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Introduction

CR 23.272 #0947 (S2-152621) specifies the stage 2 solution to deliver MT Short Messages to UEs using extended idle mode DRX. The corresponding stage 3 requirements were specified and agreed in C4-151804 during the CT4#70bis meeting.

This DISC paper raises additional considerations and suggest some additional changes for the solution to work efficiently.
Discussion

The solution specified in stage 2 and the stage 3 CR agreed in CT4#70bis relies on the following call flow and principles (showing the example of a direct MT SM delivery from the SMS-GMSC to the MME):
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Figure 1 – SM retransmission triggered by NOR – current solution
1-2
The SMS-GMSC a Send-Routing-Info-for-SM-Request (SRR) command to the HSS to retrieve the address of the nodes serving the UE.

3
The SMS-GMSC sends an MT-Forward-Short-Message-Request (TFR) to the serving MME.

4.
The MME rejects the TFR immediately if it knows that the UE is in extended idle mode DRX and not reachable shortly (e.g. within the next 10 seconds or within the time frame indicated by the SM-Delivery-Timer/SM-Delivery-Start-Time if received within the TFR) and the MME sets the MNRF flag. The MME also pages the UE.

NOTE: 
The SM-Delivery-Timer / SM-Delivery-Start-Time parameters were introduced originally by CR 29.002 #0957, for prevention of timeout in the IP-SM-GW. Per TS 29.002, the SMS-GMSC sets these parameters when delivering an MT SM via an IP-SM-GW and the SRA includes the IP-SM-GW-Guidance IE (with the minimum Delivery Time Value and the recommended Delivery Time value). If so, the SM Delivery Timer Value in the TFR indicates the supervision timer value used by the SMS-GMSC. 
See http://www.3gpp.org/ftp/tsg_CT/TSG_CT/TSGC_49_San_Antonio/Docs/CP-100468.zip


5-6.
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.

7.
When the UE responds to the paging request, a signalling connection is established between the UE and the MME, and the MME maintains this signalling connection for a duration it believes is sufficienty long to let time to the SMS-GMSC to retransmit the MT SM.

8-9
The MME sends a Notify-Request (NOR) to the HSS to signal that the UE has become reachable.

10-11
The HSS sends an Alert-Service-Center-Request (ALR) to the Service Center to trigger the retransmission of the MT SM.

12-14
The SC and SMS-GMSC retransmits the MT SM, after an additional SRR query to the HSS. 

The solution presents the following merits:
a. The SM retransmission is triggered only when UE is really known to be reachable. 

b. The SM retransmission succeeds if the eDRX period has been renegotiated in-between (e.g. due to UE moving to a different MME/SGSN, or due to UE establishing a new PDN connection)

c. Minimal (or no) impacts on SMS-GMSC

d. The MNRF flag is set in HSS. So subsequent MT SMs to the same UE do not trigger new TFR commands to the MME until the UE is reported to be reachable to the HSS.
The solution has however the following potential issues: 
e. Every MT SM for UEs in eDRX (with an eDRX period > about 10s or within the time frame indicated by the SM-Delivery-Timer/SM-Delivery-Start-Time if received within the TFR) 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.

f. There is a potential risk of messages being received un-synchronized at the HSS, i.e. that with short time periods between the TFA and NOR messages (e.g. short eDRX period s of 5, 10 or 20s), the SMS-GMSC sends the RDR to the HSS after the HSS receives the NOR from the MME. E.g. if the SMS-GMSC gets both an MME and SGSN addresses in the SRA, the SMS-GMSC can send a TFR to the SGSN after getting the TFA from the MME, before sending the RDR to the HSS. 

If the NOR arrives at the HSS before the RDR 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 MME, resulting in all subsequent MT SMs to not be sent to the MME.
g. 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).
h. 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). 

The following proposals are suggested to mitigate these potential issues.

Prop1: To avoid the risk of messages being not synchronized at the HSS, it is proposed to add a note in the stage 3 CR reflecting that the above mechanism is not intended for UEs which are known to wake up shortly (e.g. within the next 10 seconds) as enough time needs to elapse, between the sending of the TFA and the subsequent NOR towards the HSS, for the RDR to be sent beforehand from the SMS-GMSC to the HSS. The MME/SGSN should delay the sending of NOR if needed to guarantee synchronized reception of RDR and NOR at the HSS (e.g. if the UE originates signalling shortly after the sending of TFA). 
Prop2:  Additionally, it is also proposed to include the 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 would allow MME/SGSN to send the SM to the UE without any SM retransmission, i.e. avoid triggering the above solution, 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), and thus solve the messages synchronization issue at the HSS. 
Prop3: It is proposed to include a new Maximum-UE-Availability-Time in the NOR and ALR messages, indicating the time window until when the MME/SGSN intends to maintain the signalling connection with the UE after the paging response (e.g. 30 seconds). This would let the SC know that it should prioritize the retransmission of SMs sent to UEs in eDRX. Note that since the MME and HSS resets their MNRF flag when exchanging the NOR message, even if the SC cannot retransmit the SM in the indicated time window, the SC (and SMS-GMSC) needs to resend a TFR to the MME/SGSN to re-arm the MNRF flag. 
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Figure 1' – SM retransmission triggered by NOR – with enhancements
While it is fine in principle to rely on this solution for eDRX periods which are quite long (e.g. > 10 minutes), it can become a concern to cause signalling overhead at the HSS for shorter eDRX periods (e.g. < 10 minutes). With shorter eDRX periods, the risks that the UE becomes unreachable (e.g. detaches or renegotiates its eDRX period) at its next expected paging time, or that unnecessary TFRs are sent to the MME for other MT SMs, remains minimal. 

Prop4: It is proposed to define the following optional solution:
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Figure 2 – SM retransmission at the Retransmission Time returned in the TFA

1-2
Same as in Figure 1

3
The SMS-GMSC indicates in the TFR whether it supports this optional procedure by including a new Max Retransmission Time AVP (e.g. 5 to 10 minutes), which indicates for how long the SMS-GMSC is ready to store the SM if it cannot be delivered at once.

4
The MME fallbacks to the solution of Figure 1 if the TFR does not include the Max Retransmission Time AVP.
Otherwise, if the UE is 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
The MME does NOT send a NOR to the HSS since the MNRF flag was not set.

6
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 fallback to the default solution if the UE is not reachable at the time that was indicated to the SMS-GMSC.
This option presents the following merits:

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).
The solution has the following drawbacks: 

a. SM retransmission is triggered w/o knowing for sure whether the UE is really reachable (e.g. the UE may have detached, may be in a tunnel, eDRX period may have been renegotiated …)
b. Some more impacts on SMS-GMSC (extended buffering’ of MT-SM e.g. for up to 5-10 min)

c. The MNRF flag is NOT set in the HSS, so subsequent MT SM to the same UE from a different SMS-GMSC will trigger new MT Forward SM Request to MME for UEs which are unreachable.

d. Introduces a 2nd method to deliver MT SMS for UEs using extended idle mode DRX.
The first solution (Figure 1') would be the default (mandatory) solution to support, and the fallback solution when the 2nd optional solution (Figure 2) cannot be used. The first solution is more intended for cases where the UE is expected not to respond to paging e.g. within the next 10 min, while the second solution would be more intended for UEs expected to respond e.g. within the next 10 min.
The issues and proposals discussed above apply whatever the solution used to deliver the SMS: 

· SM delivery via the MME, i.e. with the SMS-GMSC sending the SM directly to the MME

· SM delivery via the PS network (SGSN), i.e. with the SMS-GMSC sending the SM directly to the SGSN

· SM delivery via SGs, i.e.with the SMS-GMSC sending the SM to the MSC/VLR and the MSC/VLR sending the SM to the MME via SGs
· SM delivery via an IP-SM-GW 

· SM delivery via an SMS-Router
Figures 3 and 4 show the corresponding call flows for SMS delivery via SGs:
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Figure 3 – SMS over SGs: SM retransmission triggered by NOR – with enhancements
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Figure 4 – SMS over SGs: SM retransmission at the Retransmission Time returned in the TFA

Note: Figures 3 and 4 are represented with the same (Diameter) messages as in the other figures. It is intended though to refer here to the corresponding MAP messages (Diameter not supported by MSC/VLR).

Conclusions

CT4 is invited to discuss the potential issues raised above and suggested proposals: 
Prop1: It is proposed to add a note in the stage 3 CR reflecting that the mechanism currently specified is not intended for UEs which are known to wake up shortly (e.g. within the next 10 seconds or within the time frame indicated by the SM-Delivery-Timer/SM-Delivery-Start-Time).

Prop2:  It is proposed to include the SM-Delivery-Timer/SM-Delivery-Start-Time IEs in in the TFR to let the MME/SGSN know until when it can send the TFA (e.g. 30s), regardless of whether the MT SM transmission involves an IP-SM-GW or not. 

Prop3: It is proposed to include a new Maximum-UE-Availability-Time in the NOR and ALR messages, indicating the time window until when the MME/SGSN intends to maintain the signalling connection with the UE after the paging response (e.g. 30 seconds). 
Prop4: It is proposed to define an additional optional solution where the SM retransmission is triggered by the SMS-GMSC at the time indicated by the MME in the TFA message.

Prop5: It is proposed to recommend delaying sending of NOR if needed to guarantee that NOR is received at the HSS after RDR.
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