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1. General

EMM protocol between the UE and the MME entity in the network needs to be defined as part of the CT1 SAE work. Once the Protocol Discriminator to be used has been decided, the protocol element (message, information element, field) structure and the handling of unforeseen and erroneous data need to be defined.
2. EMM Protocol Discriminator
2.1 Single mode implementations
It must be possible to implement both a single mode EPS UE and single mode EPS network based on Rel-8 specifications. Rel-8 specifications must also allow single mode 2G and 3G implementation. 

Defining the requirements for the implementations of each technology is not only a technical matter but also a readability issue, in structuring the specifications in such way that each design component has got their own specifications.

2.2 Intra-3GPP interoperability

Both UE active mode handovers and UE idle mode re-selections between EPS and 2G/3G must be considered because the CN mobility protocol termination point changes between UE – MME and UE – SGSN when changing between the systems.
SGSN is the GMM protocol termination point for GPRS whereas the EMM protocol terminates in MME, which can be implemented in a different physical network element. As a consequence any ongoing GMM or EMM procedure needs to be aborted if a handover takes place.
Handovers and cell re-selections take place between 2G or 3G and E-UTRAN, so the radio resource layers are different.

2.3 Common status information

RPLMN: Once the PLMN has been selected at switch-on, the UE registers to it and after successful registration that PLMN becomes the registered PLMN which is common for all protocols. The UE has got only one RPLMN at any time. This RPLMN is already common for CS MM and PS GMM.
Update status: indicates whether the UE is successfully updated to the RPLMN. It can already happen that the update status of CS MM and PS MM differ, and it’s foreseen that also EMM would have its own update status.
2.4 Common identifiers
Identities:

IMEI(SV): IMEI is the identifier of the ME and up to now even a multi-mode, multi-radio ME has got just one IMEI

IMSI: IMSI is the subscriber identity and in normal case there is just one USIM in each UE and thus just one IMSI

TMSI: Used for identification in 2G/3G networks. 
P-TMSI: Used for identification in 2G/3G networks.
P-TMSI signature: Related with P-TMSI and used together with it in 2G/3G networks.
TLLI: Temporary Logical Link Identity for LLC use, only in 2G GPRS.
M-TMSI: Temporary mobile identity assigned by MME. Used in SAE networks.
S-TMSI: Mobile paging identity comprising MME code + M-TMSI. Used in SAE networks.
GUTI: Globally Unique Temporary Identifier that uniquely identifies the MME. Used in SAE networks.

GUMMEI: Globally Unique MME Identifier, constructed from MCC, MNC and MME Identifier (MMEI). Used in SAE neworks.

The structure of the 2G and 3G common identities (IMEI, IMSI, TMSI, P-TMSI, P-TMSI signature, TLLI) is already defined outside of the MM and GMM protocol specifications in a common identifier definition document 3GPP TS 23.003. It is foreseen that also the identities needed by EMM protocol can be defined there.
2.5 Re-usable protocol elements

When drafting new specifications the duplication of material should be minimised, or eliminated completely. It is foreseen that EMM procedures would have similarities with the already existing MM and GMM protocol procedures, PDUs and IEs. Let’s consider a possible re-use of the existing MM and GMM protocol elements.
Signaling procedures:
Attach is a common procedure needed by MM, GMM and EMM. The most promising template would be GMM attach procedure. However, the assignment of default bearer makes the requirements sufficiently different to justify EMM to use it’s own attachment procedure.
Detach procedures are already different for MM and GMM. Outside of the PDU header data the GPRS detach and IMSI detach don’t share any common information elements. Even the identities are coded differently, due to the different identities being used. 
Authentication procedure seems a possible candidate for re-use if we can assume sharing of common algorithms and keys with 3G GPRS. 

Routing Area Update of GMM does not seem applicable as such for EMM since the concept of Tracking Area Update has been substantially enhanced by signalling reduction via TA list.
Identity request procedure is already common for MM and GMM and could possibly be re-used by EMM. Possible backwards compatibility problem in having to re-use a “reserved” value in mandatory IE of the PDU.
The need to optimise EMM Service Request procedure is foreseen.
PDUs

ATTACH REQUEST: DRX parameter, P-TMSI, Old RA information, MS RAC are related with legacy GPRS and mandatory in the message. 
DETACH REQUEST: It is mandatory for the UE to include the P-TMSI.

P-TMSI REALLOCATION: TAI is defined to combine corresponding components to RAI, i.e. MCC + MNC + TAC. It might be possible to encode the TAI in the same space as RAI. But the GMM RAI IE is defined to always contain MCC + MNC + LAC + RAC already. A single mode EPS UE or any EPS UE in single-mode EPS network would not have any RAC to indicate. P-TMSI is encoded as mobile identity. Unused code points for identity type do exist in mobile identity IE, but all unused values are defined as “reserved”. Both IEs are mandatory in the PDU.
IDENTITY REQUEST: Unused code points for identity type do exist in mobile identity IE, but all unused values are defined as “reserved”. The IE is mandatory in the PDU.

AUTHENTICATION AND CIPHERING REQUEST: Assuming the use of common algorithm and keys with 3G GPRS, the authentication procedure might be re-used. The network could request for 3G AKA, and even if mobile identity is requested, it can be only IMEISV, so no new “reserved” values in the identity type would be needed.

SERVICE REQUEST: P-TMSI is mandatory in the message and it is encoded as mobile identity. Unused code points for identity type do exist in mobile identity IE, but all unused values are defined as “reserved”. Furthermore there is semantic rule for always including the PDP context status and conditional rule to include MBMS context status if the UE has got any active MBMS contexts. The encoding can be enhanced following the existing protocol extension rules, but the presence requirements of certain IEs are contradictory between GMM and EMM.
In case where the initial request that starts the procedure is seen not usable, the subsequent response messages aren’t considered in this document.

IEs

Re-using existing IEs in new PDUs should not create any compatibility problems but if an existing IE needs to be extended, it must be done according to the protocol extension rules defined in 3GPP TS 24.007 and clause 8 of 3GPP TS 24.008. It has been found out in the past that some implementations failed to fully comply with the protocol extension requirements.

2.6 Protocol Discriminator values

Protocol Discriminator values are defined in subclause 11.2.3.1.1 of 3GPP TS 24.007. In one half-octet PD field currently 14 out of 16 values have been defined. Using the last code point in any field should always be done carefully, to avoid blocking possible future extension. This is even more important in the case of identifier as critical as PD. 

Actually only 12 different protocols are identified as two of the currently defined code points are placeholders. Code point ‘1110’ is reserved for an extension mechanism, so that running out of space in this half octet cannot block progress. Furthermore,  code point ‘0010’ is reserved for a protocol that used to exist in earlier releases but isn’t part of the specifications any more. Code point ‘0010’ was allocated in GSM phase 2 for PDSS1, packet data on signaling channels, a protocol that never existed.
Therefore the existing PD coding scheme does allow the introduction of a new PD, with either ‘0111’ or ‘1101’ as the easiest choices. 

As a side effect it should be considered, whether Rel-8 would be an appropriate time to re-consider the meaning of code point ‘0010’. Even if two PD code points still remain available, it might be possible to free one more for possible later use but changing the meaning of code point ‘0010’ from the current “Reserved: was allocated in earlier phases of the protocol” to “Free code point: not used in revision level R99 or later”. 
2.7 The size of 3GPP TS 24.008

The latest Rel-8 version of 3GPP TS 24.008 is more than 14 megabytes. That is a large file, but the file size should not be taken into account in the decision on EMM protocol discriminator.

3. EMM message encoding

3.1 Existing specifications in 3GPP TS 24.007 and 24.008 clause 8
The protocol message structure for 3GPP L3 CN protocols has been defined in 3GPP TS 24.008. Further processing rules have been defined in clause 8 of 3GPP TS 24.008.

3.2 Tradition

The PDU and IE encoding rules that are defined in 3GPP TS 24.007 and 24.008 have already been implemented by all vendors. A strong tradition of common rules for each protocol does exist and it is possible to make protocol specific exceptions where necessary.
Over the years it has been already proven that even though not a formal protocol description language, these protocol extension mechanisms allow the addition of new L3 protocols, new signalling procedures to existing protocols, new messages, new information elements to existing messages, new fields to existing information elements and even new values to existing fields in the information elements.

For most human readers the message descriptions are easier to read than formal description language.
Currently the L3 message structure defined in 3GPP TS 24.007 is shared by 12 protocols. The practice of using the same coding and error handling rules is wider than just TSG CT, since also TSG GERAN uses the same coding rules for some protocols under their responsibility.

The current L3 message structure has already been implemented and therefore the message handling rules can to some degree be shared if EMM re-uses the existing PDU encoding mechanism.

3.3 Formal message descriptions
Formal notation mechanisms for defining message structures of a protocol do exist, and some 3GPP protocols use them. The advantage of fully formalised message encoding is that some of them aid the automatic generation of code and test cases. 

Rigorous formal message descriptions could help to automate the message encoding and decoding part of the protocol implementation. Typically converting the message octets into data fields and values and vice versa is a minor part of the whole protocol implementation, with the protocol logic to process all that information being the major part.
The way how the L3 messages are specified via PDU structure definitions in 3GPP TS 24.007 does not allow automatic code generation. However, it is sufficiently formal to allow implementation of automated message encoder and decoder to handle the PDUs instead of writing dedicated code for each message type. 
4. Proposal

It is proposed that at the minimum CT1 should decide based on the above criteria whether EMM should use a new Protocol Discriminator or share the one that is currently allocated for GMM.

It is further proposed, that the above considerations give sufficient grounds for the following working assumptions:
1. New protocol discriminator is allocated for EMM

2. EMM re-uses the 3GPP TS 24.007 common protocol element structure

3. EMM re-uses the 3GPP TS 24.007 and 24.008 clause 8 handling of erroneous and unforeseen data

4. A new TS is started for EMM specification (with the understanding that interoperability requirements affecting GMM will need to go into 3GPP TS 24.008)

If a decision can be made in CT1 #51 the originators recommend that the technical substance of this contribution should be added into 3GPP TR 24.801 to store it there as justification for the decisions (and volunteer to draft a formal CR on 3GPP TR 24.801 to do it). 
