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1. Introduction 
This contribution discusses the possible scenarios related with the S1 for dual connectivity, and their functions, needed procedures in S1 interface.
1) Adding IP connectivity with SeNB in the initial context setup

2) Adding IP connectivity with SeNB in the E-RAB establishment

3) Adding IP connectivity with SeNB in S1 handover-in

4) Adding IP connectivity with SeNB during communication

5) Releasing IP connectivity with SeNB during communication

6) Releasing IP connectivity with SeNB in E-RAB releasing (MME Initiated)

7) Releasing IP connectivity with SeNB during communication (MeNB Initiated)

8) Releasing IP connectivity with SeNB in S1 handover out

2. Discussion
2.1 Possible scenarios related in S1 for dual connectivity

1) Adding IP connectivity with SeNB in the initial context setup
This can be realized by Initial Context Setup procedure, by indicating the Transport Layer information of both MeNB and SeNB or only a single Transport Layer Information (in this case it can be either MeNB or SeNB).
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2) Adding IP connectivity with SeNB in the E-RAB establishment

This can be realized by E-RAB Setup procedure, by indicating the Transport Layer information of both MeNB and SeNB or only a single Transport Layer Information (in this case it can be either MeNB or SeNB).
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3) Adding IP connectivity with SeNB in S1 handover-in

This can be realized by Handover Resource Allocation procedure, by indicating the Transport Layer information of both MeNB and SeNB or only a single Transport Layer Information (in this case it can be either MeNB or SeNB).
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4) Switching IP connectivity between MeNB and  eNB during communication

This can be realized by new S1AP procedure or Path Switch Request procedure to indicate the eNB Transport Layer Information. 
If to use Path Switch Request message then need to add MME UE S1AP ID IE. This may give further impact because the Path Switch Request message has been more or less implemented in the MME as the “first message” from eNB therefore creates the UE Context by receiving the Path Switch Request message. Further, the current Path Switch Request procedure has a behavior that implicitly E-RAB releasing if the ‎E-RAB To Be Switched in Downlink List IE in the PATH SWITCH REQUEST message does not include all E-RABs previously included in the UE Context, there will be some restriction or special handling considering that MeNB may want to switch only some E-RAB but not all. Therefore change of the basic is rather high risk. It is then thought that introducing of new S1AP procedure will be more appropriate.

Here the new procedure is suggested to be “E-RAB Modification Indication” procedure.

Further, the MME may fail to switch those E-RABs to SeNB then need to send failure to the MeNB.
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5) Releasing IP connectivity with SeNB in E-RAB releasing (MME Initiated)

The existing E-RAB Release procedure can be reused as it is i.e. no change to the existing procedure.
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6) Releasing IP connectivity with SeNB during communication (MeNB Initiated)
The existing E-RAB Release Indication procedure can be reused as it is i.e. no change to the existing procedure.
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7) Releasing IP connectivity with SeNB in S1 handover out
The existing Handover Preparation procedure and UE Context Release (MME initiated) can be reused as it is i.e. no change to the existing procedure.
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Proposal 1: It is proposed to confirm that all listed scenarios are valid for dual connectivity

2.2 Needed functions in S1 for dual connectivity
So far during the study phase it has been assumed only the 4) as depicted in Annex G.1 and G.2 in 36.842. Therefore it is needed to discuss whether other scenarios (1, 2, 3, 5, 6, 7) will be considered as well.

For u-plane option 3C, since the SeNB is not visible to the CN, there is no any impact on the S1. 

For u-plane option 1A, the IP connectivity is present between S-GW and the SeNB, the following functions will be needed in S1 in all possible scenarios.

· Establishment of IP connectivity in SeNB towards S-GW, 

· Releasing of IP connectivity in SeNB towards S-GW
· Switching of IP connectivity between MeNB and SeNB towards S-GW
2.3 Impact on S1 procedures

Establishment of IP connectivity in SeNB towards S-GW
As discussed in 2.1 above, the establishment of IP connectivity in SeNB can be realized by indicating the transport layer information of SeNB in the E-RAB establishment response messages from the MeNB to MME. These messages can be in the following procedures:

· Initial Context Setup procedure (INITIAL CONTEXT SETUP RESPONSE message)
· E-RAB Setup procedure (E-RAB SETUP RESPONSE message)
· Handover Resource Allocation procedure (HANDOVER REQUEST ACKNOWLEDGE message)
Observation 1: Since the existing messages have already such a capability to indicate the transport layer information of an eNB to the MME, there is no additional change need to be captured in the S1 spec.

Releasing of IP connectivity SeNB towards S-GW
As discussed in 2.1 above, the releasing of the IP Connectivity in SeNB can be realized by the following procedures:

· E-RAB Release procedure

· E-RAB Release Indication procedure

· UE Context Release procedure

Since the existing messages have already such a capability to release the IP connectivity towards SGW, there is no additional change need to be captured in the S1 spec.

Switching of IP connectivity between MeNB and SeNB towards S-GW
As discussed in 2.1 above, the switching of IP connectivity between MeNB and SeNB towards S-GW can be realized by a new procedure.

· E-RAB Modification Indication procedure  (New messages will need to be defined)

Proposal 2: it is proposed to confirm that there is no additional change need to capture in S1 spec to realize the Establishment of IP connectivity in SeNB and Releasing of IP connectivity in SeNB in S1 interface.
Proposal 3: it is proposed to introduce a new procedure (i.e. E-RAB Modification Indication) in S1 interface for switching of the IP connectivity between MeNB and SeNB.

.
3. Summary and proposal.
Proposal 1: It is proposed to confirm that all listed scenarios are valid for dual connectivity

Observation 1: Since the existing messages have already such a capability to indicate the transport layer information of an eNB to the MME, there is no additional change need to be captured in the S1 spec.

Proposal 2: it is proposed to confirm that there is no additional change need to capture in S1 spec to realize the Establishment of IP connectivity in SeNB and Releasing of IP connectivity in SeNB in S1 interface.

Proposal 3: it is proposed to introduce a new procedure (i.e. E-RAB Modification Indication) in S1 interface for switching of the IP connectivity between MeNB and SeNB.

Proposed Text


19.2.2.xx
E-RAB Modification Indication procedure
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Figure 19.2.2.xx-1: E-RAB Modification Indication procedure

The E-RAB Modification Indication procedure is sent by the eNB to the MME to switch the downlink path of S1 U-plane tunnels for a list of E-RABs from an eNB to another eNB.
The MME responds with the E-RAB MODICATION CONFIRM which is sent to the eNB.

The MME responds with the E-RAB MODICATION FAILURE in case a failure occurs in the EPC.
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