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1 Introduction

In the last SA1#49 meeting, a new work item was approved: ”Study on Alternatives to E.164 for Machine-Type Communications”,  Tdoc S1-100461 [1].  This contribution discusses some of the options we have in order to move forward the work item. The document also highlights the importance of IPv6 as a choice to lighten the address space dilemma that machine-type-communications carries with its world-wide introduction in mobile networks.
2 Background

In this document a few approaches are laid out on how to make use of the IP-based and CS network architectures for MTC systems given the current MSISDN and IMSI usage. MSISDN and IMSI usage affects both the PS and CS domains in the transfer of SMS, two methods of communication that are very likely to be used by MTC systems.

This document gives a background on the usage of identities in both PS domain and SMS transfer and then presents a framework to analyze different approaches when using IPv6 identification in MTC Devices.

Background is discussed in this section and the suggested approaches with their initial analysis are presented in the next section. The document proposes a framework for discussion on the study on alternatives to E.164 numbering schemes for Machine-Type Communications.

2.1 PS Domain

2.1.1 Mobile Terminated

In the PS domain, the current 3GPP standards support only mobile originated connections. For mobile terminated connections a static IP address is required but not yet supported. 
2.1.2 Mobile Originated

For mobile originated calls, the UE initially performs the “Attach” procedure using the IMSI.

A  P-TMSI is usually assigned to the UE and the P-TMSI is used from that point on.  
The P-TMSI is sent on “Attach Accept”.  After the attach procedure, the UE performs the “PDP context activation” procedure, where a PDP context is created and an IP address is assigned to the UE by the GGSN.
From that point on the UE can communicate using the IP address outside of the 3GPP network and the UE can use the P-TMSI, or the IMSI if P-TMSI was not assigned, for network procedures. 

Note that instead of  the “Attach” procedure the UE might perform Routing Area Update (RAU) or Tracking Area Update (TAU), in which case the P-TMSI would change.
2.2 SMS

2.2.1 Mobile Terminated SMS

Figure 1 below [ref. 2] shows the entities involved in the transmission of an SMS.
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NOTE 1:
The SMS Router is an optional entity. If it is not present, the two interfaces extending from the right side of the SMS‑GMSC extend directly to the SGSN and MSC, respectively.

NOTE 2:
Since the short message mobile terminated procedure covers the functionality required at SM‑RL for transferring TPDUs from SC to UE, the procedure described covers both short message (SMS‑DELIVER) and status report (SMS‑STATUS‑REPORT) transfer. The term "short message transfer" therefore, in this clause, covers both cases.

Figure 1: Entities Involved in the Mobile Terminated Short Message Transfer [ref. 2]
When receiving a Mobile Terminated SMS from the SMS-SC, the SMS-GMSC queries the HLR by using the MSISDN. The HLR provides the location of the SGSN/MSC and then the SMS-GMSC routes the message to the appropriate SGSN/MSC. The SGSN/MSC sends the message to the MTC device. After successful transmission, a delivery report status is sent to the HLR. This report contains the MSISDN of the MTC device to which the message was addressed.

Figure 1 below [2] shows the procedure. 

The VLR is used by the MSC to retrieve subscriber information. The VLR is not used by the SGSN. 
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NOTE 1):
This operation is not used by the SGSN.

Figure 1. Successfull SMS Transfer – Mobile Terminated Case [ref. 2]
2.2.2 Mobile Originated SMS
The entities involved in this procedure are depicted in Figure 2.
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Figure 2. Entities Involved in the Mobile Originated Short Message Transfer [ref. 2]
For Mobile Originated SMS the UE (MS) sends the message to the MSC/SGSN which transfers the message to the appropriate SMS-IWMSC.  The SMS-IWMSC sends the message to the SMS-SC, afterwards the procedure to deliver the message to the destination follows the Mobile Terminated SMS case. 
The SC is addressed from the UE by the MSISDN number in the numbering plan of the PLMN to which the SC is connected. This MSISDN number uniquely identifies the SC to that PLMN.
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NOTE 1):
Described in 44.008 and 3GPP TS 29.002 

NOTE 2):
This operation is not used by the SGSN.

Figure 3. Successful SMS Transfer – Mobile Originated Case [ref. 2]
3 Approaches

IPv4 or IPv6 may be used to diminish the significant risk that some national numbering and dialling plans will run out of numbers in the near future, especially with the wide introduction of M2M services.
A decision to initially utilize IPv4 versus IPv6 has obvious impacts in operators’ additional IPv4/6 Gateway costs to deploy M2M services. Nevertheless, a long term solution that depends on a rapid world-wide grow-curve of M2M service deployment calls to strongly consider IPv6 as the most feasible strategic long term solution.

We consider that we have basically at least four approaches in the solution space. The first one is to map IP addresses into MSISDNs and/or IMSIs to address the MTC devices.  The second one is to use IPv6 addressing in the Core Network and in the RAN.  The third option includes the release-timing factor and is a combination of options 1 and 2.  The forth option is to have a special solution affecting MTC devices only, and may include option 3 as well.
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Figure 4. IPv6 Addressing Options for Machine Type-Communications
3.1 Option 1

In this option, the IPv6 IP address will be mapped into an MSISDN address and/or an IMSI, as follows:

Option (1a) is a one-to-one mapping of IPv6 into an IMSI. This means that the device is identified by an IMSI and an IPv6 address, no MSISDN.
Option (1b) is mapping to a “Group IMSI”, which means several unique IP addresses are mapped into a number of devices that share the same IMSI; e.g. a set of subscribers in one specific location have all the same IMSI mapped into different unique IPv6 address. This means that the device is identified by the Group IMSI and the IPv6 address, no MSISDN. The IPv6 address is unique and therefore the device can be addressed individually. This option can be used to reduce the usage of IMSIs.
Option (1c) is a one-to-one mapping of IPv6 IP address into an MSISDN. This means that the device is identified by an MSISDN, an IMSI and an IPv6 address. This solution is similar to what we have in the system today for PS domain.
Option (1d)  is a mapping of unique IPv6 addresses into a number of devices with the same MSISDNs; e.g., all devices that belong to a subscriber or to a “MTC group” as defined in [ref. 3] have the same MSISDN and all mapped into different unique IPv6 addresses. In other words, the device is identified by an IMSI, a Group MSISDN and an IPv6 address. The IPv6 address is unique and therefore the device can be addressed individually. This option reduces the number of used MSISDNs.
Option (1e) is the mapping of an IPv6 address into a combination of IMSI and MSISDN. 
Option (1f) is a mapping of an IPv6 address into a group of [IMSI & MSISDN].
Option (1g) uses an “extended IMSI,” which would be an IMSI defined with more digits than the current IMSI in order to support the required number of subscribers. This option would guarantee that there are enough IMSIs available in order to support all devices that will be needed by M2M services. This means that the device is identified by the “extended IMSI,” an IPv6 address, and optionally an MSISDN.
Finally, option (1h) introduces a new identity, “MTC Device Id”, only used by MTC devices and this address may be mapped into the IPv6 address. This means that the device is identified by an IMSI, a MTC Device ID, an IPv6 address, and optionally an MSISDN.
3.2 Option 2

In this option, IPv6 is used exclusively throughout the network.  The usage of MSISDN and/or IMSI is not valid anymore and the device is recognized as per its IPv6 address throughout the Core Network and Radio Access Network.
3.3 Option 3

In this option, Option 1 is applicable for devices up to Release 10 and Option 2 is applicable to devices from Release 11 upward. 

3.4 Option 4

In this option, we propose a special solution for MTC devices only (Options 1 or 2 or 3 for MTC devices only).  The MTC device would identify itself to both, the RAN and the CN as an MTC device and would therefore be treated differently; i.e. it would use IPv6 addressing option 1 or 2 or 3. Current UEs; i.e., not MTC devices, would remain with the same usage of IMSI, MSISDN, and IP address allocation.  Current UEs could use either IPv6 or IPv4 addresses.
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