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Abstract of the contribution:
It is proposed to increase LTE network capacity in term of number of UEs per MME, number of MME per PLMN and to clarify interworking with legacy regarding TMSI and NRI handling. STMSI and MME id format are described.
1. Introduction
Routing mechanism for S1-Flex has not yet been clarified.
In 2G/2G, PTMSI structure is defined so that it includes 10 bits of routing information (NRI). This information is provided by the UE to the Access node to allow routing to the correct CN node and used by the Core network node to retrieve old UE context.

The current mechanism has the following drawbacks:

· as the “NRI” information uses 10 bits of the TMSI field, the numbers of UEs per TA is reduced from 2^30 to 2^20.

· As the “NRI” information is also used to identify a unique core network node, the number of CN node is limited to 2^10 per PLMN

For LTE, we see advantage to increase the network capacity and in consequence increase number of UEs per MME and increase number of MMEs in a PLMN.

2. Discussion

Increase of EPC capacity:

1) Increase the number of MMEs per PLMN

The number of SGSNs per PLMN is limited to the NRI field size in 2G/3G when IuFlex is used. There is then a maximum of 2^10 = 1024 SGSNs per PLMN .
The number of MMEs in LTE should be higher than the number of SGSNs in 2G/3G. This is possible if NRI field is not used to code MMEid for LTE.

Then depending on the field used to transport the MMEid, the number of MMEs obtained can be:

- The MMEid can be coded into 16 bits. MMEid is then sent into the LAC space in front of a legacy SGSN. TAC will the be 8 bits long. This brings up to 65536 MMEs per PLMN.

- The MMEid can be coded into 24 bits. MMEid is then sent into the LAC+TAC space in front of a legacy SGSN. This brings up to 16.777.216 MMEs per PLMN.

65536 MMEs per PLMN appears to be an important number of MMEs. Allowing more MMEs looks not reasonable for management perspective: 16 bits for MMEid sounds a reasonable balance between network capacity expected and human possibilities for OAM management.

Proposal 1: it is proposed to increase the number of MMEs up to 2^16 (i.e. 65536).
In case of Combined SGSN/MME node, IuFlex mechanism needs to be considered and this limits MMEid size: to allow BSC/RNC to route RAU message to the same SGSN/MME as the one that provided the MMEid to the UE, MMEid has to be put in the TLLI/IDNNS with has a limitation of 10 bits. 

Proposal 2: in case of combo SGSN/MME, the MMEid shall be allocated to ensure that its first 10 bits allow to unambiguously identifying the MME.

2) Increase the number of UEs
To increase number of UEs per MME, it is proposed that there is no bits of S-TMSI reserved anymore for Flex purpose (“NRI” field) in LTE. This frees the 10 bits of NRI on 32 bits of the S-TMSI. All STMSI bits can be used for UEs identification. This brings up to 2^32 possibilities for S-TMSI, instead of 2^22 for TMSI with NRI.
Proposal 3: S-TMSI does not include any “NRI” information so that number of UEs is increased compared to pre-Rel7.
Instead of using “NRI” information inside the STMSI, it is proposed that the UE provides explicitly the old MMEid which allocates its S-TMSI.

In addition, in 3G, PTMSI is allocated per RA, to allow an important number of UEs per MME. It is proposed to re-use the same principle and to look whether we can allocate S-TMSI per TA. This is described in Option 1 below.
3) Increase number of TA

TA number can be equal to RA numbers.
Nevertheless, number of TAs may be increased for LTE if LAC field is not used for other purpose: TAC can then be up to 16+8 bits = 24 bits (be put in LAC+TAC field) when the UE access to legacy Network.
This possibility is described in an Option 2 below.
Description of the proposal:
Two options are available for this proposal. In conclusion, we propose to retain only Option 1 due to drawback that will be highlighted for Option 2 during the description.
1) When arriving under LTE coverage (1st time)

When attaching, the UE provides no STMSI, no MMEid and no routing information to the eNodeB. The eNodeB selects one MME to serve the UE.

The MME provides to the UE the TAi (list), MMEid and S-TMSI in the NAS Attach Accept. 
MMEid and TAi are defined as following: 

· Option 1: MMEid is 16 bits and TAC is defined in 8 bits (like TAC). 
· Option 2: MMEid is 16 bits and TAC is defined in 16+8 bits (like LAC+TAC)

If the MME is a combo SGSN/MME, MMEid is carefully allocated in case of combined SGSN/MME so that the first 10 bits unambiguously identify the combo-node.
Both options to use the whole 32 bits of the STMSI and then to increase number of UEs per MME. The S-TMSI is coded in 32 bits, with no “NRI” information in it. 

2) When arriving under LTE coverage (subsequent times)

· Routing in the Access node:

It is proposed that the LTE UE provides a RRC parameter to eNodeB which shall include the previous MMEid if any (it shall not be the S-TMSI as the S-TMSI does not include any “NRI” in LTE). The exact parameter name to be used by eNodeB is FFS for RAN group

The UE provides access routing information to the eNodeB to allow proper routing to the previous old MME that host the UE context. This routing information is the MMEid received from the old MME at previous Attachment.

· Retrieval of old UE context from old CN node:

The UE provides old MMEid and its S-TMSI at NAS layer, to allow the new MME to retrieve the UE context in the old MME.
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3) When arriving 1st time in 2G/3G coverage (Rel7 SGSN considered) after being attached to a MME

· Routing in the Access node:

The UE provides access routing information to the BSC/RNC to allow proper routing to the previous old MME that host the UE context in case of combo SGSN/MME. This routing information is the MMEid received from the old MME at previous Attachment.

If the UE is in front of 2G, the access routing information is a TLLI. LTE UE built a 32 bits “random” TLLI which shall include the MMEid if any available in the UE.

If the UE is in front of 2G, the access routing information is a IDNNS. LTE UE built a IDNNS which shall include the MMEid if any available in the UE.
TLLI/IDNSS is used by the BSC/RNC to select a SGSN:

TLLI/IDNNS contains MMEid so that if there is a combo SGSN/MME BSC/RNC will select it based on the MMEid, else the TLLI/IDNNS references no core node and a new SGSN will be selected.

This may impact BSC/RNC depending on implementation, as the BSC/RNC has to look inside a random TLLI/IDNNS to extract MMEid if we want to support combo 2G/3G SGSN/MME.

Retrieval of old UE context from old CN node:

The UE provides old MMEid and its S-TMSI to allow the new SGSN to retrieve the UE context in the old MME.
With Option 1, the MMEid is provided in the LAC space and TAC is provided in the RAC space. The DNS is already configured so that MMEid+TAC information points to the old MME node according to method 1 used above. 
With Option 2, the MMEid is provided in a LAC+TAC field.
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· P-TMSI signature check:
The UE provides the new SGSN with the old S-TMSI signature allocated by the old MME.

The new SGSN forwards this old PTMSI signature to the old MME for a control of the signature.
This is a similar procedure compared to Legacy.

4) When arriving under 2G/3G coverage (1st time)

When attaching, the UE provides no PTMSI and no access routing information to the BSC/RNC. The BSC/RNC selects one SGSN to serve the UE.

The SGSN provides to the UE the RAi, and PTMSI in the NAS Attach Accept. PTMSI is coded in 32 bits, with 10 bits for “NRI” information.

5) When arriving 1st time under LTE coverage after being attached to a SGSN:

· Routing in the Access node:

The UE provides access routing information to the eNodeB to allow proper routing to the previous old SGSN that host the UE context. This routing information is the 10 bits NRI received from the old SGSN at previous Attachment.

RRC parameter is used by the eNodeB to select a MME:

RRC parameter contains NRI so that if there is a combo SGSN/MME, the eNodeB will select it based on the NRI so will reach the right SGSN/MME, else a new MME will be selected.

· Retrieval of old UE context from old CN node:

The UE provides NRI in the MMEid field sent to the new MME to allow the DNS to retrieve old SGSN address.

With Option 1:
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With Option2:

The NRI is sent in the separate MMEid field. The UE provides also old RAi and its old PTMSI at NAS layer, to allow the old SGSN to retrieve the UE context. 
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· P-TMSI signature check:
The UE provides the new MME with the old P-TMSI signature allocated by the old SGSN.

The new MME forwards this old P-TMSI signature to the old SGSN for a control of the signature.

This is a similar procedure compared to Legacy.

3. Proposal
It is proposed to agree on the above identifiers structures.
/***********************************Start of Change*********************************************/
5.2.2
S-TMSI

The MME shall allocate an S-Temporary Mobile Subscriber Identity (S-TMSI) to a user in order to support the subscriber identity confidentiality.

The S-TMSI is unique per MME or per TA (FFS).
S-TMSI field size is the same as P-TMSI size.
There is no MME routing information (NRI) in the S-TMSI.
There is no MMEid information in the S-TMSI.
For interworking with Legacy 2G/3G, the UE provides the 10 first bits of the MMEid in place of the NRI information needed for the 2G/3G Network.



The structure of the S-TMSI is specified in 3GPP TS 23.003 [9].


/**************************************End of Change*********************************************/
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The UE provides old SGSN information to the new MME in LTE fields
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The UE provides old MME information to the new MME in LTE fields
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The new MME provides old RAi and P-TMSi to allow old SGSN to retrieve UE context





To retrieve old SGSN address, the MME provides the DNS with the old MCC+MNC+MMEid+TAC field that contains the old RAi
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The UE provides old MME information to the new MME in LTE fields
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The new MME provides old S-TMSi to allow old MME to retrieve UE context
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To retrieve old MME address, the MME provides the DNS with the old MMEid field
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The new SGSN provides old RAi (containing MMEid+TAC) and old STMSI. Old MME retrieves UE context only based on old STMSI and old TAI.
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To determine the old SGSN address, the MME provides DNS with the MMEid including old SGSN’s NRI.





The new MME provides old RAi+old PTMSi to allow old SGSN to retrieve UE context





The new SGSN provides old RAi and old STMSI. Old MME retrieves UE context only based on old STMSI and not based on old TAi.





The DNS determines the old MME address based on old RAi field containing MCC+MNC+MMEid (split into two field separated by a dot).





The DNS determines the old MME address based on old RAi field containing MCC+MNC+MMEid+old TAC.
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The UE provides old MME information to the new MME in LTE fields
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The new MME provides old TAi and S-TMSi to allow old MME to retrieve UE context, it is possible to have STMSI per TA





DNS





Old MME address





UE





Old MME





To retrieve old MME address, the MME provides the DNS with the old TAi field that contains the MMEid+old TAC.
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