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1. Introduction
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]This discussion paper attempts to provide detailed analysis on the necessity of updating the legacy CS infrastructure end-to-end for MT SMS over SGs just due to deploying the eDRX.


2. Discussion
2.1 Original problem found by SA2
The original problem for MT SMS delivery in eDRX found by SA2 is: 
· MT SMS retransmissions can occur for UEs being temporary unreachable due to eDRX (e.g. eDRX cycle value used by the MME/UE is longer than the retransmission timers in the SMS infrastructure).

This original problem actually is NOT a new issue introduced due to eDRX but can today occur in the field in many other cases, e.g. the UE is temporarily out of coverage, the UE is in the power saving mode (i.e. PSM).

The severity of this problem depends on how often this can occur in an eDRX deployment.

The eDRX is mainly to reduce the UE power consumption in idle mode. Hence, like for PSM in Rel-12, eDRX is more suitable to be deployed for MTC/CIoT devices (like smart meters) which has infrequent and small data transfer.

For devices that have more frequent data transport (like smart phone), no much benefit is gained by deploying eDRX or PSM due to the long/heavy MT data buffering which does impact the user experience very much.

[bookmark: OLE_LINK15]Observation I: the original problem is NOT a new or even more often problem for MT SMS delivery in eDRX.

2.2 New problems identified by CT1
SA2 newly added an MT SMS over SGs procedure (i.e. TS 23.272 subclause 8.2.4a) to avoid the MT SMS retransmissions (the original problem).

CT1 has identified some new problems due to the SA2 newly added MT SMS over SGs procedure, typically the problem results in additional signalling towards the HSS/HLR (i.e. the steps 3, 8, 12, 13 in the below Figure).

SA2 was not aware of the problems added by the new MT SMS over SGs procedure for eDRX at the very beginning but were identified by CT1 and then reported to SA2 by LS.

Also, for this new MT SMS over SGs procedure, SA2 introduced a new SGs cause for eDRX from the MME but did not describe how the MSC/VLR handles this new SGs cause.

At the same time, SA2 clearly indicated (by the below NOTE) that all CS network entities (i.e. MSC/VLR, HLR, SMS-GMSC and SC) in the new MT SMS over SGs procedure perform the legacy behaviour as today.
     “NOTE:	Steps 7-9 are as per legacy behaviour of MT SMS delivery failure as defined in TS 23.040 [14].”

Observation II:  based on the new MT SMS over SGs procedure (TS 23.272), nothing new is actually done for the legacy SMS system for eDRX.




2.3 Same problem exists for the Rel-12 PSM feature
Before eDRX, 3GPP completed the Rel-12 PSM feature which reduces UE power consumption.

PSM and eDRX share some common characteristics, e.g. both need to be negotiated between the UE and the CN nodes but only limited to MME/SGSN (i.e. MSC/VLR is excluded), both of them are intended for UEs that are expected to have only infrequent MO/MT services, including MT SMS.

When PSM is activated, the UE is unreachable and the MT SMS retransmissions (the original problem) can also occur when PSM is used.

However, for PSM, no new procedure for MT SMS over SGs delivery was introduced.

The current network behaviour for MT SMS delivery in PSM is up to network implementation (see below text in TS 24.301):
“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.”

Observation III:  eDRx should adopt similar handling as PSM for the MT SMS over SGs delivery.

2.4 Legacy impacts of solutions tabled in (C1-161180 - C1-161185)
Note that all three set of proposals from CRs (C1-161180 - C1-161185) have to be deployed together to make sure all identified problems are resolved.

The proposals require upgrade to the legacy CS infrastructure end-to-end (i.e., MSC/VLR, HLR, SMS-GSMC, SGs interface and the D/E interfaces. Note that this would not be the case for similar feature; PSM).

The solutions can also create unnecessary signaling load due to the SMS-GMSC will always include the new proposed parameters to the MSC/VLR and MME regardless whether eDRX is used at the MME or not (the SMS-GMSC does not know whether eDRX was used at the MME so far. Even the SMS-GMSC knows the MME has deployed the eDRX feature, however the SMS-GMSC cannot know whether the MME has enabled the use of eDRX for the specific UE).

Though the optimizations are optional, it was commented in CT1 that the HPLMN which has deployed this optional enhancement cannot get the benefit if the VPLMN has deployed the eDRX feature and not deployed this optional enhancement. Hence, the optionality is questioned by some operators (who do not want to upgrade legacy infrastructure just for eDRX)


3. Proposed alternative solutions
[bookmark: OLE_LINK23]3.1 Alternative #1: the MME buffers the MT SMS based on the time period of UE reachable
The more details of this alternative solution can be seen in the Annex which proposed the changes to the existing text in TS 23.272.

The MME can immediately provide feedback to the MSC/VLR for the SGs paging for MT SMS to enable the MT SMS delivered to the MME (steps 6a and 6b in the below Figure).

The MME knows when the UE is reachable based on the negotiated eDRX cycle value and hence can buffer the received MT SMS until that time.

When the UE becomes reachable (i.e. responds to paging), the MME immediately sends the buffered MT SMS to the UE. The subsequent procedures are performed as legacy.

This solution needs NOT so much additional standard work in 3GPP due to it can be fully achieved by MME internal implementation(Note that if the UE initiates the TAU procedure with MME change, the source MME will send the buffered MT SMS to the new MME). Hence, the legacy CS SMS infrastructure impacts are then avoided.




So far, the delivery time for MT SM at the SMS-GMSC is not specified in the standard and can be configured with different values per operator policies. For the MT SM delivery via IP-SM-GW, a max. delivery time for MT SM used at the SMS-GMSC can be 600s. Hence for an operator interested to deploy the eDRX, it is reasonable to configure a longer delivery time for MT SM at the SMS-GMSC, e.g. >10m or even 30m or 1h.

Now if we see the defined eDRX cycle values used in S1 mode in the below table (in TS 24.008 Extended DRX parameters IE definition), for the 10 values, there are 7 values are shorter than 600s while only 3 values are longer than 600s. In case of an operator interested to deploy the eDRX configured a longer delivery time (e.g. 1h), the SM retransmission can be totally avoided then.

	S1 mode
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]The field contains the eDRX value for S1 mode. The E-UTRAN eDRX cycle length duration valueand the eDRX cycle parameter 'TeDRX' as defined in 3GPP TS 36.304 [121] are derived from the eDRX value as follows:


	bit

	8
	7
	6
	5
	E-UTRAN eDRX cycle length duration
	eDRX cycle parameter 'TeDRX'

	0
	0
	0
	0
	5,12 seconds
	20

	0
	0
	0
	1
	10,24 seconds
	21

	0
	0
	1
	0
	20,48 seconds
	22

	0
	0
	1
	1
	40,96 seconds
	23

	0
	1
	0
	0
	81,92 seconds
	24

	0
	1
	0
	1
	163,84 seconds
	25

	0
	1
	1
	0
	327,68 seconds
	26

	0
	1
	1
	1
	655,36 seconds
	27

	1
	0
	0
	0
	1310,72 seconds
	28

	1
	0
	0
	1
	2621,44 seconds
	29




[bookmark: OLE_LINK27][bookmark: OLE_LINK28]3.2 Alternative #2: the MME disables the use of eDRX
[bookmark: OLE_LINK24]As shown in the section 2.1, the eDRX is mainly to reduce the UE power consumption in idle mode and hence it is more suitable to be deployed for MTC/CIoT devices (like smart meters) which has infrequent and small data transfer.

If there is only infrequent MT SM delivery per UE, there is no big problem for HLR/HSS signaling load. If the MME detects that there are frequent MT SMS delivery for the specific UEs, the MME can (temporarily) disable the use of eDRX for these UEs. This can be done during the (next) periodic TAU procedure triggered by those UEs.

It is MME’s internal policy (configured by the operator) to decide when to enable/disable the use of eDRX for a UE based on the frequency of the SMS/data exchanged between the UE.

The corresponding changes required for this alternative have been proposed in C1-161647 and C1-161648.

4. Proposed way forward
Several operators do not want to invest in legacy CS infrastructure just due to eDRX.

The operators who have interest to deploy eDRX in Rel-13 can use the Alternative solution #1 and also the Alternative solution #2 at the same time for MT SMS over SGs. Both solutions do not impact the egacy CS infrastructure and hence do not require additional big standard work (with some simple clarification is enough). 

We propose that the network adopts similar handling as PSM for the MT SMS over SGs in eDRX, i.e. the network can take any appropriate actions (e.g. including MME network implementation, delivery time configuration for MT SM at SMS-GMSC taking eDRX into account).

The whole eDRX work was 100% complete in both stage 2 and stage 3, hence any proposals which require updating the legacy CS network domain should not be allowed as several operators reject investing in CS infrastructure.

Only if 3GPP needs to specify some behaviour, SA2 is the appropriate group to discuss the problems and decide workable solutions since the problems were introduced in TS 23.272 which is under SA2 responsibility. An SA2 CR# 0962 (S2-161432) tabled for TS 23.272 was also submitted to SA2#114 meeting to trigger SA2 solution discussion on Alternative solution #1.

******************************************************************************************************************************
Annex: Alternative Solution 1
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.



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 RequestUE unreachable message (cause extended idle mode DRX) to the MSC/VLR. If the MME proceeds with step 6a, steps 6b-164 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.The MME sends the paging request just before the occurrence of next paging occasion.
NOTE:	Steps 7-9 are as per legacy behaviour of MT SMS delivery failure as defined in TS 23.040 [14].
7a.	The MME sends the paging request just before the occurrence of next paging occasionThe MSC/VLR sends a failure report to the SMSC-GMSC with an Absent Subscriber indication as defined in TS 23.040 [14].
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. When the SMS-GMSC receives the absent subscriber indication from MSC/VLR it sends an SM-DeliveryReportStatus with absent subscriber indication to HSS in order to be notified when the UE becomes reachable, according to TS 23.040 [14].
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.
9.	The SMS-GMSC, in parallel with step 8, sends a failure report to the SC, according to TS 23.040 [14].
10.	The MS/UE is paged by the eNodeBs.
11.	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 SC to reattempt to deliver the MT SMS message while the UE is still active.
12.	The MME sends UE-Activity-Notification (IMSI, UE-Reachable) to the HSS.
13.	The HSS initiates Alert-SC function towards the SC as defined in TS 23.040 [14].
14.	The SC initiates a new attempt to deliver the MT SMS according to clause 8.2.5.



oleObject2.bin


12. Delivery report 







6a. Service Request







8. Service Request







7b. Paging







7a. Paging







9c. Uplink Unitdata







13. Delivery report 







9b. Uplink NAS Transport







9a. Downlink NAS Transport







11. Uplink Unitdata







10. Uplink NAS Transport







115. Downlink NAS Transport







14. Downlink Unitdata







16.  Release Request















6b. Downlink Unitdata







5. Paging 







3. Send Routeing Info For Short Message 







1. EPS/IMSI attach procedure







SC







GMSC







SMS-







MME







-







SMS







HLR/HSS







MSC/VLR







eNodeB







MS/UE







4. Forward Short Message







2. Message transfer 







SMS







-












image4.emf
 

SMS  -  

2. Message transfer   

3. Send Routeing Info For Short Message   

4. Forward Short Message  

5. Paging   

6 b . Paging  

10 . Paging  

9 .  Failure   report   

7 .  Failur e   report   

MS/UE  

eNodeB   MSC/VLR   HLR/HSS  

SMS  -  

MME  

SMS -  

GMSC  

SC  

1. EPS/IMSI attach procedure  

12.  UE - Activity - Notification (IMSI, UE - Reachable)  

13.  Alert - SC  

8.  SM - DeliveryReportStatus      

6 a .  UE unreachable  

14. Retransmission of Mobile Terminated SMS as per 8.2.5  

11 . Service Request  


oleObject3.bin


14. Retransmission of Mobile Terminated SMS as per 8.2.5







13. Alert-SC







12. UE-Activity-Notification (IMSI, UE-Reachable)







8.  SM-DeliveryReportStatus















9. Failure report 







10. Paging







11. Service Request







6a. UE unreachable







7. Failure report 







5. Paging 







3. Send Routeing Info For Short Message 







1. EPS/IMSI attach procedure







SC







GMSC







SMS-







MME







-







SMS







HLR/HSS







MSC/VLR







eNodeB







MS/UE







6b. Paging







4. Forward Short Message







2. Message transfer 







SMS







-












image5.emf
 

SMS  -  

2. Message transfer   

3. Send Routeing Info For Short Message   

4. Forward Short Message  

5. Paging   

7a . Paging  

7b . Paging  

9 a . Downlink NAS Transport  

9 b . Uplink NAS Transport  

13. Delivery report   

12. Delivery report   

8. Service Request  

MS/UE  

eNodeB   MSC/VLR   HLR/HSS  

SM S  -  

1

MME  

SMS -  

GMSC  

SC  

1. EPS/IMSI attach procedure  

6 a. Service Request  

9c . Uplink Unitdata  

10. Uplink NAS Transport  

11. Uplink Unitdata  

14. Downlink Unitdata     16.  Release Request     15. Downlink NAS Transport  

6b . Downlink Unitdata  


oleObject4.bin


12. Delivery report 







6a. Service Request







8. Service Request







7b. Paging







7a. Paging







9c. Uplink Unitdata







13. Delivery report 







9b. Uplink NAS Transport







9a. Downlink NAS Transport







11. Uplink Unitdata







10. Uplink NAS Transport







115. Downlink NAS Transport







14. Downlink Unitdata







16.  Release Request















6b. Downlink Unitdata







5. Paging 







3. Send Routeing Info For Short Message 







1. EPS/IMSI attach procedure







SC







GMSC







SMS-







MME







-







SMS







HLR/HSS







MSC/VLR







eNodeB







MS/UE







4. Forward Short Message







2. Message transfer 







SMS







-












image2.emf
 

SMS  -  

2. Message transfer    

3. Send Routeing Info For Short Message   

4. Forward Short Message  

5. Paging   

6 b . Paging  

10 . Paging  

9 .  Failure   report   

7 .  Failure   report   

MS/UE  

eNodeB   MSC/VLR   HLR/HSS  

SMS  -  

MME  

SMS -  

GMSC  

SC  

1. EPS/IMSI attach procedure  

12.  UE - Activity - Notification (IMSI, UE - Reachable)  

13.  Alert - SC  

8.  SM - DeliveryReportStatus      

6 a .  UE unreachable  

14. Retransmission of Mobile Terminated SMS as per 8.2.5  

11 . Serv ice Request  


oleObject1.bin


14. Retransmission of Mobile Terminated SMS as per 8.2.5







13. Alert-SC







12. UE-Activity-Notification (IMSI, UE-Reachable)







8.  SM-DeliveryReportStatus















9. Failure report 







10. Paging







11. Service Request







6a. UE unreachable







7. Failure report 







5. Paging 







3. Send Routeing Info For Short Message 







1. EPS/IMSI attach procedure







SC







GMSC







SMS-







MME







-







SMS







HLR/HSS







MSC/VLR







eNodeB







MS/UE







6b. Paging







4. Forward Short Message







2. Message transfer 







SMS







-












image3.emf
 

SMS  -  

2. Message transfer   

3. Send Routeing Info For Short Message   

4. Forward Short Message  

5. Paging   

7a . Paging  

7b . Paging  

9 a . Downlink NAS Transport  

9 b . Uplink NAS Transport  

13. Delivery report   

12. Delivery report   

8. Service Request  

MS/UE  

eNodeB   MSC/VLR   HLR/HSS  

SM S  -  

1

MME  

SMS -  

GMSC  

SC  

1. EPS/IMSI attach procedure  

6 a. Service Request  

9c . Uplink Unitdata  

10. Uplink NAS Transport  

11. Uplink Unitdata  

14. Downlink Unitdata     16.  Release Request     15. Downlink NAS Transport  

6b . Downlink Unitdata  


