S1-AP: E-RAB Modification Indication message
· S1-AP: E-RAB Modification Confirm message
However, some issues are left for further discussion such as: 

1) Whether the E-RAB Modification Failure message is necessary or not 
2) How to handle the problem of E-RAB ID missing in E-RAB Modification Indication message sent to MME. 
In this paper, we investigate the issues above and shows the possible solutions on it. 
2.
Discussion
2.1 Issue 1: whether the E-RAB Modification Failure message is necessary or not 
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Fig.1. E-RAB Modification Indication procedure. 
As shown in Fig. 1 from the baseline CR [6], the E-RAB Modification Indication Procedure was adopted in stage 2 to support the modification of already established E-RAB configurations, in which the two messages, E-RAB Modification Indication message and E-RAB Modification Confirm message, were agreed with stage 3 baseline CR [7]. However, about the failure message, it is FFS. The following section is to discuss the necessity of this message. 
It is better to refer to the definition of Path Switch Request Failure message, which was defined for X2 handover procedure, since they share the same commonality for changing or modifying the E-RAB configurations. Several reasons are given as follows for defining Path Switch Request Failure message: 
Reason 1: If the EPC fails to switch the downlink GTP tunnel endpoint towards a new GTP tunnel endpoint for all E-RABs included in the E-RAB To Be Switched in Downlink List IE during the execution of the Path Switch Request procedure, the MME shall send the PATH SWITCH REQUEST FAILURE message to the eNB with an appropriate cause value. In this case, the eNB should decide its subsequent actions and the MME should behave as described in TS 23.401.
Reason 2: If the MME receives a PATH SWITCH REQUEST message containing several E-RAB ID IEs (in the E-RAB To Be Switched in Downlink List IE) set to the same value, the MME shall send the PATH SWITCH REQUEST FAILURE message to the eNB.
Reason 3: If the MME receives a PATH SWITCH REQUEST message without the CSG Membership Status IE, and the cell accessed by the UE is a hybrid cell with a different CSG from the source cell or the source cell does not have a CSG ID, the MME shall send the PATH SWITCH REQUEST FAILURE message to the eNB.
Reason 4: If the CSG Membership Status IE is not included in the PATH SWITCH REQUEST ACKNOWLEDGE message and the cell accessed by the UE is a hybrid cell with a different CSG from the source cell or the source cell does not have a CSG ID, the eNB shall consider the procedure as unsuccessfully terminated and initiate local error handling.
Regarding Reason 1, it was agreed in [8] to indicate a path switch failure if all of the bearers could not be switched. The reason could be that the TEIDs cannot be understood by the target side. With similar reason, it is also possible for Dual Connectivity case that the MME fails to switch the downlink GTP tunnel endpoint towards a new GTP tunnel endpoint for all E-RABs included in the E-RAB to be Modified List IE during the execution of the E-RAB Modification Indication procedure. 
Observation 1) Dual Connectivity also has the case that the MME fails to switch the downlink GTP tunnel endpoint towards a new GTP tunnel endpoint for all E-RABs. 
For solving this issue, one potential solution mentioned in last meeting is to use the E-RAB Modification Confirm message, in which the  E-RAB Failed to modify IE contains all the E-RAB IDs. However, in this way the same cause needs to be included for every E-RAB ID separately and repeatedly even though they are due to the same reason as referred to the following table from TS 36.413. 

9.2.1.36
E-RAB List
This IE contains a list of E-RAB IDs with a cause value. It is used for example to indicate failed bearers or bearers to be released.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	E-RAB List Item
	
	1 .. <maxnoofE-RABs>
	
	
	EACH
	ignore

	>E-RAB ID
	M
	
	9.2.1.2
	
	-
	-

	>Cause
	M
	
	9.2.1.3 
	
	-
	-


Observation 2) If E-RAB Failed to modify IE included in E-RAB Modification Confirm message is used to notify the failure, the same cause needs to be included for every E-RAB ID separately and repeatedly even though they are due to the same reason. 
On the other hand, if a failure message is newly defined, the following table can be referred to: 
Direction: MME ( eNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	ignore

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	ignore

	Cause
	M
	
	9.2.1.3
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.1.21
	
	YES
	ignore


Thus a single cause is fine for all of the failed E-RABs. 
Observation 3) If E-RAB Modification Failure message is defined, a single cause value is fine when failure happens to all of E-RABs due to the same reason.
Regarding Reason #2 of Path Switch Failure in X2 handover case, it is descripted that if the MME receives a PATH SWITCH REQUEST message containing several E-RAB ID IEs (in the E-RAB To Be Switched in Downlink List IE) set to the same value, the MME shall send the PATH SWITCH REQUEST FAILURE message to the eNB. It is obvious that for dual connectivity case MME may also receive of E-RAB Modification Indication message containing several E-RAB ID IEs set to the same value. 

Observation 4) For dual connectivity case, MME may also receive of E-RAB Modification Indication message containing several E-RAB ID IEs set to the same value.
In addition, X2 baseline CR [9] for SeNB Addition Request Message has agreed very similar case as follows: 
If the SeNB receives a SENB ADDITION REQUEST message containing multiple E-RAB ID IEs (in the E-RABs To Be Added List IE) set to the same value, the SeNB shall consider the establishment of the corresponding E-RAB as failed. 
Observation 5) X2 baseline CR [9] for SeNB Addition Request Message has agreed very similar case that multiple E-RAB ID IEs are set to the same value. 
Regarding Reason #3 and Reason #4 of Path Switch Failure in X2 handover case, the HeNB case is mentioned. Although this case is not supported in Rel-12, it is a hot issue based on the new Rel-13 WIDs [10][11] proposed in the past several RAN Plenary meetings. At least, the hybrid mode HeNB as a SeNB for DC is a meaningful use case. 
Observation 6) For future proof, the failure message is helpful for Rel-13 HeNB supporting Dual Connectivity.
Based on the observations above, the following proposal is suggested to RAN3:
Proposal 1): E-RAB Modification Failure message should be defined for the path switch of SCG bearer option.  
2.2 Issue 2: How to handle the problem of E-RAB ID missing in E-RAB Modification Indication message sent to MME
According to the current CT4 requirement, it is necessary for MeNB to include both the E-RAB to be modified list and the E-RAB not to be modified list, which is also agreed in RAN3 baseline CR [7]. However, it is possible that MeNB does not contain all the E-RAB IDs previously included in the UE Context in a certain situation, which can be treated as an abnormal case. Some concern was raised that it was not treated as abnormal case in Path Switch Request Message for X2 Handover. 
This case basically is different from that of the Path Switch Request Message for X2 Handover, in which the Path Switch Request Message may contain only partial of the original E-RABs since the target eNB may reject some of E-RABs for its resource limitation. The current S1 specification does not request the Path Switch Request Message to include all the E-RAB IDs previously included in the UE Context when it is sent to MME. Thus MME just treats the missed E-RAB IDs as they are rejected by target eNB. So there is no issue for the Path Switch Request Message. 
Observation 7) The current S1 specification does not request the Path Switch Request Message to contain all the E-RAB IDs previously included in the UE Context, different from the case of E-RAB Modification Indication message for DC requested by CT4. 
Based on the observation above, the E-RAB ID missing scenario in E-RAB Modification Indication message sent to MME should be treated as an abnormal behavior of MeNB. So, the following proposal is suggested to RAN3:
Proposal 2): The case, i.e., E-RAB ID missing scenario in E-RAB Modification Indication message sent to MME, should be treated as an abnormal behaviour of MeNB.

About how to deal with this abnormal behavior of MeNB, the following two sub-issues should be discussed. 
· Sub-issue 1: UE goes to idle or detaches following the principle of Path Switch Failure message of X2 HO

· Sub-issue 2: how to trigger the UE context release or detach
Sub-issue 1: Whether UE goes to idle or detaches following the principle of Path Switch Failure message of X2 HO
According to the legacy principle of X2 handover procedure, MME triggers UE detach procedure with re-attach required cause value after it gives a negative response to target eNB with Path Switch Request Failure message. For example, it applies to the Reason #1, 2, 3 (EPC fails to switch the downlink GTP tunnel endpoint towards a new GTP tunnel endpoint for all E-RABs, MME receives a PATH SWITCH REQUEST message containing several E-RAB ID IEs set to the same value, MME receives a PATH SWITCH REQUEST message without the CSG Membership Status IE) given above in the first section of this paper. Especially, the current DC case is very similar to the Reason #2 (MME receives a PATH SWITCH REQUEST message containing several E-RAB ID IEs set to the same value). They are both due to the abnormal behaviour of reporting eNB. So it would be possible to follow the same principle for DC scenario. However, in this situation UE has to be detached and re-attaches again, which is the drawback. 
The other solution would be make UE go to idle mode by triggering the UE context release procedure. According to TS 23.401, the S‑GW releases all eNodeB related information (address and TEIDs) for the UE and other elements of the UE's S‑GW context are not affected. The S‑GW retains the S1-U configuration that the S‑GW allocated for the UE's bearers. The S‑GW starts buffering downlink packets received for the UE.  It is possible to initiate the "Network Triggered Service Request" procedure if downlink packets arrive for the UE. Some advantage can be seen for this solution. 
Therefore, the following proposal is suggested to RAN3:
Proposal 3): UE going to idle mode should be considered other than being detached. 
Sub-issue 2: About how to trigger the UE Context Release Procedure 
Now, it is targeted to investigate about how to trigger the UE Context Release Procedure. The key point would be whether the E-RAB Modification Failure is necessary or not before triggering UE Context Release Procedure, which are shown in Fig. 2 and 3, respectively. 
In Fig. 2, the UE Context Release Procedure is triggered directly. However, in this way there will be no response for the original step 9 E-RAB Modification Indication Message, which is defined as a class 1 message agreed in [7]. The principle is not kept. On the other hand, if UE Context Release Command message is directly sent to MeNB, it does not know the reason and may have some misunderstanding. At the same time, MME also needs to trigger Release Access Bearers Request message to S-GW for the corresponding actions in S-GW. 
Fig. 3 shows another solution, which follows the principle of X2 handover procedure. That is, the negative response, E-RAB Modification Failure Message, is sent to MeNB firstly. And then MME triggers the UE Context Release Procedure as described in section 5.3.5 of TS 36.401. In this way, the problems mentioned in solution 1 would not exist. 

Based on the analysis above, the following proposal is suggested to RAN3: 
Proposal 4): UE Context Release Procedure should be triggered after giving a negative response to MeNB by the E-RAB Modification Failure message.
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Fig.2. Solution 1: UE Context Release Procedure is directly triggered. 
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Fig.3. Solution 2: UE Context Release Procedure is triggered after giving negative response to MeNB. 
3. Conclusions
This paper investigated the path switch issue for Architecture 1A. The following proposals are suggested to RAN3: 
Proposal 1): E-RAB Modification Failure message should be defined for the path switch of SCG bearer option.

Proposal 2): The case, i.e., E-RAB ID missing scenario in E-RAB Modification Indication message sent to MME, should be treated as an abnormal behaviour of MeNB.

Proposal 3): UE going to idle mode should be considered other than being detached.

Proposal 4): UE Context Release Procedure should be triggered after giving a negative response to MeNB by the E-RAB Modification Failure message.
Proposal 5): It is proposed to adopt the stage 2 and 3 TPs in [12] and [13] for the baseline CRs. 
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