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Abstract of the contribution: This contribution addresses comments raised on the Optimized Service Request, proposes updates to the solution and proposes a conclusion for the Optimized Service Request solution described in clause 5.1.1.3.8.
Discussion
The Optimized Service Request in clause 5.1.1.3.8 has no UE impact, no issues identified by the R2 LS response received at SA2 #97, no security impact, and can be used for all data transmissions that meet the criteria specified in clause 5.1.1.3.8.1.2. It is an independent improvement which can co-exist with other solutions in Rel-12.
Questions/ comments that have been raised in SA2 are addressed as follows:

1.
Control signaling (i.e., eNB FEID) is sent on the user plane between the eNB and SGW. The issue is that the control handling doesn’t disappear, but adds to processing at another place. There is a mix of control plane and user plane may break the logic of the protocol layers and result in the complexity for control/user plane congestion control somehow. However we do not have explicit analysis for this issue. Overall gain may not be there at all if not actually cause more signaling (i.e. it’s basically removing signaling from one interface but creating at least the same amount if not more in other interfaces).

Answer: This is control signaling for the GTP-U tunnel. As specified in TS 29.281, GTP-U carries both encapsulated T-PDUs and signalling messages already. Therefore S1-U already supports limited control signalling related to GTP-U tunnels. Here the control information sent by the eNB is the tunnel endpoint  identifier that the SGW needs to send DL data to the eNB. It is less processing for the SGW because the SGW does not need to process an entire MBR message and for all UE initiated Service Requests, there is no additional signalling to the SGW because the eNB S1-U F-TEID is included with the first UL user plane packet. It is less processing and signalling for the MME because it eliminates the Modify Bearer Request and Response. Like many other error cases where a response is not received as expected, additional signalling may occur. For the normal, error free case there is reduced signalling and reduced processing.
3.
It works only one PDN connection and 1 bearer. This is too restrictive for changing architecture. if single bearer and single PDN connection to be enforced on general UE, It is not clear to us how the network could handle the case that the UE starts with single bearer and single PDN connection but then requests for new PDN connectivity or requests for more bearer resources which would need to activate dedicate bearers.
Answer: No optimization covers all use cases.  Many M2M devices will have a single PDN connection with a single bearer. The T5/SDS solution promotes no PDN connection or IP bearer. Since EPS requires the UE to be “always on”, a PDN connection with default bearer is a minimum requirement that is a common usage for many M2M devices. 

If during a connection a UE requests additional bearers or PDN connections, that will be handled per existing session management procedures.  There is no enforcement needed to restrict a UE to only a single bearer. If the UE retains multiple bearers or PDN connections then the optimization will not be used in the future Service Requests. 

4.
Too much changing EPC connection/bearer control mechanism with little gain and very limited use case. The solutions is introducing quite a few changes to reduce signaling on S11 interface that in our view is not a problem today. The changes are well stated in the TR e.g. each bearer would need to have TEID from eNB, dummy packet from eNB, etc.
Answer: Regarding improvements on S11, Ericsson and other companies had reported congestion on S11 as an issue. The TR also points out that this optimization would resolve the race problem with the Service Request in current standard were UL or DL data reaches the SGW before the S11 modify bearer request message reaches the SGW, which may also reduce the response time for DL data in some situations e.g. when MME has high load. The solution is reduced to only apply for the Service Request procedure. 
The option to use this solution for handovers is being removed since SA2 believes the transmission time for small data is short so handovers do not have to be optimized. 
The SGW timing option is also being removed. The current release procedures will be maintained, including the MME sending the MBR on release. Therefore the changes are minimal. 
5. 
The timers at the eNB and SGW are not in sync and if one node drops the connection then other actions are needed to recover from this and that defeats the purpose as this would definitely require more signaling to recover from the situation.
Answer: Other companies also expressed concern with the timer option for release. This option will not be considered for this release.  The conclusion will be updated to exclude the SGW timed release option from the solution.

6. 
How this would work with deployments that use LIPA, SIPTO@LN as the interaction for data would be between eNB and LGW – so are we saying that these timers and SGW actions also need to be done at the LGW?
Answer: It is proposed that this solution is not applicable in the LIPA and SIPTO@LN cases where the LGW is collocated with (H)eNB and bypasses the SGW. The solution is updated to include this exception.
7.
No gains whatsoever on air interface.
Answer: Agree. However, the Rel. 12 SDDTE capability to provide RAN with CN assistance information will alleviate the high runner cases with frequent idle/active transitions.  Per the RAN LSout in R2-133033, the air interface is not resource constrained: “As evaluation has shown, existing solutions can handle several hundred thousands of UEs per cell generating these traffic patterns (if there is no other traffic in the cell).”

It is proposed to update the solution in TR 23.887 with these options removed and specify normative text for the updated solution for rel-12:

-
support for multiple PDN/bearers.  The solution will only apply if there is a single PDN connection with a single bearer.

-
handover. Since small data transmissions are a short duration handovers do not need to be optimized.

-
release optimization. No change to current release procedures (SGW release via timing will not be specified, the MME will continue to send the MBR when the connection is released).

It is proposed that this solution is specified in release 12 with the updates as described above.

Proposal

It is proposed to update the solution in 5.1.1.3.8 as described above and include the following release 12 conclusion in TR 23.887.
Start of Change 1
5.1.1.3.8
Solution: Optimized Service Request procedure

5.1.1.3.8.1
General

5.1.1.3.8.1.1
Introduction

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.

The solution is mainly useful for UEs that have a single bearer (and single PDN connection) as otherwise piggybacked signalling multiplies. This is for example M2M devices using infrequent transmission of small data. The solution would also be useful for other types of UEs not using any dedicated bearers i.e. having a single bearer/single PDN connection.


5.1.1.3.8.1.2
Pre-conditions

This solution applies to the Service Request procedures. 
It is these procedures that stand for the majority of signalling at infrequent small data and frequent small data when the UE is in idle mode.

Alternatively the optimization may also apply to handover procedures, but this is not considered essential as handovers should be quite rare during SDTs that should be short in time. 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,




if there is no need for the SGW to send MBR signalling to the PDN GW as specified in TS 29.274 clause 7.2.24.

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

-
Optimized signalling supported by eNB, SGW and MME,

-
Optimized Service Request does not apply for a LIPA or SIPTO@LN connection.

NOTE:
This optimization could be extended to support multiple bearers, but is not proposed at this time.  It would require the eNB to send one GTP-U UL packet per bearer (with its eNB F-TEID) which may be less efficient.

5.1.1.3.8.1.3
Procedures

5.1.1.3.8.1.3.1
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 3GPP 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).


5.1.1.3.8.1.3.2
eNB indication of support

When the eNB forwards NAS messages to the MME in an Initial UE message, the eNB indicates its support for the MBR optimization.

5.1.1.3.8.1.3.3
Use of optimized signalling

Below is an example of the optimized signalling during a UE triggered Service Request with subsequent data.. 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 5.1.1.3.8.1.2.

The small data UP optimization is triggered within the network. The MME decides to use the small data UP optimization based on parameters such as APN, subscription parameters, traffic statistics, number of bearers/PDN connections (e.g. single bearer or not) etc.

5.1.1.3.8.1.3.4
MO data

UE Triggered Service Request (TS 23.401 [6] clause 5.3.4.1)
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Figure 5.1.1.3.8.1.3-1: UE Service Request procedure for small data

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 the eNB and the SGW indicated support and for example subscription parameters e.g. indicates 'messaging only', and/or a specific APN is used, and/or specific traffic statistic indicates that the optimized bearer would be beneficial, and there is a single PDN connection with a single bearer, then the MME will indicate to the eNB in the Initial Context Setup Request 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 the RAB setup 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.


The SGW stores the eNB F-TEID if a new F-TEID was received. SGW forwards the received GTP-U PDU to PGW (except for dummy packets which are discarded).
NOTE:
The details to ensure S1-U connection setup and packet delivery (e.g. to send the eNB S1-U F-TEID in one or multiple UL packets or to depend on some feedback) and the format of dummy packets are for stage 3 considerations.

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. The MME suppresses the modify bearer signalling on S11 (step 8 to 12) if a small data indication was given to eNB in step 4.

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 tunnelled 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).




5.1.1.3.8.1.3.5
MT data

The above procedure for MO data applies for MT data as well. The difference is that a paging procedure proceeds for MO data, followed by a Service Request that uses the same changes as described for MO data above. When the eNB establishes the RB/RABs as part of the Service Request, it also sends dummy packets UL to establish the S1-U connection.

MT data when the DL S1-U connection is active in the SGW, is handled as today.

5.1.1.3.8.2
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) to include eNB F-TEID when indicated by MME;

-
when sending Service Request messages to MME indicate support of optimized signalling (S1-MME). Optionally also when sending other NAS or HO related messages to MME;


-
Dummy packets are sent in error cases when a response is not received and in DL case when eNB needs to send GTP-U header information to SGW before the UE sends UL data.

-
SGW:

-
Attach/PDN connection: 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, store the eNB F-TEID if it has changed and acknowledge receipt with a DL GTP-U header that may require sending a dummy packet if there is no DL data to send.


-
MME:

-
store whether SGW supports optimized signalling and receive support indication from eNB.

-
Apply optimized signalling when the criteria described in 5.1.1.3.8.1.2 and 5.1.1.3.8.1.3.4 step 4 are met.

5.1.1.3.8.3
Solution evaluation

5.1.1.3.8.3.1
Benefits

-
An incremental optimization that can be used for all data transmissions that the MME determines meet the criteria described in 5.1.1.3.8.1.2.

-
No UE impact.

-
Reduces MME/SGW signalling on Service Request.

-
The race problem with the Service Request in current standard were UL or DL data reaches the SGW before the S11 modify bearer request message reaches the SGW would be solved, which may also reduce the response time for DL data in some situations e.g. when MME has high load.

5.1.1.3.8.3.2
Drawbacks

-
Benefits primarily apply for UEs that have single bearer (and single PDN connection).

-
The GTP-U provides information for SGW and eNB to do control events. Dummy packets are sent in error cases when a response is not received and in DL case when eNB needs to send GTP-U header information to SGW before the UE sends UL data.

Start of Change 2
9
Conclusions
Editor's Note:
This clause is intended to list conclusions that have been agreed during the course of the work item activities.

9.x
Key issue 5.1.1
Normative work needs to proceed as follows: 

-
Optimized Service Request in clause 5.1.1.3.8 should be should be specified for a single PDN connection with a single bearer. 

This solution has no UE impact, no issues identified in the R2 LS response received at SA2 #97, no security impact and can be used for all data transmissions that meet the criteria specified in clause 5.1.1.3.8.1.2. It is an independent improvement which can co-exist with other solutions such as the CN assistance solution in clause 9.1.
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MME and SGW handshakes their support for the small data fast path during the establishment of a session e.g. the default bearer
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2. NAS: Service Request,  eNB-FP/CL-Support indication































6b. Subsequent DL and UL data















MME and SGW handshakes their support for the small data fast path during the establishment of a session e.g. the default bearer
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