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Introduction

CT1 and CT4 have identified critical issues for delivering MT SMS to UEs in extended idle mode DRX, i.e. 

a. excessive signalling at the HSS 

b. the SM delivery may be further delayed or repeatedly fail if the SMS-SC cannot start the retransmission immediately after the MO activity is detected

And CT1 and CT4 have specified enhancements to solve these issues in the PS domain (see [2] to [8], approved at CT#70, and [11] to [13] agreed at CT1#95bis). 
SMS over SGs is widely used to support SMS for UEs in E-UTRAN and eDRX can be used in conjunction with SMS over SGs (e.g. by UEs with a PS and SMS subscription). The corresponding call flow was specified in subclause 8.2.4a of TS 23.272. 

A CT1 Exception on eDRX-CT was approved at CT#70 (see [9]) to assess the necessity to add new functionalities for efficient delivery of MT SMS over SGs to UEs in eDRX, including alignments with the enhancements specified for MT SMS delivery via the PS domain.
Further enhancements for MT SMS in the PS domain were approved in CT#71 (see [13] to [15]).
CT1 could not reach a full consensus at CT1#95bis on whether to extend the enhancements specified for MT SMS in the PS domain to MT SMS over SGs. CT1 has asked guidance from SA2 on these issues for MT SMS over SGs (see [10]). CT1 again could not reach a full consensus at CT1#96 (Contributions C1-161184, C1-161180, C1-161182, C1-161185, C1-161183, and C1-161181 are revisions of resubmissions of documents, and the work is again postponed.). CT#71 acknowledged that Cat B CRs would still be allowed by CT#72 for this topic. The CT Chair’s report to SA included (SP-160151 – slide 18):

· Release 13 completed, besides
· Ongoing studies
· ISAT – shifted to Rel-14, due to related IETF dependencies
· IoT related work
· Several Rel-13 features (e.g. ePDG selection, eDRX) still require some work and will be updated next plenary cycle, i.e. no strict FASMO rule will be applied
Therefore, an SA2 decision is required.
It must be noted that all of the solutions presented below are optional to support. Information elements can be encoded so that a partial support only in some affected system entities, e.g. due to roaming or partial deployment does not cause any problems to non-supporting (part of the) network. The existing MT SMS procedures are used if any entity involved in the procedure (e.g., SMS-GMSC, MSC, or MME) does not support it, and this requires no updates on non-supporting entities.

The organization of this discussion paper is as follows:
1. Issues for MT SMS to UEs in eDRX
2. Enhancements specified in CT1 and CT4 for MT SMS in the PS domain 

2A) MT SM transmission within the time window the SMS-GMSC expects to receive the TFA message

2B) SM retransmission by the SMS-GMSC at the time requested by the MME/SGSN in the TFA message
2C) Prioritized SM retransmission by the SMS SC when the UE becomes reachable

3. Proposed corresponding enhancements for MT SMS over SGs 

3A) MT SM transmission within the time window the SMS-GMSC expects to receive the Delivery Report
3B) SM retransmission by the SMS-GMSC at the time requested by the MSC in the Delivery Report

3C) Prioritized SM retransmission by the SMS SC when the UE becomes reachable

3D) SM retransmission by SMS-GMSC at MO signalling or mobility prior to the requested retransmission time

Conclusions

Discussion

1. Issues for MT SMS to UEs in eDRX

Figure 1 shows the current call flow to deliver a MT Short Message (SM) to a UE in eDRX via the SGs interface.
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Figure 1 – SM retransmission triggered by UE Activity Notification – current solution

3
The SMS-GMSC sends a MAP Send-Routing-Info-for-SM Request (SRR) command to the HSS to retrieve the address of the nodes serving the UE.

4-5
The SMS-GMSC sends an MT-Forward-Short-Message-Request (TFR) to the serving MSC. The MSC/VLR sends an SGs paging request.

6-7.
The MME rejects the paging request immediately if it knows that the UE is in extended idle mode DRX and not reachable shortly (e.g. within the next 10 seconds). The MSC returns a failure report and sets the MNRF flag. Per subclause 8.2.5c of TS 23.272, the MSC/VLR also sends an SGs interface Alert Request message to the MME. 
The MME pages the UE.

8.
After possibly attempting to deliver the MT SM to the UE via the serving SGSN, the SMS-GMSC sends a Report-SM-Delivery-Status Request (RDR) to the HSS with the indication that the SM delivery was unsuccessful. The HSS sets the MNRF (and possibly MNRG) flag, and the HSS stores the Service Center address in its Message Waiting Data (MWD) if a single-attempt-delivery was not requested.

11.
When the UE responds to the paging request, a signalling connection is established between the UE and the MME, and the network maintains this signalling connection for a duration it believes is sufficienty long to let time to the SMS-GMSC to retransmit the MT SM.
12
The MME sends a UE Activity Notification to the MSC/VLR which sends a Ready For SM to the HLR/HSS to signal that the UE has become reachable.

13
The HSS sends an Alert-Service-Center Request (ALR) to the Service Center to trigger the retransmission of the MT SM.

14
The SC and SMS-GMSC retransmits the MT SM, after an additional SRR query to the HSS. 

NOTE:
The call flow in subclause 8.2.4a of TS 23.272 does not depict the step 7b and shows for step 12 a UE-Activity-Notification from the MME to the HSS. Figure 1 above shows the actual call flow, also considering the requirements in subclause 8.2.5c of TS 23.272.
This solution causes the following issues: 

a. Every MT SM for UEs in eDRX (with an eDRX period > about 10s) will cause systematically 4 extra pair of messages at the HSS (RDR, NOR, ALR and SRR). Prior to the introduction of eDRX, these messages are triggered when the UE is not reachable, which should remain normally a rather rare case (for UEs with an always-on connectivity). With eDRX, MT SMs may cause substantial additional signalling to the HSS.

b. There is a potential risk of messages being received un-synchronized at the HSS, i.e. that with short time periods between the Failure Report (step 7a) and the Ready For SM messages (step 12'), the SMS-GMSC sends the SM-Delivery Report Status to the HSS after the HSS receives the Ready For SM from the MSC. E.g. if the SMS-GMSC gets both MSC and SGSN addresses in the SRA, the SMS-GMSC can send a Forward Short Message to the SGSN after getting the Failure Report from the MSC, before sending the SM-Delivery Report Status to the HSS. 

If the Ready For SM arrives at the HSS before the Delivery Report Status message, the HSS will not trigger the SC to retransmit the SM. Besides, the HSS would set its MNRF flag while the MNRF flag is no longer set at the MSC, resulting in all subsequent MT SMs not being sent to the MSC.
c. There is no synchronisation between the SC and the MME about the time period during which the MME maintains the signalling connection with the UE. So there is no guarantee that the SMS-GMSC retransmits the SM during the time window where the signalling connection is maintained (e.g. SMS-GMSC overload).
d. Single-attempt-delivery SM cannot be transmitted to the UE if this procedure is used and if MWD is not used for single-attempt-delivery SM (as currently specified).

2. Enhancements specified in CT1 and CT4 for MT SMS in the PS domain 

CT1 and CT4 have solved the same above issues for MT SMS in the PS domain (MME/SGSN) by specifying the following enhancements. All the following enhancements are optional to support and independent from each other. 

The fallback solution when they are not supported or not applicable is to set the MNRF/MNRG flag in the MME/SGSN and HSS and to trigger the SM retransmission by the SMS SC via the HSS (NOR/ALR messages) when the UE responds to the paging request or becomes available.

2A) MT SM transmission within the time window the SMS-GMSC expects to receive the TFA message
The SMS-GMSC includes the (existing MAP or Diameter) SM-Delivery-Timer and SM-Delivery-Start-Time IEs in the TFR to let the MME/SGSN know until when it can send the TFA, regardless of whether the MT SM transmission involves an IP-SM-GW or not. This allows the MME/SGSN to buffer and send the SM to the UE without any SM retransmission, if the UE is waking up within the time frame indicated by the SM-Delivery-Timer/SM-Delivery-Start-Time (e.g. within the next 30s to 10 minutes), and thus also solves the messages synchronization issue at the HSS. 
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Figure 2A – SM transmission within the time window the SMS-GMSC expects to receive the TFA message 

2B) SM retransmission by the SMS-GMSC at the time requested by the MME/SGSN in the TFA message
The SMS-GMSC may support the option to retransmit the SM at a later time as follows: 
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Figure 2B-1 – SM retransmission at the time requested by the MME/SGSN in the TFA message

3
The SMS-GMSC indicates in the TFR whether it supports this optional procedure by including a new Max Retransmission Time AVP (e.g. 30 minutes), which indicates for how long the SMS-GMSC is ready to store the SM if it cannot be delivered at once.

4
If the UE is expected to be reachable within the Max Retransmission time provided in the TFR, the MME sends immediately a TFA negative answer / Error with the time at which the SM should be resent by the SMS-GMSC. The MME does NOT set the MNRF flag. The MME also pages the UE.

The SMS-GMSC does NOT send a RDR to the HSS. The SMS-GMSC should not regard the SM retransmission as a second attempt for a single-attempt-delivery-SM. 

5-6
The MME may page the UE before or after the 2nd TFR (step 7), but if it does so, the MME does NOT send a NOR to the HSS upon receipt of the paging response since the MNRF flag was not set.

7
The SMS-GMSC retransmits the SM at the time which was indicated in the TFA. The TFR should not include a Max Retransmission Time AVP, so as to revert to the default solution if the UE is not reachable at the time that was indicated to the SMS-GMSC.
The following additional changes have been approved at the TSG CT#71 plenary meeting to enable the immediate SM retransmission by the SMS-GMSC if option 2B is used and if the UE originates NAS signalling or moves to another MME/SGSN prior to its next paging occasion, i.e. before the SM retransmission time requested to the SMS-GMSC. 
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Figure 2B-2 – SM retransmission by the SMS-GMSC upon MO signalling in the same MME/SGSN prior to the requested retransmission time

6
Upon MO signalling (e.g. TAU/RAU, Service Request) in the same MME/SGSN the MME/SGSN sends an ALERT request to the SMS-GMSC to trigger the immediate retransmission of the SM.
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Figure 2B-3 – SM retransmission by the SMS-GMSC upon mobility to a new MME/SGSN prior to the requested retransmission time

Upon mobility to a new MME/SGSN prior to the requested retransmission time, 

7
If there is a pending MT-SM to be delivered via the new MME/SGSN, the old MME/SGSN includes a new MT-SMS pending flag in the Forward Relocation Request or Context Response message at handover/TAU/RAU; 

8
Then the new MME /SGSN includes its Diameter / MAP address in the Forward Relocation Response / Context Acknowledge message, and maintains the UE signalling connection for a longer time.
9
The old MME/SGSN sends an ALERT request to the SMS-GMSC, with the received new MME/SGSN diameter or MAP address, to trigger the immediate retransmission of the SM.to the new serving node.

For Attach scenarios, the old MME/SGSN will send an ALERT request to the SMS-GMSC upon receipt of the Cancel Location from the HSS (if there is a pending MT-SM). In this case, the SMS-GMSC sends a new SRR to the HSS to retrieve the new serving node address and the SMS-GMSC retransmits then the SM towards the new serving node. 
The ALR will contain an indication that the UE has moved to another MME/SGSN; this enables the SMS-GMSC to differentiate whether it shall retransmit the SM towards the same MME/SGSN (i.e. when UE originates NAS signalling to the same MME/SGSN), or towards a new MME/SGSN. In the latter case, the SMS-GMSC shall trigger a new SRR to retrieve the new serving node's address if the new serving node address is not provided in the ALERT request.
Option 2B presents the following advantages:

a. MT SM for UEs in eDRX does NOT cause any extra HSS signalling. 

b. No issue  with short eDRX period (e.g. up to 20s) of synchronization of messages received at HSS 

c. Single-attempt-delivery SM can be transmitted to the UE if this procedure is used (without the need to use MWD for single-attempt-delivery SM as currently specified).

2C) Prioritized SM retransmission by the SMS SC when the UE becomes reachable

This is an enhancement to the fallback solution, i.e. to the solution where the MNRF/MNRG flag is set in the MME/SGSN and HSS and SM is retransmitted by the SMS SC via the HSS (NOR/ALR messages) when the UE responds to the paging request or becomes available.

The MME/SGSN may include a new Maximum-UE-Availability-Time in the NOR and ALR messages, indicating the time window until when the network intends to maintain the signalling connection with the UE after the paging response (e.g. 30 seconds). This IE serves as an indication to the SMS SC that it should prioritize the retransmission of SMs sent to this UE (using eDRX). 

[image: image6.emf]UE MME SMSC HSS

1. SRR

2. SRA

3. TFR

4a. TFA(unsuccessful delivery)

4b. paging

5. RDR

6. RDA

7. paging 

response

8. NOR(Max-UE-Availability-Time)

9. NOA

10. ALR(Max-UE-Availability-Time)

11. ALA

14. TFR

12. SRR

13. SRA


Figure 2C – Prioritized SM retransmission by the SMS GMSC when the UE becomes reachable

3. Proposed corresponding enhancements for MT SMS over SGs 

Similar extensions can be defined for efficient delivery of MT SMS over SGs to UEs in eDRX.
3A) MT SM transmission within the time window the SMS-GMSC expects to receive the Delivery Report
The SMS-GMSC includes the (existing MAP) SM-Delivery-Timer and SM-Delivery-Start-Time IEs in the Forward Short Message to let the MSC know until when the MSC can send the Delivery Report, regardless of whether the MT SM transmission involves an IP-SM-GW or not. This allows the MSC to buffer and send the SM to the UE without any SM retransmission, if the UE is waking up within the time frame indicated by the SM-Delivery-Timer/SM-Delivery-Start-Time (e.g. within the next 30s to 10 minutes), and thus also solves the messages synchronization issue at the HSS.
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Figure 3A – MT SM transmission within the time window the SMS-GMSC expects to receive the Delivery Report

4.
If the Forward Short Message includes the SM-Delivery-Timer/Start Time parameters, and if the MSC supports the option to buffer the SM for the time period indicated by these parameters, the MSC/VLR includes the SM-Delivery-Timer and SM-Delivery-Start-Time parameters in the SGs Paging Request (for SMS). The MSC/VLR may shorten the time window (indicated by the SM-Delivery-Timer and SM-Delivery-Start-Time) it signals to the MME over the SGs interface (if the MSC/VLR is configured to buffer SMs for no longer than a certain duration, e.g. 3 minutes).  

5.
If the UE is expected to be reachable after the Ts5 timer (SGs paging guard timer) but within the time window indicated by the SM-Delivery-Timer and SM-Delivery-Start-Time parameters, the MME returns immediately an SGs UE-Unreachable message to the MSC/VLR with an indication that the UE is transiently not reachable and with a request to buffer the Short Message in the VLR. The MSC/VLR keeps the SM and does not return any Delivery Report yet. 

9.
The MME initiates an SGs Service Request when the UE responds to the paging request (within the time window indicated in the SGs paging request) and the MSC/VLR delivers the SM to the UE as per existing procedures.

3B) SM retransmission by the SMS-GMSC at the time requested by the MSC in the Delivery Report
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Figure 3B – SM retransmission by the SMS-GMSC at the time requested by the MSC in the Delivery Report

3
The SMS-GMSC indicates in the Forward Short Message whether it supports this optional procedure by including a new Max Retransmission Time IE (e.g. 30 minutes), which indicates for how long the SMS-GMSC is ready to store the SM if it cannot be delivered at once.

4
The MSC/VLR includes the Max-Retransmission-Time IE received from the SMS-GMSC to the SGs Paging Request (for SMS).

5
If the UE is expected to be reachable within the Max Retransmission time provided in the SGs Paging Request, the MME sends immediately a UE-Unreachable message to the MSC/VLR with an indication that the UE is transiently not reachable and with the time at which the SM is requested to be retransmitted by the SMS-GMSC. The MME sets its Non-EPS Alert Flag (NEAF) so as notify the MSC of any subsequent MO activity prior to the requested retransmission time (see Figure 4D below) . The MSC/VLR sends a Delivery Report (failure) with the Requested retransmission time received from the MME. The MSC does NOT set the MNRF flag. 

The SMS-GMSC does NOT send an SM-Delivery-ReportStatus to the HLR/HSS. The SMS-GMSC should not regard the SM retransmission as a second attempt for a single-attempt-delivery-SM. 

7
The SMS GMSC retransmits the SM at the time which was indicated in the Delivery Report. The Forward Short Message should NOT include a Max Retransmission Time IE, so as to fallback to the default solution if the UE is not reachable at the time that was indicated to the SMS-GMSC.
3C) Prioritized SM retransmission by the SMS SC when the UE becomes reachable

This is an enhancement to the fallback solution, i.e. to the solution where the MNRF flag is set in the MSC and HSS and SM is retransmitted by the SMS SC via the HSS when the UE responds to the paging request or becomes available (see Figure 1).

The MME may include a new Maximum-UE-Availability-Time in the SGs UE Activity Notification message indicating the time window until when the network intends to maintain the signalling connection with the UE after the paging response (e.g. 30 seconds). This information is propagated in the MAP Ready For SM and Alert-SC messages. This serves as an indication to the SMS SC that it should prioritize the retransmission of SMs sent to this UE (in eDRX).
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Figure 3C – Prioritized SM retransmission by the SMS GMSC when the UE becomes reachable

3D) SM retransmission by SMS-GMSC at MO signalling or mobility prior to the requested retransmission time

This additional change enables the immediate SM retransmission by the SMS-GMSC if the option 3B is used and the UE originates NAS signalling or moves to another MSC or MME prior to its next paging occasion, i.e. before the SM retransmission time requested to the SMS-GMSC
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Figure 3D – SM retransmission upon MO signalling or mobility prior to the requested retransmission time

8
Upon MO signalling (e.g. TAU, Service Request) the MME sends an ALERT request to the SMS-GMSC to trigger the immediate retransmission of the SM.

9
The MSC/VLR sends an Alert message to the SMS-GMSC to trigger an immediate retransmission of the SM.

Likewise, the MSC/VLR also sends an Alert SC request to the SMS-GMSC if the UE moves to a different MME (i.e. if the same VLR receives an SGs Location Update Request from a different MME) or if the UE moves to different MSC/VLR (i.e. if the old VLR receives a Cancel Location from the HSS) prior to the requested retransmission time, so as to trigger the immediate SM retransmission towards the new serving node.

Conclusions

CT1 and CT4 have specified enhancements for efficient delivery of MT SMS to UEs in eDRX in the PS domain, which avoids excessive signalling at the HSS and helps ensure successful SM retransmission.

SMS over SGs is widely deployed in visited PLMNs to support SMS delivery to UEs in E-UTRAN. The same issues as identified for SMS in the PS domain also exist for SMS delivery via the SGs interface. 

It is proposed to extend the enhancements specified for the PS domain to SMS over SGs, so as to support efficient delivery of MT SMS to UEs in eDRX when visited PLMNs deploy SMS over SGs and to support consistent solutions in the 3GPP system irrespective of whether the SMS is delivered via SGs or the PS domain.

It must be noted again that all of the solutions presented above are optional to support, and cause no backwards compatibility issues for non-supporting nodes.
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