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1.
Introduction 

Stage 2 has specified the "SMS in MME" architecture. This discussion paper describes the interworking use cases for the "SMS in MME" architecture, between PMLNs supporting or not the SMS in MME architecture. It will identify when Diameter or MAP is used, when IWF are introduced. 

This discussion paper is not intended to be exhaustive as variants may be defined, but they should be  easily derived from the described use cases.

In its conclusions, it will propose the IWFs to be specified in the 3GPP specifications.  
2.
General

Figures in the following subclauses describe the interworking use cases that can occur with a PLMN supporting the "SMS in MME" architecture with Diameter and hereafter named "SMS in MME” PLMN.
PLMN not supporting SMS in MME are hereafter named MAP based PLMN. It covers PLMNs with only 2G/3G accesses as well PLMNS also supporting LTE but with a SMS over SGs architecture for SMS. 

The interworking use cases take into account:
·  if PLMN of the sender or PLMN of the receiver is "SMS in MME" or MAP based 

· the roaming cases (inbound or outbound).
It is assumed in these figures that:
· the MAP based PLMNs are not impacted by the introduction of  the "SMS in MME" PLMNs, meaning that a "SMS in MME" PLMN will ensure  the  necessary mapping between Diameter and MAP.
· A MME belonging to a "SMS in MME" based PLMN only supports  Diameter, so requiring IWFs (Diameter/ MAP)  at the network border in some use cases

· HSS and central SMS functions (SMS/IWMSC, SMS-GMSC/ SMS Router) in a "SMS in MME" PLMN are here described with dual protocol stacks, MAP and Diameter, Diameter being used insides  the "SMS in MME" PLMN or with other "SMS in MME" PLMNs, MAP being used at the interconnection points with MAP based PLMNs.  If HSS and central SMS functions are only MAP based, it would require additional IWFs to present a Diameter protocol towards MME for the E interface.

· The S6a interface enhanced for "SMS in MME" as described in 3GP TS 23.272 Annex C5 is here named S6a+.
Other assumptions may be taken for these figures. For example, the C interface "SMS in MME" PLMN may be considered only MAP based.
The SMPP interworking use case is also presented as largely used between deployed PLMNs for SMS.
3.
"SMS in MME" sending HPLMN and MAP based receiving HPLMN
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Figure 3-1: "SMS in MME" sending HPLMN and MAP based receiving HPLMN (with an inbound roamer in a "SMS in MME" VPLMN  using a MSC-VLR).
Central SMS functions and HSS/HLR in the "SMS in MME" HPLMN of the LTE sender have dual stacks (Diameter and MAP) to interface with other MAP based PLMNs.
For the visited "SMS in MME" PLMN of an inbound LTE receiver , a MAP based MSC-VLR ensures interworking with the SMS over SGs HPLMN as described in 3GPP TS 23.272 Annex C.5. 
If SMS Central functions of the "SMS in MME" HPLMN are only MAP based, it requires an IWF for the E interface between MME and SMS central functions, as the one interfacing external MAP based networks.
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Figure 3-2: "SMS in MME" sending HPLMN and MAP based receiving HPLMN (with an inbound roamer in a "SMS in MME" VPLMN  using IWFs).
It is a variant of the use case described in Figure 3-1 the visited "SMS in MME" PLMN of an inbound LTE receiver uses an  IWF between MME and HSS/HLR as described in 3GPP TS 23.272 Annex C.5 [xx ] and an IWF for the E interface between MME and SMS central functions of MAP based PLMNs.

If the HSS/HLR of the MAP based PLMN of the LTE receiver nevertheless supports S6a+ instead of S6a, it would avoid for the visited "SMS in MME" PLMN to use the IWF mapping the S6a+ interface into the S6a and MAP D interfaces.

The introduction of IWFs does not modify the Stage 2 call flows described in 3GPP TS 23.040. The IWF is translating messages from a protocol to another.

Hereafter two examples build upon the call flows figures from 3GPP TS 23.040[2] clause 10.
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Figure 3-3; Successful MT short message transfer without SMS Router.
Figure 3-3 describes the MT Short message transfer procedure without SMS router where the sending PLMN is MAP based, the receiving PLMN is "SMS in MME".
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Figure 3-4 The alert procedure when the UE becomes reachable
Figure 3-4, describes the Alert procedure for an inbound roamer in a "SMS in MME" VPLMN towards  a MAP based HPLMN through a IWF.
4.

"SMS in MME" sending HPLMN and receiving HPLMN
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Figure 4-1: "SMS in MME" sending HPLMN and receiving HPLMN.
This use case represents the interworking between "SMS in MME" PLMNs where Diameter is used on an end-to-end basis, except for roaming cases with MAP based VPLMNs.
The SMS router, in addition to its SMS functionalities, acts as an IWF between Diameter E and MAP E interfaces in the "SMS in MME" HPLMN of the LTE receiver. No standalone IWFs are identified in this interworking use case.
If SMS Central functions of a "SMS in MME" PLMN are only MAP based, it requires an IWF between MME and SMS central functions for the E interface. MAP would then be also used between "SMS in MME" PLMNs.  

This case also covers the case where the same "SMS in MME" PLMN is acting as sending and receiving HPLMNs.
5
MAP based sending HPLMN and "SMS in MME" receiving HPLMN

[image: image6.emf]“ SMS in MME ”Visited PLMN of LTE 

sender Diameter based

Inbound roamer via SGs MSC - VLR  

S6a

MME

HSS/HLR

SMS-GMSC

SMS-SC

SMS-IWMSC

SMS router

MME

HSS/HLR

SMS-GMSC

SMS-SC

SMS-IWMSC

SMS router

MSC VLR

MME

MME

MSC VLR

MME

MSC VLR

MME

HPLMN of LTE sender

MAP based  

“ SMS in MME ”HPLMN 

of LTE receiver 

Diameter  based  

Visited PLMN of LTE sender

MAP based  

“ SMS in MME ”Visited PLMN 

of a LTE receiver 

Diameter based

Visited PLMN of LTE receiver 

MAP based

D

E

E

C+ E

C

S6a+

MSC-VLR

D (CS MM, 

SMS)

SGs

MAP

Diameter

E

C

D

IWF

E

E

(

)

E

E

E

“ SMS in MME ”Visited PLMN of LTE 

sender Diameter based

Inbound roamer via SGs MSC - VLR  

S6a

MME

HSS/HLR

SMS-GMSC

SMS-SC

SMS-IWMSC

SMS-GMSC

SMS-SC

SMS-IWMSC

SMS router

MME

HSS/HLR

SMS-GMSC

SMS-SC

SMS-IWMSC

SMS-GMSC

SMS-SC

SMS-IWMSC

SMS router

MSC VLR

MME

MME

MSC VLR

MME

MSC VLR

MME

HPLMN of LTE sender

MAP based  

“ SMS in MME ”HPLMN 

of LTE receiver 

Diameter  based  

Visited PLMN of LTE sender

MAP based  

“ SMS in MME ”Visited PLMN 

of a LTE receiver 

Diameter based

Visited PLMN of LTE receiver 

MAP based

D

E

E

C+ E

C

S6a+

MSC-VLR

D (CS MM, 

SMS)

SGs

MAP

Diameter

MAP

Diameter

E

C

D

IWF

E

E

(

)

E

E

E


Figure 5-1: MAP based sending HPLMN  (with an inbound roamer in a "SMS in MME" VPLMN  using a MSC-VLR) and "SMS in MME" receiving HPLMN.
HSS/HLR in the receiving "SMS in MME" receiving HPLMN has a dual stack (Diameter and MAP) to interface with other MAP based PLMNs.
For the visited "SMS in MME" PLMN of an inbound LTE sender , a MAP based MSC-VLR ensures interworking with the SMS over SGs HPLMN as described in 3GPP TS 23.272 Annex C.5. 

The SMS router, in addition to its SMS functionalities acts as an IWF between MAP E and Diameter E interfaces in the "SMS in MME" HPLMN of the LTE receiver. If this SMS Router is not used for transiting, an IWF for the E interface is needed in the visited Diameter based PLMN of the LTE receiver.
Regarding to the C interface, the HSS acts as an IWF when relaying the Send Routing Info for SM received over MAP to the SMS Router over Diameter. The SMS Router has to generate a MAP answer towards the SMS-GMSC when receiving the SRI for SM request received over Diameter from HSS.
If SMS Router of the "SMS in MME" HPLMN is only MAP based, it also requires an IWF gateway between MME and SMS router, as the one interfacing external MAP based networks.
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Figure 5-2: MAP based sending HPLMN (with an inbound roamer in a "SMS in MME" VPLMN using IWFs) and "SMS in MME" receiving HPLMN interworking.
It is a variant of the use case described in Figure 5-1 where the visited "SMS in MME" PLMN of an inbound LTE sender uses an  IWF between MME and HSS/HLR as described in 3GPP TS 23.272 Annex C.5 [xx ] and an IWF for the E interface between MME and SMS central functions of MAP based PLMNs.

If the HSS/HLR of the MAP based PLMN of the LTE sender nevertheless supports S6a+ instead of S6a, it would avoid for the visited "SMS in MME" PLMN to use the IWF mapping the S6a+ interface into the S6a and MAP D interfaces.

The introduction of the IWFs does not modify the Stage 2 call flows as described in 3GPP TS 23.040. The IWF is translating messages from a protocol to another.

Hereafter two examples build upon the call flows figures from 3GPP TS 23 040[2] clause 10.
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Figure 5-3: Successful MT short message transfer with SMS Router. 
Figure 5-3, describes the MT Short message transfer procedure with SMS router where the sending PLMN is MAP based, the receiving PLMN is "SMS in MME".
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Figure 5-4; Successful MO short message transfer.
Figure 5-4, describes the MO Short message transfer procedure for an inbound roamer in a "SMS in MME" VPLMN towards a MAP based HPLMN through a IWF.
6
Interworking with SMPP protocol

Although SMPP protocol use for SMS interworking between PLMNs is outside 3GPP scope, it is here presented to analyse the possible impacts of the introduction of "SMS in MME" PLMNs when interworking is using SMPP protocol.

The hereafter figure gives a high level view of the architecture when PLMNs use the SMPP protocol for SMS interworking. It indicates the possible protocols SMPP or MAP that may be used on the various interfaces and it introduces the possible use of Diameter over C and E interfaces.
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Figure 8.1.5-1: Interworking with the SMPP protocol.

Hubs functional entities may, according to the use cases, behave as a virtual HLR/HSS and/or MSC-VLR and/or SMS-GSMC.

A Diameter based PLMN may use the Diameter C and E interfaces if supported  by Hubs, otherwise such a PLMN can use MAP or SMPP for interworking.

The use of MAP or Diameter for interworking may be suppressed when the SMS-SC of a PLMN directly supports SMPP. 

If Hubs do not support Diameter and SMPP is not used between SMSCs and Hubs, HSS, SMS-GMSC and SM router should use MAP; a IWF in front of MMEs for the Diameter E interface should be added if SMS router is not used for MT SMS delivery.

7
Conclusions and proposal
Through the presentation of the different use cases of interworking of Diameter based PLMNs with other PLMNs, the following conclusions may be drawn:

-
If SMS Central functions (SMS-IWMSC, SMS-GMSC, SMS Router) and HSS /HLR in a "SMS in MME" PLMN still support MAP interfaces besides the Diameter ones, the interconnection with other MAP based PLMNs networks is ensured without requiring specific IWFs. In particular, it does not see necessary to specify a IWF  for the C interface.

-
IWFs for the E interface should be introduced to interface MMEs of a "SMS in MME" PLMN with other MAP based PMNs (roaming or between sending and receiving PLMNs). It can also be used to interface MME with central SMS functions of the "SMS in MME" PLMN if they only support MAP.  
-
The introduction of a SMS Router in the "SMS in MME" HPLMN is recommended for MT SMs as, in addition to it SMS functionalities, it behaves as an IWF for some use cases.

-
The use of SMPP between SMSCs from different PLMNs limits Diameter or MAP to roaming cases.

- 
An IWF between MME and HSS may be used in roaming cases as described in TS 23.272 Annex C.5.

- 
The analysis shows the flexibility on the way to introduce Diameter based protocols for the SMS in MME that can be applied to a PLMN with 2G/3G accesses with MAP based SMS and introducing MMEs supporting SMS in MME feature in addition to SMS over SGs, as well to networks without 2G/3G accesses and deploying only the SMS in MME architecture with Diameter based protocols. 

Proposal

Regarding the definition of IWFs in TS 29.305, it is proposed to specify
· the IWF between the  MME and SMS central functions

· the IWF mapping S6a+ with MME to S6a plus D interface with HSS/HLR. 




























































