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Abstract of the contribution: this paper attempts to evaluate the issues found for the MT SMS over SGs in eDRX and provide the alternative solutions for MT SMS delivery in eDRX without impact the legacy CS network domain (e.g. MSC/VLR).
1. Introduction
CT1 has sent an LS C1-160782 to notify SA2 that some issues for the mobile terminated SMS in eDRX procedure described in TS 23.272 subclause 8.2.4a (the procedure shown in Figure 8.2.4a-1) were observed. This paper attempts to evaluate the issues found for the MT SMS over SGs in eDRX and provide the alternative solutions for MT SMS delivery in eDRX without impact the legacy CS network domain (e.g. MSC/VLR).
2. Problem evaluations
2.1 The original issue for MT SMS over SGs caused by eDRX
The purpose of SA2 to add a new MT SMS over SGs procedure (i.e. TS 23.272 subclause 8.2.4a) is mainly to avoid the MT SMS retransmissions issue (named original issue hereafter) if an eDRX cycle value used by eDRX is longer than the retransmission timers in the SMS infrastructure (e.g. in SMS-GMSC).
This original issue actually is not a new issue caused by eDRX but can happen in many other cases, e.g. the UE is temporarily out of coverage. So the severity of the issue is based on how often this original issue can happen in eDRX.

As said the eDRX is mainly to reduce the UE power consumption when no user data is transmitted. Hence, the eDRX is more suitable to be deployed for the MTC/CIoT devices (like smart meters) which has infrequent and small data to be transported. In such scenarios, it is not very often for the network to delivery an MT SMS to a UE, more likely used as a device trigger message. From this point, this original issue will not happen very often in eDRX.
If for a device has more frequent user data transport (like smart phone), and eDRX is used, the eDRX cycle value will not be set to very longer otherwise the MT queued data is non-acceptable at the network side which finally impact the user experience very much. In such scenarios, it is more less that the used eDRX cycle value is longer than the retransmission timer in the SMS-GMSC and this results in this original issue will not happen very often.
Hence, we would have:

Observation I: the original issue for MT SMS over SGs caused by eDRX will not happen very often.
2.2 The new issues caused by procedure in TS 23.272 subclause 8.2.4a
However, for the MT SMS over SGs procedure (i.e. TS 23.272 subclause 8.2.4a) which was newly added to avoid the above original issue, CT1 has observed some new issues and notified SA2 in an LS (C1-160782). The more critical issues (named new issues hereafter) are described below:
a. Every MT SMS delivery for UEs in eDRX will cause systematically 5 pairs of messages at the HSS (i.e. the step 3, 8, 12, 13 and another step 3 during step 14 in the Figure 8.2.4a-1). Prior to the introduction of eDRX, steps 3, 8, 12, 13 and 14 are only 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 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)
Note that above new issues are just caused by the newly added MT SMS over SGs procedure (i.e. TS 23.272 subclause 8.2.4a). Especially for the above issue #a, it causes substantial additional signalling to the HSS for every MT SMS over SGs which is more serious than the original issue solved by adding this procedure at beginning.
Furthermore, another issue which was not identified by CT1 that, in addition to create signalling load at the HSS, during the MT SMS over SGs procedure (i.e. TS 23.272 subclause 8.2.4a), the MSC/VLR and the MME need also follow the existing behaviours for unsuccessful MT SMS delivery attempt over SGs as specified in subclause 8.2.5c of TS 23.272, typically the actions highlighted as Yellow below:

“If an SGs based MT SMS delivery attempt fails, the MSC/VLR shall set its MNRF and send an SGs interface Alert Request message to the MME. Upon receipt of Alert Request message, MME shall set its Non-EPS Alert Flag (NEAF) and if ISR is activated, the MME shall then send an S3 interface Alert-MME-Request message to the SGSN. SGSN shall set the S3 SMS Alert Flag (SSAF).

…

Subsequently, if the UE makes radio contact with the SGSN and SSAF is set, the SGSN informs the MME with an S3 interface UE-Activity-Indication. Upon receipt of the S3 interface UE-Activity-Indication, or, if the UE makes radio contact with the MME, the MME sends an SGs AP UE-Activity-Indication message to the MSC/VLR. Upon receipt of an SGs AP UE-Activity-Indication message, or signalling on the A, Iu-cs or Gs interface for that UE, the MSC/VLR shall inform the HLR.

One can see for every MT SMS over SGs delivery, it also causes substantial additional signalling at the MSC/VLR and MME. If considering ISR, more signalling will be created at the MME. All these are counted as new issues as well. Note that for the MT SMS over PS domain (e.g. SMS over SGSN and SMS in MME), there is no additional signalling created between the MSC/VLR and the MME/SGSN over SGs/Gs interface.
Now we would have:

Observation II: to resolve the original issue, the added MT SMS over SGs procedure in eDRX caused many more serious new issues.
Based on Observation I and II, we would propose:

Proposal I: SA2 to re-evaluate the original issue and new issues found above, and then rethink whether the new added MT SMS over SGs procedure in eDRX (i.e. TS 23.272 subclause 8.2.4a) is the best way forward.

2.3 The original issue for MT SMS over SGs caused by PSM
Before eDRX feature, 3GPP has completed a Rel-12 PSM feature to reduce the UE power consumption as well. PSM and eDRX shared some common characteristics, e.g. both needs to be negotiated between the UE and the CN nodes but only limit to MME/SGSN (i.e. MSC/VLR is excluded), and both them are intended for UEs that are expecting only infrequent MO/MT services and that can accept a corresponding latency in the MT communication, including MT SMS. 
When PSM was activated, the UE is unreachable and hence the MT SMS retransmissions issue can be also caused.
Hence we would have:

Observation III: the original issue for MT SMS over SGs can be also caused by PSM.
2.4 The original issue for MT SMS caused by eDRX in UTRAN/GERAN in NMO I
The eDRX can be used in GERAN/UTRAN as well. In case of GERAN/URAN NMO I (i.e. Gs was deployed), the MT SMS routed to the MSC/VLR will also trigger the paging to the SGSN. If the eDRX is used at the SGSN and the eDRX cycle value is longer than the retransmission timer in the SMS-GMSC, this original issue will happen as well.
However, during the study work for eDRX, this original issue in GERAN/UTRAN NMO I seems not to be taken by SA2 in to account and hence there is no corresponding solution evaluated so far. SA2 should keep in mind eDRX in UTRAN/GERAN in NMO I when considering any enhancement on the MT SMS over SGs.
Hence we would have:

Observation IV: the original issue can be also caused by eDRX in GERAN/UTRAN NMO I but study and evaluation was not done in SA2.
3. Discussion
3.1 The current network behaviour for handling of MT SMS in PSM
As shown in Observation III, the MT SMS retransmissions issue can be also caused by PSM. However, during the whole PSM work, nothing is enhanced for the existing MT SMS over SGs delivery procedure to avoid the MT SMS retransmissions issue. One thing is due to the PSM is intended for UEs that are expecting only infrequent MT services (including SMS) and can accept a corresponding latency for the MT SMS delivery. In other words, the MT SMS retransmissions issue can be lived when PSM was activated. Another thing is PSM has no support in the CS domain on the network side, to enhance MT SMS over SGs delivery procedure does impact the MSC/VLR and against PSM scope.
The current network behaviour for handling of MT SMS in PSM is actually unspecified. From the below text specified in stage 3 (see TS 24.301), the network behaviour for the MT SMS delivery is up to the network implementation in PSM:
"The network behaviour upon expiry of the active timer is network dependent, but typically the network stops sending paging messages to the UE on the first expiry, and may take other appropriate actions."
Considering the eDRX is also intended for UEs that are expecting infrequent MT services (including SMS), typically, for the MT SMS over SGs, we would propose:

Proposal II: SA2 to adopt the very similar handling as PSM for the MT SMS over SGs in eDRX, i.e. to make the network behaviour for MT SMS over SGs procedure in eDRX is up to the network implementation.

3.2 Whether enhancement on MT SMS over SGs procedure is really needed when deploying eDRX?
In TR 23.770, for the issue #3 “Handling of MT SMS, e.g. avoiding retransmissions for long DRX cycles”, it is concluded to adopt the Solution #1 in section 5.3.1 for normative work. However, in this solution, it does not mention the legacy CS network domain (e.g. MSC/VLR) has to be impacted. Typically for the MT SMS over SGs, it just said:
"For MT SMS using SMS over SGs, the MME is transparently handling the SGs unit data and the MSC is handling the SMS interactions. Based on the extended DRX value and local configuration, the MME may decide to indicate towards the MSC that the UE is unreachable (independent if the SGs unit data is for SMS or any other data). The MSC uses the SGs Non-EPS Alert procedure for being notified of any UE signalling activity."
This actually is aligned with above Proposal II that the MME can re-use all legacy procedure to handle the MT SMS over SGs and no further impact on the MSC/VLR is required in eDRX.
Moreover, SMS in MME was a Rel-11 feature which typically introduced for MTC devices. SMS in MME can be used for a UE without combined registration to both PS domain and CS domain, typically for the MTC/CIOT devices that the CS services other than SMS (like CS voice) are not supported. Hence, SMS in MME or SMS over SGSN is a more suitable/common way for MT SMS delivery when coming to Rel-13 network deployment. Especially, it is foresee for all CIOT devices, no combined procedure is required and hence all CIOT SMS can only be transported via SMS in MME or SMS over SGSN via PS domain.
Hence, we would propose:

Proposal III: SMS in MME or SMS over SGSN is preferred for MT SMS delivery in PSM or eDRX. If MT SMS over SGs is used, the operator should be aware that above Proposal II will be applied.

3.3 The backward compatibility risks for SMS over SGs in eDRX?
If the MSC/VLR needs to be impacted for MT SMS over SGs in eDRX, this does mean the operator has to upgrade all their legacy MSC/VLR to support eDRX when they decide to deploy the eDRX in their network. Note that when deploy Rel-12 PSM, there is no requirement for the operator to upgrade their MSC/VLR anymore. This will make the eDRX lose its challenge to the PSM for UE power saving.
If the upgrade of all SGs associated MSC/VLR to support eDRX cannot be guaranteed, the backward compatibility issue does exist and has to be resolved well. In case of a new MME interfaces with a legacy MSC/VLR, the legacy MSC/VLR will ignore any new indications/parameters for eDRX and take the per legacy behaviour to handle the MT SMS over SGs. If so, why 3GPP has to enhance the legacy MT SMS over SGs if the SMS in MME has to be ready in Rel-13 deployment for CIOT devices?
Now we would have:

Observation V: to upgrade MSC/VLR will introduce backward compatibility risks for SMS over SGs in eDRX.
4. Alternative solutions
4.1 Solution I: SMS in MME or SMS over SGSN is preferred for MT SMS delivery in eDRX
This is to follow above Proposal III, the SMS in MME or SMS over SGSN is preferred for MT SMS delivery in eDRX. If the MT SMS has to be delivered via SMS over SGs, the per legacy SMS over SGs procedure (i.e. TS 23.272 subclause 8.2.5 “Unsuccessful Mobile terminating SMS delivery attempt”) applies. A note is required to make the operator to be aware of this.
The detail changes of this solution can be seen in Annex A.

This solution can avoid the original issue (in section 2.1) and new issues (in section 2.2) as far as possible.

4.2 Solution II: MME immediately responses SGs Service Request to MSC/VLR and buffers the MT SMS until paging response received from UE
For deploying eDRX, the MME whatever needs to be upgraded. This solution changes the MME’s logic for SMS over SGs to acts as an SGSN in SMS over SGSN to buffer the MT SMS received over SGs interface during the eDRX cycle, while make the MSC/VLR unchanged.

The principle of this solution can be summarized as below:
(1) Upon receipt of an SGs paging for MT SMS from MSC/VLR, if the eDRX is used for the UE, the MME immediately sends back an SGs Service Request to MSC/VLR;
(2) The MSC/VLR sends the MT SMS to the MME;

(3) The MME buffers the MT SMS and pages the UE following the eDRX policy;
(4) Upon receipt of the paging response from the UE, the MME sends the buffered SMS to the UE and keep the UE in the connected mode as long as possible to make sure the MT SMS was completely delivered. 

The detail changes of this solution can be seen in Annex B.

This solution can avoid the original issue (in section 2.1) and the new issues (in section 2.2) while keep the MSC/VLR is unchanged.

5 Conclusions

This discussion paper has provided detail analysis on issues and the necessity of enhancement on MT SMS over SGs delivery for UEs in eDRX. 
Below five observations were given based on the analysis and evaluation:

Observation I: the original issue for MT SMS over SGs caused by eDRX will not happen very often.
Observation II: to resolve the original issue, the added MT SMS over SGs procedure in eDRX caused many more serious new issues.
Observation III: the original issue for MT SMS over SGs can be also caused by PSM.
Observation IV: the original issue can be also caused by eDRX in GERAN/UTRAN NMO I but study and evaluation was not done in SA2.
Observation V: to upgrade MSC/VLR will introduce backward compatibility risks for SMS over SGs in eDRX.
Based on above observations, below three proposals were provided:

Proposal I: SA2 to re-evaluate the original issue and new issues found above, and then rethink whether the new added MT SMS over SGs procedure in eDRX (i.e. TS 23.272 subclause 8.2.4a) is the best way forward.

Proposal II: SA2 to adopt the very similar handling as PSM for the MT SMS over SGs in eDRX, i.e. to make the network behaviour for MT SMS over SGs procedure in eDRX is up to the network implementation.

Proposal III: SMS in MME or SMS over SGSN is preferred for MT SMS delivery in PSM or eDRX. If MT SMS over SGs is used, the operator should be aware that above Proposal II will be applied.

It proposes SA2 to discuss above observations and proposals, and finally to decide either Solution I or Solution II in section 4 as a solution for MT SMS over SGs in eDRX without impact the legacy CS network domain (e.g. MSC/VLR).
Annex A: Solution I
Changes for TS 23.272:
8.2.4a
Void



















Changes for TS 23.682:
4.5.13
Extended idle mode DRX

4.5.13.1
General

…
A UE that uses mobile terminated CS services other than SMS should not request for extended idle mode DRX as the CS domain does not provide support for mobile terminated CS voice services to UEs that are in extended idle mode DRX. A UE that uses delay tolerant mobile terminated IMS services other than SMS should not request for extended idle mode DRX unless IMS uses the functions for High latency communication as described in clause 4.5.7. For UEs applying extended idle mode DRX, the mobile terminated SMS delivery via SMS in MME (as described in TS 23.272 [11]) or SMS over SGSN (as described in TS 23.060 [6]) is preferred.
NOTE 1:
The frequency of keep-alive messages on Gm impacts the possibility to use IMS services for UEs applying extended idle mode DRX.

NOTE 2:
The mobile terminated SMS delivery via SMS over SGs in eDRX is progressed as per legacy procedure as described in TS 23.272 [11].

…
In case extended idle mode DRX is enabled, the network handles mobile terminated data using high latency communication feature, according to clause 4.5.7, GTP-C retransmissions as described in TS 23.060 [6] and TS 23.401 [7], and location services according to TS 23.271 [33].

***********************************************************************
Annex B: Solution II
Changes for TS 23.272:
8.2.4a
Mobile Terminated SMS in extended Idle mode DRX

The following sequence flow shows the delivery of mobile terminating SMS when the UE is using extended idle mode DRX (as defined in TS 23.682 [48]) with a DRX cycle value that can cause mobile terminating SMS retransmissions.
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Figure 8.2.4a-1: Mobile terminating SMS in extended idle mode DRX

1.
The combined EPS/IMSI attach procedure as described in clause 5.2 has been performed, and extended Idle mode DRX has been negotiated.

2 4.
The SC initiates transfer of mobile terminating SMS. The HLR is requested for routing number for SMS services and the SMS message is forwarded to the MSC/VLR where the MS/UE is CS attached.

5.
The MSC/VLR sends a Paging (IMSI, VLR TMSI, Location Information, SMS indicator) message to the MME.

6a.
If the UE is considered unreachable for paging due to using extended idle mode DRX (as specified in TS 23.682 [48]), the MME sends a Service Request message to the MSC/VLR. If the MME proceeds with step 6a, steps 6b-16 as shown in Figure 8.2.4a-1 and described below are performed.


Otherwise steps 6-16 of clause 8.2.4 are performed.

6b.
The MSC/VLR builds the SMS message to be sent as defined in TS 23.040 [14] (i.e. the SMS message consists of CP‑DATA/RP‑DATA/TPDU/SMS‑DELIVER parts). The MSC/VLR forwards the SMS message to the MME in a Downlink Unitdata message. The MME stores the received SMS message..


7a.
The MME sends the paging request just before the occurrence of next paging occasion.

7b.
The MS/UE is paged by the eNodeBs.

8.
The UE sends a Service Request message to the MME. The UE indicates its S TMSI in the RRC signalling. The MME sends the S1-AP Initial Context Setup Request message to the eNodeB and the eNodeB establishes the Radio Bearers. The network should ensure the UE is connected long enough that it allows the MT SMS message is delivered completely while the UE is still active.

9a.
The MME encapsulates the SMS message in a NAS message and sends the message to the MS/UE.

9b, 9c. The MS/UE acknowledges receipt of the SMS message to the MSC/VLR.

10.
The MS/UE returns a delivery report as defined in TS 23.040 [14]. The delivery report is encapsulated in an NAS message and sent to the MME.

11.
The MME forwards the delivery report to the MSC/VLR in an Uplink Unitdata message.

12‑13. These steps are performed as defined in TS 23.040 [14]. The delivery report is forwarded to the SC.

14-15. In parallel to steps 12-13, the MSC/VLR acknowledges receipt of the delivery report to the MS/UE.

16.
The MSC/VLR indicates to the MME that no more NAS messages need to be tunnelled.


The MME should not use the SGs Release Request message as a trigger for the release of S1 resources.

NOTE:
Although the MME could use the RRC establishment cause (set to mt-Access) sent in the S1-AP Initial UE Message in step 8 to deduce that the MS/UE sent the Service Request solely for receiving the SMS), the MME does not know whether the MT-SMS might cause the initiation of user plane traffic or an MO SMS. So, for simplicity of MME implementation, the normal eNodeB procedures should be used to initiate the release of S1 resources.
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14. Retransmission of Mobile Terminated SMS as per 8.2.5
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12. Delivery report 
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