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1
Introduction

At the last SA plenary, SA #44, a discussion paper on SMS over LTE in SP-090429 (available from ftp://ftp.3gpp.org/TSG_SA/TSG_SA/TSGS_44/docs/SP-090429.zip) was presented. This discussion paper expands upon the "Native SMS over LTE" proposal from Annex A of SP-090429, to provide more in‑depth technical details.
Inter-operator discussion is still ongoing on the SMS over LTE topic, but as yet is not concluded. This paper therefore is not expected to be formally presented at this meeting, however, all feedback is welcome.
2
Detail
The “Native SMS over LTE” solution is very similar to the “SMS over the SGSN” mechanisms that have existed since Rel-97. It is a simple, lightweight solution that the industry could adopt as a unified roaming solution. In addition, it caters well for future M2M applications and for emerging market ‘handset’ use.

Although many operators currently use the CS domain rather than the PS domain to handle SMS, this situation might change abruptly (e.g. see GP-081281).
2.1
Mobile Originated

The MO case for “Native SMS over LTE” is a fairly straight forward one, as the UE is constantly aware of which radio access it is currently using. No changes to the existing 2G/3G SGSN/MSC mechanisms for SMS are planned, so, the scenarios to consider are:
1)
UE registered on a standalone MME

2)
UE registered on a combined MME/SGSN

The following flows and accompanying text depict the MO SM delivery procedure for an LTE subscriber for the aforementioned scenarios.
2.1.1
UE registered on standalone MME scenario
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Figure 1: MO SM delivery over LTE message flow – standalone MME
NOTE:
In commercial implementations, SMS-IWMSC and SMS-SC are always implemented in a single node.

Step 1: UE sends the MO SM to the MME using standard encapsulation according to 3GPP TS 24.011, but uses LTE NAS signalling.

Step 2: The MME forwards the MO SM to a Diameter-MAP InterWorking Function (details to be specified in 3GPP TS 29.305).
Step 3-5: The IWF converts the received Diameter messaging from the MME to equivalent MAP messaging. Processing in the SMS-IWMSC/SMS-SC continues as already specified in 3GPP TS 23.040 and 3GPP TS 29.002 for MO SMS.
Step 6: The IWF converts the received MAP messaging to equivalent Diameter messaging and sends this to the MME.
Step 7: The MME sends the response for the MO SM using standard encapsulation according to 3GPP TS 24.011, but uses LTE NAS signalling.
2.1.2
UE registered on combined SGSN/MME scenario
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Figure 2: MO SM delivery over LTE message flow – combined SGSN/MME
NOTE:
In commercial implementations, SMS-IWMSC and SMS-SC are always implemented in a single node.

Step 1: UE sends the MO SM to the MME (which is also an SGSN) using standard encapsulation according to 3GPP TS 24.011, but uses LTE NAS signalling.

Steps 2-4: The combined MME/SGSN, since it already supports MAP, uses the processing as already specified in 3GPP TS 23.040 and 3GPP TS 29.002 for MO SMS.
Step 5: The MME sends the response for the MO SM using standard encapsulation according to 3GPP TS 24.011, but uses LTE NAS signalling.

2.1.3
Analysis

2.1.3.1
Interfaces
For the delivery of the SM from the UE to the MME, if "SMS over SGs" is retained then the existing LTE NAS signalling in 3GPP TS 24.301 will need to be enhanced. However, if this "native SMS" solution replaces “SMS over SGs”, then the UL/DL NAS Transport (3GPP TS 24.301, sections 5.6.3, 8.2.12 and 8.2.30) messages can be reused.
Also, a new interface and protocol (based on Diameter) between the MME and the IWF needs to be specified, probably by CT4 in the same way that they have done already for Insert Subscriber Data, etc. As an optional enhancement, the SMS‑IWMSC could be enhanced to support this new Diameter based protocol, which would thus remove the need for the IWF. However, this functionality is needed only in the separate MME case, because in the combined MME/SGSN case, the SGSN functionality (and thus MAP) is used to deliver the MO SM.
Another option could be for the standalone MME to support MAP solely for SMS.

2.1.3.1
Fallback to SGSN or MSC

It is possible for the UE to fallback to either the SGSN or even the MSC (if it is a CS capable device), when it has an MO SM to deliver. This is not a very elegant solution, as falling back to an SGSN or MSC will interrupt any ongoing data sessions and lower the data-rate (quite significantly if falling back to 2G) for the ongoing session, which could cause some applications, e.g. voice/video, to cease working altogether.  Concatenated SMs or transmission of the multiple SMs (e.g. same SM being sent to multiple recipients) may also lead to ‘multiple fallbacks’.
2.2
Mobile Terminated
The MT case is not as straight forward as the MO case, mainly because TS 23.401 and TS 23.060 have the “dual registration concept” which allows the UE to move between MME and SGSN without the SGSN or MME informing the HSS.
Additionally, a visited operator may have either a combined or split MME and SGSN, and both cases are looked at in more detail below. However, there is commonality between them, especially for the Send Routing Info operation.
It should be noted that due to a recent set of CRs approved in CT for Rel‑8 and onwards (agreed at CT #44 in CP‑090378, CP‑090379, CP‑090380), the HSS is aware of when a UE is attached to a standalone MME or combined MME and SGSN.
2.2.1
Separate MME and SGSN scenario
The following flow and accompanying text depicts the MT SM delivery procedure for an LTE subscriber. Due to the design of LTE, specifically the dual-registration in the HSS concept, the HSS will not know for sure whether the UE is currently in E‑UTRAN or GERAN/UTRAN coverage. Therefore, both cases are taken into account in the flow.

[image: image3.png]SMs-SC SMS-GMSC Hss SMS

Chse when UE is resicing
o E-UTRAN access

Chse when UE is resicing

‘GERAN or UTRAN access|

e

1. Short Message ACK
(3GPP TS 23.040)

2 MAP_SRI_fOR SM
(3GPP TSZ0.002)

f——>
3. MAP_SRI_FDR_SM
(3GFP TS24 002)

4 MAP_SRL_FOR_SM_ack
(3GPP T529.002)

]
5 MAP_MT Forward_Short_Message|
(3GPP T 29.002]

N
2. MAP_T_Forward_Short_Messdpe

Routor SGSN MME UE
[N
T Shor Message
s
(3GPP TS 23.040)

(66PP TS 29.002)
N
b, Diameter [MT._Forward_Shit_Message]
@GFPTS zamr
e
7a. Shor Message
8. Diameter [MT_Forward_Shit_Messagel @GP TS 24011)

|
‘9 MAP_MT_Forward_Short Messige
Negative Responss (Abson Subs|

|
"8b. MAP_MT_Forward_Short Messige (sGPH{Ts 20011)

ACK
(3GPP TS 20272)

(3GPP TS 23.002)

—
75, Snbrt Message

ACK
(3GPP TS 23.002)

(36PP TS 29.002)

9 Diameter [MT_Forward_Shit Message)

Negaive Response (Abssf Subs)
(3GPP TS 23.272)





Figure 3: MT SM delivery over LTE/SAE message flow – separate MME and SGSN

NOTE:
In commercial implementations, SMS-GMSC and SMS-SC are always implemented in a single node.
Steps 1 – 5: These steps are standard procedure according to Rel-7 and onwards version of 3GPP TS 23.240, with the exception that in step 3, the HSS returns the address of the currently serving MME, along with the usual MSC and SGSN addresses.

Steps 6a & 6b: The SMS Router attempts to send the SM to the UE by attempting delivery via both the SGSN and the MME in parallel. If the UE is on GERAN or UTRAN access, it will receive the SM from the SGSN; if it is on E‑UTRAN access it will receive the SM from the MME. Both messages are sent out by the SMS Router in parallel in order to be as efficient in delivery time as possible (thus avoiding a protocol time out at the SMS‑GMSC). Since the UE will only be camped on one of the MME and SGSN and never both at the same time, this results in the following:

-
Steps 7a, 8a & 9a: When the UE is on E-UTRAN access, the SGSN will not receive a paging response and so will set its local message waiting flag and respond with an error indicating that the subscriber is not currently available ("Absent Subscriber"). The MME, however, will deliver the SM and respond with a positive acknowledgement.

-
Steps 7b, 8b & 9b: When the UE is on GERAN or UTRAN access, the MME will not receive a paging response and so will set its local UE availability flag (see NOTE 2) and respond with an error indicating that the subscriber is not currently available ("Absent Subscriber"). The SGSN, however, will deliver the SM and respond with a positive acknowledgement.

NOTE 1:
If the UE is unreachable for some reason, then both the MME and SGSN will set their local message waiting flags and respond with an error of "Absent Subscriber". 
NOTE 2:
The MME sets the URRP flag, which is defined in 3GPP TS 23.401, section 5.3.11.

NOTE 3:
Messages 9a and 9b may be received after the SMS Router has sent message 10.

Steps 10 & 11: These steps are standard procedure according to Rel-7 and onwards version of 3GPP TS 23.040 for a successful MT SM delivery.

If the UE was determined to be unreachable in steps 7-9, and an MSC address was received from the HLR in step 3, then the SMS Router could apply some intelligence and analyse the current VPLMN to determine if it has 2G capability (i.e. is not a 3G only VPLMN). If the VPLMN does have 2G capability then it could be that the SM delivery failed due to the UE being on a CS call (and the network or UE not supporting DTM) and the UE thus missed the paging from the SGSN. Therefore, in this case the SMS Router attempts delivery via the MSC.
2.2.2
Combined MME/SGSN scenario
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Figure 4: MT SM delivery over LTE/SAE message flow – combined MME/SGSN
NOTE:
In commercial implementations, SMS-GMSC and SMS-SC are always implemented in a single node.
Steps 1 – 5: Same as steps 1 – 5 in the separate MME and SGSN scenario, described in clause 2.2.1 above.
Steps 6 – 8: The SMS Router attempts to send the SM to the UE by attempting delivery via the combined SGSN/MME. If the UE is not in ECM-Connected/PMM-connected/GPRS-Ready state, the combined SGSN/MME pages on S1, Iu-ps and Gb interfaces; the UE responds on the cell that it is camped and the SM is delivered. If the UE is in ECM-Connected or PMM-Connected or GPRS-Ready state, the SM is delivered directly across that connection.
Steps 9 & 10: Same as steps 10 and 11 in the separate MME and SGSN scenario, described in clause 2.2.1 above.
If the UE was determined to be unreachable in step 8, then the same logic as defined in section 2.2.1 for delivery via the MSC also applies here.
2.2.3
Analysis

2.2.3.1
Interfaces
For the delivery of the SM from the MME to the UE, the same LTE NAS signalling requirements noted in section 2.1.3.1 above apply here also.

In addition, the existing interface between the SMS Router and HSS will need to be enhanced to enable the HSS to return an MME address to the SMS Router (currently only an MSC and SGSN address can be conveyed), and also the indication of when the SGSN and MME are a combined node.

A new interface and protocol (based on Diameter) between the MME and the SMS Router needs to be specified, probably by CT4 in the same way that they have done already for Insert Subscriber Data, etc. Use of an Interworking Function (IWF), although not shown above, is possible. NOTE that if the SMS Router has IP‑SM‑GW functionality it will already have a Diameter protocol stack.
2.2.3.2
Address returned to the SMS-GMSC by the SMS Router in SRI-For-SM

As specified in Rel-7 3GPP TS 23.040, an SMS Router always returns its own address in the SRI-For-SM, with either an MSC identifier or SGSN identifier, depending on which node the UE is available on. It may include this address twice, one with an MSC identifier and one with an SGSN identifier, when the UE is available on both the MSC and SGSN. However, the order in which they are attempted by the SMS-GMSC cannot be guaranteed.
According to R’97 GSM 03.40 and R’99 onwards 3GPP TS 23.040, an SMS-GMSC prefers SM delivery via an SGSN over an MSC. However, SMS‑GMSC vendors (or SMS-SC vendors, in practice) are also empowered to take operator preference; that is, the preference of the operator who owns the SMS‑GMSC, NOT the recipient’s home operator's preference! Therefore, it cannot be relied upon in what order an SMS‑SC will attempt delivery of the two addresses returned to it. Furthermore, the SMS-GMSC may not support delivery to two addresses and thus, if delivery via one domain fails, another will not be tried.
Therefore, in order to enforce which nodes are attempted and in what order, the SMS Router is enhanced (and TS 23.040 would be updated) to return only one address (with either an MSC identifier or SGSN identifier) and the SMS Router is then responsible for the delivery via the nodes according to the above procedures. This is similar to how the IP‑SM‑GW is already specified, so this functionality could be reused (particularly with regards to message waiting flag setting in the HSS).
2.2.3.3
Delivery without an SMS Router

NOTE: This is the NON-preferred case, and is not expected to solve all situations.
In the absence of an SMS Router, support of MT SMS over LTE could be realised by enhancing the SMS‑SC/SMS-GMSC to support the SMS Router logic and protocols as described above. This could be a viable option for on-net MT SMS delivery.
In the absence of an SMS Router or an enhanced SMS‑SC/SMS-GMSC, then the HSS could be enhanced as follows:
-
If the MME and SGSN are combined, then the HSS returns the addresses of both MSC and MME/SGSN, placing the MME/SGSN first in the message (to hint to the SMS-SC/SMS-GMSC that this is the node to try first)

-
If the MME and SGSN are not combined, then the HSS returns the addresses of MME’s IWF and SGSN but not the MSC address. The SMS-SC/SMS-GMSC will believe that one of the addresses is that of an MSC, and the other, an SGSN. The SMS-SC/SMS-GMSC should then attempt delivery of the SM via both addresses in series, and, delivery should be successful unless the UE is in a voice call on 2G.
2.2.3.4
Support of SMS via IMS

SMS via IMS is enabled by use of an IP-SM-GW. Since the IP-SM-GW is specified to be based upon SMS Router functionality, then the same ethos should apply going forwards. That is, an IP-SM-GW should be able to attempt delivery via IMS, and if this fails or is not possible (e.g. absent subscriber), then delivery by one or more legacy methods follows (where "legacy methods" is via MSC, SGSN and MME).
2.2.3.5
Further optimisations for consideration

Additional logic in the SMS Router (subject to MAP_SRI_For_SM enhancements) could be used to optimise the delivery procedures chosen and in what order. When the subscriber is known to be residing on a separate MME and SGSN, and the MME is in a different network to the SGSN, then only the node with the most recent update is chosen. This avoids choosing a node/PLMN where the subscriber has moved away from. In choosing the SGSN, the MSC could then also be used.
3
Conclusion

From the discussion and analysis above, it can be seen that there are impacts on the LTE system in order to support natively SMS. From an architectural point of view, the changes are minor (adding the MME into relevant SMS stage 2 specifications, and adding SMS into relevant LTE stage 2 specifications). The main impacts are on the protocol (stage 3), although most of the enhancements required would be only changes to existing specifications in order to make them apply to LTE or to make them apply for SMS.
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