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Note: This solution is a subset of that described in S2-124225.  This optimization can be provided independently.

1. Description
MTC devices often involve infrequent transactions with short packet lengths (e.g. gas metering reporting once every month). Smartphones also generate frequent small data – such as keep alives and presence for smartphone apps. With the proliferation of MTC devices and smartphones, there is a need to improve the efficiency of device re-activation, i.e., to reduce the network resources needed to support device re-initiation of data transmission after a quiescent period;
Each time an idle UE (e.g. MTC device or Smartphone) needs to initiate a transaction for small data it must first launch a series of control plane transactions to re-establish the user plane connection through to the SGW.  In many cases more radio interface and networking traffic is wasted in these control plane messages than the actual user plane message

From TR 23.887 clause 5.1.1.2, there is a need to transmit and receive small amount of data efficiently through 3GPP systems.   
The solution below improves efficiency of UE re-activation, i.e., reduces the network resources needed to support device re-initiation of data transmission after an idle period.  This solution reduces signaling for UE triggered Services Requests and reduces the interval for the SGW to send DL data to the eNB.  In addition, the solution can be used during handover under conditions specified below.  This solution is transparent for UEs and can be applied for all UEs that have a single PDN connection and single bearer.
2. Proposal

It is proposed to agree the following addition to 3GPP TR 23.887.
5.1.1.3.x Solution: Optimized Service Request procedure for UEs with a single bearer
5.1.1.3.x.1 General

5.1.1.3.x.1.1 Introduction

Many devices that send data only have a single PDN connection (e.g., to internet) and a single bearer.  For these UEs, this solution reduces network signalling under certain conditions by not invoking the “Modify Bearer Request” (MBR) or “Modify Access Bearers Request” (MABR) over the S11 interface. Instead. The network forwards the necessary control signalling information from the MME to the SGW via S1-MME to the eNB and GTP-U header information from the eNB to SGW (S1-U).  This optimization reduces MME-SGW signalling and shortens the interval for the SGW to send DL data. 

This optimization can also apply to a service request procedure in Iu mode to save S4 signalling between an S4-SGSN and the SGW by forwarding the necessary control signalling information from the S4-SGSN to the SGW via Iu to the RNC and GTP-U header information from the RNC to SGW (S12). This is not further described in the rest of the clause.  

5.1.1.3.x.1.2 Pre-Conditions

The following conditions are similar to those that apply to use of MABR.  The optimization applies to the following procedures:

-
UE triggered Service Request if there is no suspended bearer for that UE,

-
S1-based Handover without SGW relocation,

-
X2-based handover without SGW relocation,  

if there is no need for the SGW to send MBR signalling to the PDN GW i.e. if all the following conditions are fulfilled:

-
the RAT type has not changed; 

-
the Serving Network has not changed;

- 
the MME does not need to report a H(e)NB local IP address and UDP port number information change (if the PGW has requested H(e)NB information reporting);
-
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 [17];

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

-
ISR was not activated in the old MME which is indicated by the ISRAU flag in the Context Response, if sent as part of an Inter-MME E-UTRAN Tracking Area Update without SGW change.

In addition to the conditions for MABR, the following conditions apply:

-
the UE has only 1 PDN Connection and 1 bearer (at the time of the Service Request procedure). 

-
 Optimized signalling supported by eNB, SGW and MME.

5.1.1.3.x.1.3 Procedures

5.1.1.3.x.1.3.1 SGW indication of support

The MME knows whether an SGW supports this optimized service request procedure by local configuration, or via the feature notification procedure (see TS 29.274 clause 11) or by requiring the SGW to indicate in the Create Session Response its support of the MBR optimization during procedures that create a session in a SGW, (e.g., Attach, Creating a new PDN connection, SGW change).  

For X2 HO, the target eNB starts sending UL data to the SGW prior to sending a Path Switch Request to the MME.  Therefore the source eNB needs to include the SGW support indication that it received from the MME in the Initial Context Setup Request, in the X2 HO information to the target eNB.

5.1.1.3.x.1.3.2 eNB indication of support

When the eNB forwards NAS messages to the MME or a target eNB sends a HO related message to the MME, the eNB indicates its support for the MBR optimization.
5.1.1.3.x.1.3.2 Use of optimized signalling

Below is an example of the optimized signalling during a UE triggered Service Request.  In general, if the eNB received an indication that the SGW supports the MBR signalling optimization then the eNB includes the necessary control signalling information (e.g., eNB F-TEID) in the GTP-U header information for the procedures listed in 5.1.1.3.x.1.2. 
UE Triggered Service Request (TS 23.401 clause 5.3.4.1)
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When the UE initiates a Service Request to send data, the following changes are needed:

Step 2:
The eNB indicates if it supports optimized bearer re-establishment.

Step 4:
The MME determines if optimized bearer re-establishment can be used.  If there is a single PDN connection and single bearer for this UE, the eNB and the SGW indicated support, then the MME will indicate to the eNB to use optimized GW bearer re-establishment. 

Step 6:
The eNB includes the eNB F-TEID (i.e. IP address and TEID) in first UL GTP-U packets to SGW (until eNB receives a DL GTP-U packet).  The eNB sends dummy UL GTP-U packets (i.e. GTP-U packets without user payload) if no UL traffic is received from the UE. The bearer is identified in the SGW by the tunnel endpoint identifier (received in step 4) to which the packet is sent from the eNB to the gateway as per existing procedures. The receipt of the message at the SGW is acknowledged with the receipt of the first downlink packet at the eNB (which may be a dummy downlink data packet with zero content used just for the purpose of acknowledgment), thus serving the purpose of the modify bearer response message.  The extra information is no longer included in the headers of subsequent uplink packets.

The eNB re-sends dummy UL GTP-U packets to the SGW a few times if it does not receive downlink packet from the SGW acknowledging the receipt of the UL GTP-U packet at the SGW.

Step 7: The eNB sends the S1-AP Initial Context Setup Complete procedure after receipt of downlink packet from the SGW acknowledging the receipt of the UL GTP-U packet at the SGW (like the RNC returns the RAB Assignment Complete message to an MSC after successful Iu Framing Protocol initialisation with the MGW). This implicitly informs the MME that the bearer was successfully re-activated in the SGW.
Step 8 – 12: removed
The modify bearer request message normally includes information about each bearer to be reactivated for the UE and the eNB tunnel endpoint identifier for each bearer.  Since there is only one bearer to be reactivated, and message 6 is tunneled data associated with the bearer to be re-activated, the bearer identity and tunnel endpoint information for the one bearer is simply included in extension headers in the first uplink packets (6). 
5.1.1.3.x.2
Impacts on existing nodes and functionality

This is an optimization that is optional for the eNB, MME and SGW to support.

-
eNB: 

-
support GTP-U header extensions (S1-U);

-
when sending NAS or HO related messages to MME indicate support of optimized signalling (S1-MME);

-
on X2 HO, include the SGW support indication to the target eNB (X2).

-
SGW: 

-
Attach/PDN connection/MM-SGW change: indicate to MME in the Create Session Response, if optimized signalling is supported, or signal the same via the feature notification procedure.

-
obtain control signalling information (i.e., eNB TEID) from GTP-U header received from S1-U.
-
MME: 

-
store whether SGW supports optimized signalling.
-
Apply optimized signalling when the criteria described in 5.1.1.3.x.1.2 are met.
5.1.1.3.x.3
Solution evaluation

5.1.1.3.x.3.1 Benefits 

-
An incremental optimization that can be used for all data transmissions that the MME determines meet the criteria described in 5.1.1.3.x.1.2.

-
No UE impact.
-
Reduces MME/SGW signaling on Service Request, S1 HO w/o SGW change and X2 HO w/o SGW change.
-
Reduces interval that SGW can send DL data to the eNB.
5.1.1.3.x.3.2 Drawbacks

-
Limited to UEs with a single PDN connection and single bearer and conditions described in 5.1.1.3.x.1.2 are met. 
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