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Abstract of the contribution: This discussion paper is describing global solutions for A1 and A2 problems for networks that do not support MSB=0/1 rule assuming explicit signalling-based solution for problem A2 from Rel-10 onwards. A way forward is proposed for Rel-10 networks and UEs, and optionally for Rel-9 UEs. Fixes for Rel-8 and Rel-9 networks are also described and proposed text for 23.003 is proposed.
1. Discussion
1.1 Requirements

· It is assumed that all the EPC nodes in a seamless network area are upgraded with the proposed solution;

· An upgraded UE shall be able to "roam" (i.e. between networks of different seamless mobility network areas) into a MSB=0/1 network without any network modification, and to move seamlessly within the MSB=0/1 seamless mobility network area.
· A legacy UE shall be able to "roam" (i.e. between networks of different seamless mobility network areas) into an upgraded network, and to move seamlessly within the upgraded seamless mobility network area.
· Gn SGSNs shall not be impacted.

· The solution shall solve problems A1 and A2.

1.2 Problem A1

1.2.1 Problem description
Problem A1: MME selection by the eNB
· The GUMMEI IE is sent on RRC to eNodeB for selection of MME. It should be noted that the standard allows for different implementations of the MME selection by the eNB, but the assumption is: "With a mapped GUMMEI with MSB=1 the eNodeB tries to match the LAC value with the configured native MME Group ID value". 
· Issue: In networks that do not support the MSB=0/1 rule, as the eNodeB will not find the LAC value in the list of configured native MME Group IDs, this will result in that eNodeB selects an arbitrary MME and not the MME where the UE is registered. This causes additional signalling, also over air.

Issues with the current specifications (these issues are valid whatever the solution for problem A1):

· First, a major issue with the MME selection is that eNB behaviour is not specified today and there may be different implementations: 

· Some eNBs use the knowledge of MSB split for NNSF function and some just have one routing table and assume also LAC values are configured. However, the S1 Setup Response message clearly separates the native GUMMEIs from the LAC/NRIs: 36.413 clearly specifies that in the "Served GUMMEIs" list, the LTE related pool configuration is included on the first place. The eNodeB is therefore able to handle separate GUMMEI and NRI tables.
· Also, during the email discussion, quite many operators have indicated they do not want configure "LACs" in eNB but just do the routing for mapped GUMMEIs based on NRI. As we have understood, this is more or less agreed requirement and we shall specify how it works (and how S1 Setup Response can today allow only NRI configuration w/o LAC).

Way forward for this issue: the configuration of NRIs without LACs should be specified in S1 Setup Response message as well as the eNB behaviour. This has to be discussed by 3GPP.
· Second, the RNC configuration with NRI and GUMMEI tables should also be clarified:

· The IDNNS (NRI) conveyed in the RRC Initial Direct Transfer does not contain the LAC; the LAC is only conveyed via P-TMSI/RAI in the RRC Connection Request message. Therefore, the RNC cannot discriminate between NRIs and MMECs solely on RRC Initial Direct Transfer message contents. It is necessary for the RNC to also take into account the LAC previously received in the RRC Connection Request message.

Assumptions:

· It is assumed that the range reserved for LACs is considerably larger than the range for MME group IDs (as also assumed for solution 7 in Ericsson paper S2-104753). 

· It is assumed that MMEGIDs and LACs are disjoint.

1.2.2 Solutions
From TS 36.331, there is no other parameter than the RRC GUMMEI sent by the UE to know whether it is a native or a mapped GUMMEI. Several alternatives do not restrict the number of LACs and NRIs (except that LAC and MMEGIDS shall be disjoint):

· Solution 4 based on sending Native GUMMEI at layer 2, described in Ericsson’s paper S2-104753. 
This solution requires UE changes, does not solve the first inter-system mobility and does also require a "fix" for solving A1 problem with Rel-8/Rel-9 legacy UEs. -> This is therefore not proposed as a solution.
· Solution based on “Native MMEGID Layer 2 detection”, which does not require UE changes and can be implemented from Rel-8 onwards.
-> This is the proposed solution for problem A1 from Rel-8 onwards.
· Solution based on "Explicit RRC signalling indication" from Rel-10 in the network. This would simply consist in adding a bit in RRC message (e.g. RRC Connection Setup Complete) indicating "native GUMMEI/mapped GUMMEI". 
-> This would be an alternative way forward for problem A1 if the group wishes: to be discussed with RAN2.
 Description of proposed solution “Native MMEGID Layer 2 detection” 
a) The eNB is configured with the list of  Native Served GUMMEIs (and possibly NRIs w/o LACs via e.g. a reserved MMEGID such as FFFF – see above the common issue in all types of solutions) through Rel-8 S1 Setup Response;

b) The eNB may additionally configured with the list of Neighbour MME Groups e.g. by O&M. This is for operators that require specific loadsharing i.e. distributing the UEs entering in the pool to the MMEs according to existing loadsharing rules, and it is expected that a UE coming from a non-neighbour MME Group is infrequent and does not disturb loadsharing mechanisms (neighbour MME Groups should be understood as MME Groups from where UE moves are frequent).
c) The GUMMEI routing table is independent from the NRI routing table (which contains no LAC as it is assumed that TS 23.236 recommendations on the reuse of NRI is satisfied – see section 3 for more details). 
d) No UE changes: the UE sends the old GUMMEI within RRC signalling (native or mapped depending on whether it comes from E-UTRAN or from GERAN/UTRAN) as in Rel-8.

e) When the eNodeB receives the GUMMEI, it checks: 
- If GUMMEI matches with any Served GUMMEI. In this case, the eNodeB uses the GUMMEI routing table to select the MME; 
- If MMEGID in the GUMMEI matches with any Neighbour MME Group. In this case, the eNodeB selects any MME according to loadsharing rules;
- If there is no matching. In this case, the eNodeB uses the NRI table to select the MME.
f) Can be used from Rel-8 onwards.
g) In addition to NRIs, because of the common issue in all types of solutions, the RNC is also configured with Served MMEGID/MMEC of the combined SGSN/MME nodes, and possibly with the neighbour MMEGIDs (for specific loadsharing if required by the operator). Similar algorithm as in e) is used since:
- P-TMSI/RAI (LAC) is received in RRC Connection Request;
- IDNNS (NRI) is received in the RRC Initial Direct Transfer.

1.2.3 Nodes and/or UEs affected

UE is not impacted.

eNB, RNC are impacted but the additional optional configuration (neighbour MME Groups) for operators that require specific load-sharing – and, for RNC, Served MMEGID/MMEC of the combined SGSN/MME nodes –  is expected to be limited. No LAC.
1.2.4 Backward compatibility issues

Backward compatibility for a new UE roaming (i.e. outside the seamless network area) into a network that supports MSB=0/1 rule: 

· No issue as the UE is unchanged for A1.  

Backward compatibility for a new UE roaming (i.e. outside the seamless network area) into a Rel-8/9 network that does not support MSB=0/1 rule: 

· No issue as Rel-8/9 network can be updated to support "Native MMEGID Layer 2 detection” solution: problem A1 is solved also for this network.
Backward compatibility for a legacy UE roaming (i.e. outside the seamless network area) into a network that supports Layer-2 signalling solution: 

· No issue as the UE is unchanged for A1. 
1.2.5 3GPP specifications to be updated

TS23.401: section 4.3.8.3 (MME selection function), section 5.3 and subsections : update description of eNB routing for combined nodes and configuration of neighbour MMEGIDs.

TS36.413: section 9.1.8.5 S1 Setup Response and 9.1.8.10 MME Configuration Update, add possibility to configure NRIs w/o LACs.
1.3 Problem A2
1.3.1 Problem description

The GUTI is sent on NAS (TAU Request) to allow the MME to find the old CN node for context request i.e. old SGSN or old MME

· With a mapped GUTI with MSB=1 the MME tries to do a DNS lookup of an MME instead of an SGSN.

· This will result in a re-attach as no context is retrieved from old SGSN.
1.3.2 Solution
The proposed solution refers to solution 2 "Explicit NAS layer signalling indication" of the Ericsson's paper S2-104753: 
The UE provides an explicit indication on the NAS layer so that the SGSN and MME can know whether the old GUTI or P-TMSI/RAI is a native or a mapped value; this solves problem A2.
Implementation alternatives for the Explicit NAS Layer Signalling solution are:

1. Adding values to Type of Identity field. However, the other values are reserved, which means that a default MME behaviour needs to be defined if the MME implements the 0/1 rule and cannot recognize the addition Mobility Identity value. 
2. Adding a parameter within the existing EPS Mobile Identity IE at octet 14 (one bit), present only if Type of Identity is "GUTI", and used to explicitly indicate whether the GUTI is mapped or native. 
3. Adding an IE independent from EPS Mobile Identity IE, used to explicitly indicate whether the GUTI is mapped or native;

It should be noted that the indication "native/mapped" is functionally part of the EPS Mobile Identity IE, therefore option 3 is not the preferred option. 
It should also be noted that the EPS Mobile Identity IE is of type 4, which means that it is "extendable".
The decision is left to CT1. For the sake of clarity in this paper (SA2 should not need to look at all options), option 2 is shown for impacts and backward compatibility issues in the rest of this discussion.
Similar changes/principles are also required in 24.008 for the RAU to handle properly mobility from LTE to GERAN/UTRAN towards S4-SGSN. The corresponding IE is "Mobile Identity" specified in clause 10.5.1.4 which is 7 octets long. The new parameter would be e.g. a 8th octet present only if Type of Identity is "TMSI/P-TMSI/M-TMSI", and used to explicitly indicate whether the P-TMSI is mapped or native.
1.3.3 Nodes and/or UEs affected

UE is modified by adding the explicit indication to EPS Mobile Identity IE (24.301) and Mobile Identity IE (24.008)
MME and S4 SGSN in networks that does not support MSB = 0/1 rule are modified to decode the explicit indication to EPS Mobile Identity IE

Gn SGSNs are not impacted

1.3.4 Backward compatibility issues

Backward compatibility for an Explicit NAS Signalling supporting UE roaming into a network that supports MSB=0/1 rule: 
· a supporting UE shall set the Type of Identity field to "GUTI" and the explicit indication to "mapped" or "native" in any network;
· a network supporting MSB=0/1 rule will ignore the explicit indication but will use the unchanged Type of Identity field.

Backward compatibility for a legacy UE roaming into a network that supports Explicit NAS Signalling solution: 

· the network detects that the new IE/parameter is not present and that the Explicit Signalling solution cannot be used; the "fixes" used for Rel-8/9 (see section 2 of the present document) shall be used instead, which has to coexist with the Explicit Signalling solution.
1.3.5 3GPP specifications to be updated

TS23.003: section 2.8.2.2.2: When explicit NAS signalling indication is received, an MME/S4-SGSN may determine the type of the source node (MME or SGSN) during a TAU/RAU based on this explicit indication.

TS23.401: section 5.3 and subsections: Update wording to say that the native/mapped GUTI discrimination may be either implicit or explicit.
TS24.301: section 9.9.3.12: UEs indicate in the TAU request whether the GUTI is native or mapped from P-TMSI.

TS24.008: section 10.5.1.4: UEs indicate in the RAU request whether the P-TMSI is native or mapped from GUTI

TS29.274: section 7.3.5, 7.3.8: update the way the new node knows whether old node is MME or SGSN
1.4 Proposed global solution for problems A1 and A2
Proposal for problem A1: The "Native MMEGID Layer 2 detection” solution is proposed as the way forward for solving problem A1 from Rel-8 onwards. As an alternative way forward, if the group wishes, an "explicit RRC signalling indication" as mandatory for Rel-10 UEs (optional to Rel-9 UEs).

Proposal for problem A2: The "Explicit NAS layer signalling indication" solution is proposed as mandatory for Rel-10 UEs, and optional for Rel-9 UEs.
2 Fixes for Rel-8/9 networks that do not support the MSB=0/1 rule
2.1 Solution to problem A1
"Native MMEGID Layer 2 detection” solution described in above sections is a possible way forward for solving A1 problem because it does not require UE modifications. 

2.2 Solution to problem A2

A number of solutions that do not require LAC reconfiguration and do not restrict LAC range can be implemented in Rel-8/Rel-9 networks that do not support MSB=0/1 rule:
· Solution 3 (GPRS ciphering key sequence number) - with S4-SGSN DNS query aligned to Gn-SGSN DNS query - looks like a kind of implicit signalling, but can only be short term work-around because the purpose of the IE is not the correct one. However, it does not require LAC reconfiguration and is compatible with the long term solution 2 which is explicit signalling.

· Solution 5 (double DNS query) also satisfies the requirement of no LAC reconfiguration; the main drawback is related to the performances.

· Solution Y (Use IE "additional GUTI" in MME and "additional P-TMSI/RAI" in S4-SGSN, plus Double DNS query for the first inter-RAT move) is said as being a long term solution only, but could also be a short term:  the first mobility from E-UTRAN to UTRAN/GERAN or vice-versa can be solved by double DNS query,  only the first time the Rel8/Rel9 UE moves between E-UTRAN and UTRAN/GERAN because it will have only one GUTI, otherwise in all other cases (further movements or call setups) there is none. No changes are required in the UE and it works in both directions.

2.3 Proposal for Rel-8/9 fixes
It is not proposed to mandate one implementation, but just to modify TS 23.003 (CT4 responsibility) as follows:
****************************FIRST CHANGE*******************************

2.8.2
Mapping between Temporary and Area Identities for the EUTRAN and the UTRAN/GERAN based systems

2.8.2.0
Introduction
This section provides information on the mapping of the temporary and location area identities, e.g. for the construction of the Routeing Area Update Request message in GERAN/UTRAN or Tracking Area Update Request message in E‑UTRAN.

In GERAN and UTRAN:

<RAI> = <MCC><MNC><LAC><RAC>


<P-TMSI> includes the mapped NRI

P‑TMSI shall be of 32 bits length where the two topmost bits are reserved and always set to 11. These are needed since the GERAN representation of P‑TMSI, of the form TLLI, impose this restriction. Hence, for a UE which may handover to GERAN/UTRAN (based on subscription and UE capabilities), the corresponding bits in the M-TMSI are set to 11.

3GPP TS 23.236 [23] specifies that the NRI field is of variable length and shall be mapped into the P‑TMSI starting at bit 23 and down to bit 14. The most significant bit of the NRI is located at bit 23 of the P‑TMSI regardless of the configured length of the NRI. To support mobility between GERAN/UTRAN and E-UTRAN,  the NRI length is limited to a maximum of 8 bits to be compatible for the mapping to MME Code within GUTI (see subclause 2.8.2.2).

The P‑TMSI and NRI are defined elsewhere in this specification.

In the case of a combined MME‑SGSN node, the NRI of the SGSN part and the MME code of the MME part, refer to the same combined node. RAN configuration allows NAS messages on GERAN/UTRAN and E‑UTRAN to be routed to the same combined node. The same or different values of NRI and MME code may be used for a combined node.

2.8.2.1
Mapping from GUTI to RAI, P-TMSI and P-TMSI signature
2.8.2.1.1
Introduction
This subclause addresses the case when a UE moves from an MME to an SGSN. The SGSN may be either an S4 SGSN or a Gn/Gp SGSN. 

2.8.2.1.2
Mapping in the UE

When a UE moves from an E-UTRAN to a GERAN/UTRAN, the UE needs to map the GUTI to an RAI, a P-TMSI and a P-TMSI Signature, for them to be sent to the SGSN.

The mapping of the GUTI shall be done to the combination of RAI of GERAN / UTRAN and the P‑TMSI:

E‑UTRAN <MCC> maps to GERAN/UTRAN <MCC>

E‑UTRAN <MNC> maps to GERAN/UTRAN <MNC>

E‑UTRAN <MME Group ID> maps to GERAN/UTRAN <LAC>

E‑UTRAN <MME Code> maps to GERAN/UTRAN <RAC> and is also copied into the 8 most significant bits of the NRI field within the P‑TMSI;

E‑UTRAN <M-TMSI> maps as follows:

-
6 bits of the E‑UTRAN <M-TMSI> starting at bit 29 and down to bit 24 are mapped into bit 29 and down to bit 24 of the GERAN/UTRAN <P‑TMSI>;
-
16 bits of the E‑UTRAN <M-TMSI> starting at bit 15 and down to bit 0 are mapped into bit 15 and down to bit 0 of the GERAN/UTRAN <P‑TMSI>;

-
and the remaining 8 bits of the E‑UTRAN <M-TMSI> are mapped into the 8 MBS bits of the <P-TMSI signature> field. 
The remaining 2 octets of the <P-TMSI signature> shall be filled according to subclause 9.1.1 in 3GPP TS.33.401 [89].
For UTRAN, the 10-bit long NRI bits are masked out from the P-TMSI and are also supplied by the UE to the RAN node as IDNNS (Intra Domain NAS Node Selector) (see 3GPP TS 23.236 [23]). However, the RAN configured NRI length should not exceed 8 bits.

2.8.2.1.3
Mapping in the old MME

A new SGSN attempts to retrieve information regarding the UE, e.g. the IMSI, from the old MME.  In order to find the UE context, the MME needs to map the RAI, P-TMSI and the P-TMSI Signature (sent by the SGSN) to create the GUTI.

The MME shall perform a reverse mapping to the mapping procedure specified in subclause 2.8.2.1.2 "Mapping in the UE" (see 3GPP TS 29.060 [6] and 3GPP TS 29.274 [88] for specifics of the messaging). For the reverse mapping, the E-UTRAN <MME Code> within the GUTI shall be set either to bits 23 to 16 of the GERAN/UTRAN <P-TMSI> (i.e., the NRI field) or to the GERAN/UTRAN <RAC>.
2.8.2.2
Mapping from RAI and P-TMSI to GUTI
2.8.2.2.1
Introduction
This subclause addresses the case when a UE moves from an SGSN to an MME. The SGSN may be either an S4 SGSN or a Gn/Gp SGSN. 

2.8.2.2.2
Mapping in the UE

When the UE moves from the GERAN/UTRAN to the E-UTRAN, the UE needs to map the RAI and P-TMSI to a GUTI to be sent to the MME. The P-TMSI signature is sent intact to the MME.

The mapping of P‑TMSI (TLLI) and RAI in GERAN/UTRAN to GUTI in E‑UTRAN shall be performed as follows:

GERAN/UTRAN <MCC> maps to E‑UTRAN <MCC>

GERAN/UTRAN <MNC> maps to E‑UTRAN <MNC>

GERAN/UTRAN <LAC> maps to E‑UTRAN <MME Group ID>

GERAN/UTRAN <RAC> maps into bit 23 and down to bit 16 of the M‑TMSI

The 8 most significant bits of GERAN/UTRAN <NRI> map to the MME code.

GERAN/UTRAN <P‑TMSI> maps as follows:

-
6 bits of the GERAN/UTRAN <P‑TMSI> starting at bit 29 and down to bit 24 are mapped into bit 29 and down to bit 24 of the E‑UTRAN <M-TMSI>;
-
16 bits of the GERAN/UTRAN <P‑TMSI> starting at bit 15 and down to bit 0 are mapped into bit 15 and down to bit 0 of the E‑UTRAN <M-TMSI>.
The values of <LAC> and <MME group id> shall be disjoint, so that they can be differentiated. The most significant bit of the <LAC> shall be set to zero; and the most significant bit of <MME group id> shall be set to one. Based on this definition, the most significant bit of the <MME group id> can be used to distinguish the node type, i.e. whether it is an MME or SGSN. The UE copies the received old SGSN’s <LAC> into the <MME Group ID> when sending a message to an MME, regardless of the value of the most significant bit of the <LAC>.
In networks where the above definition is not applied (e.g. in networks already configured with LAC with the most significant bit set to 1 before LTE deployment), specific implementations still satisfying 3GPP standard interfaces can be used to distinguish the node type.

Note: as an example, at RRC layer, the eNB can retrieve the last CN node by configuration of the list of MME group ids to determine whether the GUMMEI is native or mapped. As an example, at NAS level, the MME/SGSN can retrieve the old SGSN/MME by using additional GUTI/additional RAI/P-TMSI with double DNS query to solve the first time the UE moves between E-UTRAN and GERAN/UTRAN. As another example, the MME/SGSN can retrieve the old SGSN/MME by using double DNS query.
2.8.2.2.3
Mapping in the new MME

In order to retrieve the UE's information, e.g. the IMSI, from the old SGSN, the new MME extracts the RAI and P-TMSI from the GUTI via the reverse mapping procedure to that specified in subclause 2.8.2.2.2. This is done in order to be able to include the RAI and P-TMSI, along with the P-TMSI Signature, in the corresponding message sent to the old SGSN (see 3GPP TS 29.060 [6] and 3GPP TS 29.274 [88] for specifics of the messaging).
****************************END OF  CHANGES*******************************
3 Background

3.1 Generic comments on the need for LAC in NRI tables

In a pure GERAN/UTRAN network, the BSC/RNC supporting A/Iu Flex will be configured with a NRI table in order to retrieve the SGSN where the UE is registered. 

TS 23.236 specifies that a RNC will not take into account LAC for the selection of the CN as the NRI needs be configured in a way there is no ambiguity: "The Network Resource Identifier (NRI) identifies uniquely an individual CN node out of all CN nodes, which serve in parallel a pool-area."


[image: image1]
Figure 1: eNB at the border of two non-overlapping areas with NRI reuse

In an E-UTRAN/GERAN/UTRAN network, it is different due to the fact an eNB can be located at the border of two non-overlapping SGSN pools where the same NRI is reused. In this case, the NRI will not suffice for the eNB to select the correct CN node and the LAC is needed to achieve the discrimination. However, in most of the cases, it is expected that the operator will avoid configuring the reuse of a NRI value in adjacent non-overlapping pools; this will save LAC configuration. 

This configuration is not recommended in TS 23.236, and therefore NRI is assumed to be sufficient to discriminate CN nodes when receiving a mapped GUMMEI.

If the TS 23.236 is not satisfied (not recommended), then the algorithm in the eNB to retrieve the correct CN node can be a simple two-steps algorithm:

· step 1: NRI look up (256 values) provides the CN node identity;

· step 2: if NRI look up has several CN identities, the LAC value is added to the look up.

in other words, even if the TS 23.236 recommendation is not followed, there is no need to configure the eNB with all LACs but only with LACs that have a common NRI value in the non-overlapping pools. 

3.2 Problem A1 "solution 4" description reminder

Solution 4 " Native GUMMEI at layer 2" principles consist in:

a) If native GUTI exists in UE the old valid GUMMEI is sent to eNodeB at RRC-layer. 

b) If both native GUTI and native P-TMSI/RAI exist in a UE moving from 2G/3G to LTE, the native GUMMEI is sent to eNodeB instead of a mapped GUMMEI as stated in the existing rel-8 standard.

c) There is no LAC configuration.

d) Additional signalling  if the UE starts attachment in GERAN/UTRAN:

•
UE attaches to 2G/3G without native GUTI, then UE moves to LTE and triggers a TAU; as not previously been in LTE an arbitrary MME is selected.

•
UE moves back to 2G/3G and triggers a RAU which may result in a SGSN relocation. This SGSN relocation will result in extra signalling (RAU procedure), but after this point the SGSN/MME are “synchronized” if the network is configured with combined/associated SGSN/MME.  

e) Updates in the UE but no updates in the eNodeB.

Backward compatibility for a new UE roaming (i.e. outside the seamless network area) into a Rel-8/9 network that does not support MSB=0/1 rule: 

· The UE behaviour is modified to support solution 4 as it has to send the native GUMMEI at layer 2 instead of the mapped GUMMEI. If it roams to a Rel8/9 network that does not support MSB=0/1 rule, there is no way for the eNB to detect whether the GUMMEI is mapped or native; however, it does not degrade but does not also solve the A1 issue in such networks; this could be a way forward if the concerned operators can live with additional signalling or don't deploy combined SGSN/MME.

Backward compatibility for a legacy UE roaming (i.e. outside the seamless network area) into a network that supports Layer-2 signalling solution: 

· A legacy UE roaming into a network that supports solution 4 will require the Rel-8/9 fix in the eNodeB to retrieve a combined SGSN/MME node; and this fix may be based on the comparison of UE GUMMEI and the list of GUMMEI provided by the MME, …and heavily looks like solution X.
3.3 Background for problem A1

From TS 23.003: 

Within the MME, the mobile shall be identified by the M-TMSI. S-TMSI identifies the UE in a pool of MMEs. 

<GUTI> = <GUMMEI><M-TMSI> and <S-TMSI> = <MMEC><M-TMSI>  
<GUMMEI> = <MCC><MNC><MME Group ID><MME Code>
<RAI> = <MCC><MNC><LAC><RAC>, and <P-TMSI> includes the mapped NRI

The NRI field is of variable length and shall be mapped into the P-TMSI starting at bit 23 and down to bit 14. The most significant bit of the NRI is located at bit 23 of the P TMSI regardless of the configured length of the NRI. To support mobility between GERAN/UTRAN and E-UTRAN, the NRI length is limited to a maximum of 8 bits to be compatible for the mapping to MME Code within GUTI

Mapping from GUTI to RAI/PTMSI

<MME Group ID> maps to <LAC>
<MME Code> maps to <RAC> and is also copied into the 8 most significant bits of the NRI field within the P TMSI;
Mapping from RAI/PTMSI to GUTI

<LAC> maps to <MME Group ID>

<RAC> maps into bit 23 and down to bit 16 of the M TMSI

The 8 most significant bits of <NRI> map to the <MME code>
The values of <LAC> and <MME group id> shall be disjoint, so that they can be differentiated.
From TS 24.301:

" For the routing of the initial NAS message to the appropriate MME, the UE NAS provides the lower layers with either the S-TMSI or the registered globally unique MME identifier (GUMMEI) that consists of the PLMN ID, the MME group ID, and the MME code (see 3GPP TS 23.003 [2]) according to the following rules:
-
When the UE is registered in the tracking area of the current cell during the NAS signalling connection establishment, the UE NAS shall provide the lower layers with the S-TMSI, but shall not provide the registered MME identifier to the lower layers. Exceptionally, when the UE in EMM-IDLE mode initiates a tracking area updating or combined tracking area updating procedure for load balancing purposes, the UE NAS shall provide the lower layers with neither S-TMSI nor registered MME identifier.

-
When the UE is not registered in the tracking area of the current cell during the NAS signalling connection establishment, the UE NAS does not provide the lower layers with the S-TMSI. Instead,
a)
if the TIN indicates "GUTI" or "RAT-related TMSI", or the TIN is not available, and the UE holds a valid GUTI, the UE NAS shall provide the lower layers with the MME identifier part of the valid GUTI; or
b)
if the TIN indicates "P-TMSI" and the UE holds a valid P-TMSI and RAI, the UE NAS shall provide the lower layers with the MME identifier part of the mapped GUTI, which is generated from the P-TMSI and RAI.
"

From TS 36.300:

19.2.1.7

NAS Node Selection Function (NNSF)
The interconnection of eNBs to multiple MME/Serving S-GWs is supported in the E-UTRAN/EPC architecture. Therefore a NAS node selection function is located in the eNB to determine the MME association of the UE, based on the UE’s temporary identifier, which was assigned to the UE by the CN node (e.g. MME or SGSN).

NOTE:
In case the UE’s temporary identifier is assigned by the SGSN, respective mapping rules are defined in [26].

Depending on the actual scenario the NNSF determines the UE’s MME association either based its S-TMSI (e.g. at service request) or based on its GUMMEI and selected PLMN (e.g. at attach or tracking area update in non-registered TA). 

This functionality is located in the eNB only and enables proper routing via the S1 interface. On S1, no specific procedure corresponds to the NAS Node Selection Function.
In summary, <LAC><NRI-8> ( <MMEGID><MMEC>; and we can assume that the number of MMEGIDs is much smaller that the number of LACs. 
LAC and MMEGID are 2 octets long; NRI-8 and MMEC are one octet long.

One alternative would be to use only NRI and MMEC for the selection of the CN node but it would mean having NRI and MMEC disjoint values, and this reduces too much the number of NRIs and MMECs to be used. 

LAC are needed for CN node selection in the eNodeB in case of non-overlapping pools where two NRIs of different non-overlapping pools could have same value. 

From TS 36.331, we can see what the parameters sent to the eNodeB during the RRC Connection Setup procedure; the MMEGI and the MMEC are provided by the UE to the eNodeB at RRC Connection Complete:

RRCConnectionRequest
The RRCConnectionRequest message is used to request the establishment of an RRC connection.

Signalling radio bearer: SRB0

RLC-SAP: TM

Logical channel: CCCH

Direction: UE to E‑UTRAN

RRCConnectionRequest message
-- ASN1START

RRCConnectionRequest ::=


SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionRequest-r8



RRCConnectionRequest-r8-IEs,



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionRequest-r8-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,


establishmentCause




EstablishmentCause,


spare







BIT STRING (SIZE (1))

}

InitialUE-Identity ::=



CHOICE {


s-TMSI







S-TMSI,

randomValue






BIT STRING (SIZE (40))

}

EstablishmentCause ::=



ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, spare3, spare2, spare1}

-- ASN1STOP

	RRCConnectionRequest field descriptions

	ue-Identity

UE identity included to facilitate contention resolution by lower layers.

	establishmentCause

Provides the establishment cause for the RRC connection request as provided by the upper layers. W.r.t. the cause value names: highPriorityAccess concerns AC11..AC15, ‘mt’ stands for ‘Mobile Terminating’ and ‘mo’ for ‘Mobile Originating.

	randomValue

Integer value in the range 0 to 240 ( 1.


RRCConnectionSetupComplete
The RRCConnectionSetupComplete message is used to confirm the successful completion of an RRC connection establishment.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to E‑UTRAN

RRCConnectionSetupComplete message
-- ASN1START

RRCConnectionSetupComplete ::=

SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




rrcConnectionSetupComplete-r8

RRCConnectionSetupComplete-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionSetupComplete-r8-IEs ::= SEQUENCE {


selectedPLMN-Identity



INTEGER (1..6),

registeredMME





RegisteredMME





OPTIONAL,


dedicatedInfoNAS




DedicatedInfoNAS,

nonCriticalExtension



RRCConnectionSetupComplete-v8a0-IEs






OPTIONAL

}

RRCConnectionSetupComplete-v8a0-IEs ::= SEQUENCE {


lateR8NonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

RegisteredMME ::=




SEQUENCE {


plmn-Identity





PLMN-Identity





OPTIONAL,

mmegi







BIT STRING (SIZE (16)),


mmec







MMEC
}

-- ASN1STOP

	RRCConnectionSetupComplete field descriptions

	selectedPLMN-Identity

Index of the PLMN selected by the UE from the plmn-IdentityList included in SIB1. 1 if the 1st PLMN is selected from the plmn-IdentityList included in SIB1, 2 if the 2nd PLMN is selected from the plmn-IdentityList included in SIB1 and so on.

	registeredMME

This field is used to transfer the GUMMEI of the MME where the UE is registered, as provided by upper layers.

	mmegi

Provides the Group Identity of the registered MME within the PLMN, as provided by upper layers, see TS 23.003 [27].


From TS 36.413

9.1.8.5
S1 SETUP RESPONSE

This message is sent by the MME to transfer information for a TNL association.

Direction: MME ( eNB
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME Name
	O
	
	PrintableString(1..150,…)
	
	YES
	ignore

	Served GUMMEIs 
	
	1..<maxnoofRATs>
	
	The LTE related pool configuration is included on the first place in the list.
	GLOBAL
	reject

	>Served PLMNs
	
	1..<maxnoofPLMNsPer MME>
	
	
	-
	

	>>PLMN Identity
	M
	
	9.2.3.8
	
	-
	

	>Served GroupIDs
	
	1..<maxnoofGroupIDs>
	
	
	-
	

	>>MME Group ID
	M
	
	OCTET STRING (2)
	
	-
	

	>Served MMECs
	
	1..<maxnoofMMECs>
	
	
	-
	

	>>MME Code
	M
	
	9.2.3.12
	
	-
	

	Relative MME Capacity
	M
	
	9.2.3.17
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.1.21
	
	YES
	ignore


	Range bound
	Explanation

	maxnoofPLMNsPer MME
	Maximum no. of PLMNs per MME. Value is 32.

	maxnoofRATs
	Maximum no. of RATs. Value is 8.

	maxnoofGroupIDs
	Maximum no. of GroupIDs per node per RAT. Value is 65535.

	maxnoofMMECs
	Maximum no. of MMECs per node per RAT. Value is 256.


3.4 Background for problem A2

From TS 23.401: 

9.9.3.12
EPS mobile identity

The purpose of the EPS mobile identity information element is to provide either the IMSI, the GUTI or the IMEI.

The EPS mobile identity information element is coded as shown in figures 9.9.3.12.1 and 9.9.3.12.2 and table 9.9.3.12.1.

The EPS mobile identity is a type 4 information element with a minimum length of 3 octets and a maximum length of 13 octets.

	8
	7
	6
	5
	4
	3
	2
	1
	

	EPS mobile identity IEI
	octet 1

	Length of EPS mobile identity contents
	octet 2

	1
	1
	1
	1
	odd/

even

indic
	Type of identity
	octet 3

	MCC digit 2
	MCC digit 1
	octet 4

	MNC digit 3
	MCC digit 3
	octet 5

	MNC digit 2
	MNC digit 1
	octet 6

	MME Group ID
	octet 7

	MME Group ID (continued)
	octet 8

	MME Code
	octet 9

	M-TMSI
	octet 10

	M-TMSI (continued)
	octet 11

	M-TMSI (continued)
	octet 12

	M-TMSI (continued)
	octet 13


Figure 9.9.3.12.1: EPS mobile identity information element for type of identity "GUTI"
	8
	7
	6
	5
	4
	3
	2
	1
	

	EPS mobile identity IEI
	octet 1

	Length of EPS mobile identity contents
	octet 2

	Identity digit 1


	odd/

even

indic
	Type of identity


	octet 3

	Identity digit p+1
	Identity digit p
	octet 4*


Figure 9.9.3.12.2: EPS mobile identity information element for type of identity "IMSI" or "IMEI"
Table 9.9.3.12.1: EPS mobile identity information element

	Type of identity (octet 3)

Bits

	3
	2
	1
	

	0
	0
	1
	IMSI

	1
	1
	0
	GUTI

	0
	1
	1
	IMEI

	All other values are reserved.

	

	Odd/even indication (octet 3)

Bit

	4
	
	
	

	0
	
	
	even number of identity digits and also when the GUTI is used

	1
	
	
	odd number of identity digits

	

	Identity digits (octet 4 etc)

For the IMSI, this field is coded using BCD coding. If the number of identity digits is even then bits 5 to 8 of the last octet shall be filled with an end mark coded as "1111".

	

	For the GUTI, then bits 5 to 8 of octet 3 are coded as "1111", octet 4 through 6 contain the MCC and MNC values as specified below, and bit 8 of octet 7 is the most significant bit and bit 1 of the last octet the least significant bit for the subsequent fields. The required fields for the GUTI are as defined in 3GPP TS 23.003 [2].



	MCC, Mobile country code (octet 4, octet 5 bits 1 to 4)

The MCC field is coded as in ITU-T Recommendation E.212 [30], annex A.

	

	MNC, Mobile network code (octet 5 bits 5 to 8, octet 6)

The coding of this field is the responsibility of each administration but BCD coding shall be used. The MNC shall consist of 2 or 3 digits. If a network operator decides to use only two digits in the MNC, bits 5 to 8 of octet 5 shall be coded as "1111".

The contents of the MCC and MNC digits are coded as octets 6 to 8 of the Temporary Mobile Group Identity IE in figure 10.5.154 of 3GPP TS 24.008 [13].

	

	For the IMEI, this field is coded using BCD coding. The format of the IMEI is described in 3GPP TS 23.003 [2].
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