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1
Introduction

EPS allows UEs to establish multiple PDN connections to one or more PDNs, via one or separate PDN-GWs. UEs may typically have two PDN connections active on average e.g. when connecting to IMS and Internet at the same time. UEs may further activate other PDNs on demand. 

In some scenarios (e.g. Service Request, X2 handover w/o SGW change, S1 Handover w/o SGW change), the MME needs to activate S1 bearers for all the PDN connections, while not changing the S5/S8 bearer context or connectivity. As per existing specifications, the MME shall send a Modify Bearer Request message to the SGW on the S11 interface per PDN connection. 

Sending multiple individual Modify Bearer Request / Response messages on the S11 interface increases the signaling traffic on the S11 interface, the load in the MME and SGW and thus reduces the MME and SGW capacity. This also increases latency for Service Requests and Handovers.
This discussion paper investigates the possibility of having one message for all PDN connections to reduce the signaling traffic and latency.

2
Discussion
2.1
Candidate scenarios for optimization

Figure 1 illustrates the scenario where the UE sends a Service Request to the network to request the establishment of a NAS signalling connection and of the radio and S1 bearers for all established PDN connections. As per existing specifications, the MME shall send a Modify Bearer Request message to the SGW for each PDN connection, e.g. 2 or 3 Modify Bearer Request messages if the UE has respectively 2 or 3 PDN connections established.
The SGW shall send a Modify Bearer Request to the PGW only upon a change of RAT or if the PGW requested to receive location change notifications. The SGW will in many occasions not need to send any Modify Bearer Request to the PGW.
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Figure 1 – Service Request procedure
8.
The MME sends a Modify Bearer Request message (eNodeB address, S1 TEID(s) (DL) for the accepted EPS bearers, Delay Downlink Packet Notification Request, RAT Type) per PDN connection to the Serving GW. The Serving GW is now able to transmit downlink data towards the UE. The usage of the Delay Downlink Packet Notification Request Information Element is specified in clause 5.3.4.2 below. If the PDN GW requested UE's location and/or User CSG information and the UE's location and/or User CSG information has changed, the MME also includes the User Location Information IE and/or User CSG Information IE in this message.


If a default EPS bearer is not accepted by the eNodeB, all the EPS bearers associated to that default bearer shall be treated as non-accepted bearers. The MME releases the non-accepted bearers by triggering the bearer release procedure as specified in clause 5.4.4.2. If the Serving GW receives a DL packet for a non-accepted bearer, the Serving GW drops the DL packet and does not send a Downlink Data Notification to the MME.

9.
If the RAT Type has changed compared to the last reported RAT Type or if the UE's Location and/or Info IEs are present in step 8, the Serving GW shall send the Modify Bearer Request message (RAT Type) per PDN connection to the PDN GW. User Location Information IE and/or User CSG Information IE are also included if they are present in step 8.

Figure 2 illustrates a X2 handover scenario without SGW change, where the network needs to modify the S1 bearers contexts in the SGW with the new F-TEIDs of the target eNB for all established PDN connections (for EPS bearers accepted by the eNB). Once again, as per existing specifications, the MME shall send a Modify Bearer Request for each PDN connection, e.g. 2 or 3 Modify Bearer Request messages if the UE has respectively 2 or 3 PDN connections established.
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Figure 2 – X2 handover w/o SGW change procedure

2.
The MME sends a Modify Bearer Request (eNodeB address(es) and TEIDs for downlink user plane for the accepted EPS bearers) message per PDN connection to the Serving GW. If the PDN GW requested UE's location info, the MME also includes the User Location Information IE in this message.


The MME uses the list of EPS bearers to be switched, received in step 1, to determine whether any EPS bearers in the UE context have not been accepted by the target eNodeB. The MME releases the non-accepted bearers by triggering the bearer release procedure as specified in clause 5.4.4.2. If the Serving GW receives a DL packet for a non-accepted bearer, the Serving GW drops the DL packet and does not send a Downlink Data Notification to the MME.

3.
If the Serving GW has received the User Location Information IE from the MME in step 2 the Serving GW informs the PDN GW(s) about this information that e.g. can be used for charging, by sending the message Modify Bearer Request (Serving GW Address and TEID, User Location Information IE) per PDN connection to the PDN GW(s) concerned. A Modify Bearer Response message is sent back to the Serving GW.

Similar considerations also apply to a S1-based Handover without SGW relocation and to E-UTRAN Tracking Area Update without SGW Change.

In scenarios where the MME only needs to activate S1 bearers w/o changing the S5/S8 bearer context / connectivity or w/o needing to report a change of RAT or location to the PGW or the UE Time Zone, the existing specifications lead to exchange 2 additional messages (Modify Bearer Request / Modify Bearer Response) per PDN connection. 

The exact quantitative increase of the signaling traffic on the S11 interface and its impacts to the capacity of the MME and SGW depend on the traffic model, but are in any cases significant due to the frequency of occurrence of those scenarios. 
This also increases latency for Service Requests and Handovers, i.e. increase the idle-to-active transition time or increased interruption time during handover. 

2.2
New Modify Access Bearers Request procedure

To reduce the signaling traffic and latency, it is proposed to define in Rel-10 a new Modify Access Bearers Request / Response procedure allowing the MME to modify the S1 bearers of one or multiple PDN connections of the UE. 
This new procedure would be applicable to the scenarios where the MME only requests to activate the S1 bearers, i.e. in scenarios where the SGW does not need to send a Modify Bearer Request message to the PGW. 

The MME could initiate this procedure as part of the following procedures:

-
E-UTRAN Tracking Area Update without SGW Change,

-
UE triggered Service Request,

-
S1-based Handover without SGW relocation,

- 
X2-based handover without SGW relocation,

if all the following conditions are fulfilled:

- the SGW supports the Modify Access Bearers procedure;

-
the RAT type has not changed;

-
the MME does not need to send UE's location and/or User CSG information or/and UE Time Zone to the PDN GW;

-
the MME does not need to send an MME-FQ-CSID as per the requirements specified in 3GPP TS 23.007.

- ISR is not activated, if the Modify Access Bearers Request is sent as part of a UE triggered Service Request.

The procedure would be mandatory to support in SGW and optional in MME. The MME would not activate this procedure towards pre Rel-9 SGWs.
This new procedure would be similar in principles to the existing Release Access Bearer Request procedure which allows to deactivate all S1 bearers of the UE for all PDN connections in one shot. 

It is still to be decided how the MME would learn whether the SGW supports the new Modify Access Bearers Request procedure. A separate contribution is submitted proposing to enhance GTPv2 within Rel-10 with a new procedure allowing GTP-C entities to discover features supported by peer GTP-C entities, by signalling a new Supported-Features IE. Alternatively, if such proposal could not be agreed within Rel-10, it would be possible to add an Indication-Flag IE in the Create Session Response message allowing the SGW to notify support of this new Modify Access Bearers Request procedure. 

2.3
Alternative approach re-using the existing Modify Bearer Request procedure

It has been questioned during the CT4#48 discussions whether the existing Modify Bearer Request procedure could be used as an alternative to the proposed new Modify Access Bearers Request procedure. 

It could be envisaged to extend the existing Modify Bearer Request procedure by allowing the MME to include in the Modify Bearer Request message bearers contexts to be modified or to be removed pertaining to different PDN connections of the UE (together with their Linked EPS Bearer ID identifying the PDN connection). The SGW would need to return an indication back to the MME to indicate whether it supports and applied the requested bearer modifications for all PDN connections.  

This would however further complicate the already complex definition and processing of the Modify Bearer Request message. Considering that many IEs of the existing Modify Bearer Request messages are not needed when the MME only wishes to activate or modify the S1 bearers w/o modifying the S5/S8 context / connectivity, that those optimizations are only proposed for the S11 interface (not the S4 interface), it is felt preferable to define a brand new simple message.

Conclusion

It is proposed to standardize in Rel-9 a new Modify Access Bearers procedure on the S11 interface allowing the MME to modify all S1 bearers of multiple PDN connections in one single message exchange with the SGW. 
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