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1. Introduction:
Some operators have raised an issue that in their networks the full 16bits of the LAC could have been used before LTE deployment, which means the MSbit of LAC was already set to 1 instead of 0 as per TS23.003.  Based the requirements specified in TS36.300, TS23.401, TS23.003 and TS29.274, the use of MSBit of LAC or MME Group ID has the following purposes:

a. By using this MSBit, the target MME can figure it out the old node type, and then perform the DNS query with proper FQDN string to find old node, in order to send GTPv2 message such as Context Request to the old node.

b. By using this MSbit, the target eNB is able to select a specific MME, which is the one UE previously registered when UE perform a inter-MME TAU or the one which is configured in the eNB for the UEs coming from a specific LAC when UE moves from 2G/3G to LTE. Without this support, it results in that eNodeB selects an arbitrary MME and not the MME where the UE either already is registered or is intended to be registered. This causes additional signaling in the network and also over air.

This discussion paper tries to find a solution for the first purpose if the MSbit of LAC or MME Group ID is not used.

2. Problem description
In 23.003 it is specified:

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.
Some operators have already used the full 16-bit value of LAC

Some LAC values have MSB set to 1 i.e. in the EPS the LAC value is interpreted as being a native MME Group ID!

Incorrect setting of MSB gives erroneous behavior in the MME:

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.
3. Solution proposal
1.) 

When the UE moves from GERAN/UTRAN to E-UTRAN the old GUTI provides a mapped P-TMSI and RAI and a valid GUTI in the Additional GUTI IE:

In the TS24.301, chapter 5.5.3.2.2, it is specified:

If the UE supports A/Gb mode or Iu mode, the UE shall handle the Old GUTI IE as follows:

-
If the TIN indicates "P-TMSI" and the UE holds a valid P-TMSI and RAI, the UE shall map the P-TMSI and RAI into the Old GUTI IE. If a P-TMSI signature is associated with the P-TMSI, the UE shall include it in the Old P-TMSI signature IE. Additionally, if the UE holds a valid GUTI, the UE shall indicate the GUTI in the Additional GUTI IE.

NOTE:
The mapping of the P-TMSI and RAI to the GUTI is specified in 3GPP TS 23.003 [2].

-
If the TIN indicates "GUTI" or "RAT-related TMSI" and the UE holds a valid GUTI, the UE shall indicate the GUTI in the Old GUTI IE.
The GUTI and Additional GUTI IE’s are defined as:

GUTI=<GUMMEI><M-TMSI>

GUMMEI=<MCC><MNC><MME group Id><MME Code>

Mapped GUMMEI=<MCC><MNC><MME group Id=LAC><MME Code=8 msb of NRI>

So, the Tracking Area Update message to the MME can contain one or two GUTI IE’s depending on the mobility case and the GUTI in the Old GUTI IE can be either a valid GUTI or a mapped GUTI:

· Intra LTE TAU – valid GUTI in the Old GUTI IE;

· 2G/3G to LTE TAU when UE is accessing LTE for the first time – mapped GUTI in Old GUTI IE;

· 2G/3G to LTE TAU when UE is returning to LTE – mapped GUTI in the Old GUTI IE and valid GUTI in the Additional GUTI IE.

Conclusion is that the MME cannot decide by looking on the numbers of GUTI IE’s whether the Old Node is an SGSN or MME, thus a separate indicator is needed to indicate if the GUTI in Old GUTI IE is valid GUTI or mapped GUTI.
2.)
Use existing IE in TAU Request as indicator of mapped or not mapped GUTI
The "GPRS ciphering key sequence number" can be used as an indicator:
In the TS24.301, chapter 8.2.29.3: 
The UE shall include this IE if the UE performs an A/Gb mode or Iu mode to S1 mode inter-system change in EMM-IDLE mode and the TIN indicates "P-TMSI"
This is the same requirement as for indicating a mapped GUTI in the Old GUTI IE, so it would be possible for an MME to check if the GPRS CKSN is included to decide if the Old GUTI IE contains a mapped GUTI or a valid GUTI.

A clarification to standard should be added to state that the UE shall not include GPRS CKSN in a Tracking Area Update message at intra-LTE TAU.
4. Conclusion: 

By using GPRS CKSN solution, it solves the problem that MME can properly perform DNS lookup to find old CN node if MSB is set to 1 in LAC.   There is no change in the UE and it is backwards compatible with Rel-8 UEs, however MME need change the implementation to adapt this solution. It also implies additional CRs to align this solution:
· It is needed to specify that GPRS CKSN shall not be included at intra-LTE TAU in TS24.301, chapter 8.2.29.3.
· It is needed to specify that the target MME shall use GPRS CKSN to determine the type of the node, MME or SGSN in TS29.274. Beside this change, other minor update in the GTPv2 specification is probably needed.
It is very important to note that if the MSB in LAC/MMEGI usage as indicator for native or mapped GUTI is changed, also the NNSF in the eNodeB will be impacted and needs a solution. This applies for any solution on the NAS level. 
The TS 36.300 chapter 19.2.1.7 specifies that the eNodeB may be equipped with a NAS Node Selection Function (NNSF) to select the appropriate MME for the UE. The specification also covers the IRAT scenario when the UE provides a temporary identifier assigned by the SGSN, i.e. a mapped GUMMEI as described above. For this scenario TS 36.300 refers to TS 23.003 as the source of the mapping rules that the NNSF in eNodeB relies on for it’s operation at selecting the correct MME.

Therefore no changes should be implemented in CT1 and CT4 specifications on this issue until the problem and its possible solutions has been agreed in all impacted groups.
Then the requirement "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." can be removed if both eNodeB and MME are able to perform their node lookup operations without support of RAT indication using MSbit of LAC or MME group id.

