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1. Introduction
The LS [1] from SA2 states a requirement that the UE moving from GERAN/UTRAN to EUTRAN may use GUMMEI mapped from P-TMSI and RAI to access the ENB and the ENB should select a specific MME according to this mapped GUMMEI. This contribution is to describe the GUTI, mapping issue and propose a way forward.
2. Discussion
2.1 GUTI

GUTI (see sec 5.2.2 in TS 23.401) is introduced in SAE which can identify a UE globally. 

GUTI = MCC + MNC + MMEGI + MMEC + M-TMSI.   Where

GUMMEI = MCC + MNC + MMEGI + MMEC, which identifies an MME globally;

S-TMSI = MMEC + M-TMSI, which is used to page a UE in the registered area.

2.2 Identities and Mapping between temporary and area identities
A dual mode UE may hold one or two identities: P-TMSI/old RAI, or GUTI. If ISR (Idle mode Signaling Reduction) is not activated, the UE will always access one RAT using the latest used identity, e.g. a UE moving from UTRAN to E-UTRAN will use P-TMSI/old RAI which will be mapped into GUTI to access E-UTRAN. If ISR is activated, the UE will access one RAT according to TIN (Temporary Identity used in Next update) which is a parameter in UE. TIN is used internally by the UE to memorise which temporary ID it has to indicate in the next RAU/TAU (P-TMSI, GUTI or RAT-related TMSI, the latter means P-TMSI in accessing 2G/3G and GUTI in accessing E-UTRAN) (see sec 5.7.5 in TS 23.401). So in ISR activated case, UE may access UTRAN with GUTI which will be mapped into P-TMSI/old RAI, and UTRAN should select a specific SGSN according to the identity, or UE may access E-UTRAN with P-TMSI/old RAI which will be mapped into GUTI so that E-UTRAN should select a specific MME according to this identity.
The UE shall always access one RAT using the RAT specific identity format, i.e. if the UE accesses UTRAN with GUTI, the GUTI shall be mapped into P-TMSI/old RAI format; and if the UE accesses E-UTRAN with P-TMSI, the P-TMSI and old RAI shall be mapped into GUTI format. The annex H of TS 23.401 describes the mapping. The following figure depicts the old RAI/P-TMSI (or TLLI) mapping into GUTI:
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Figure 1 Mapping from old RAI/P-TMSI (or TLLI) to GUTI

Note: please note that the mapping from GUTI to old RAI/P-TMSI is not the counter-operation.
2.3 Requirements
There are several requirements from SA2 aspect:
<1>. Eliminating false selection: In current UMTS network, different pool may have the same NRI, so that the RNC may directly select a specific SGSN for a new entrant UE although the SGSN has no UE context. E.g. a UE detached from one pool attaches to another pool with same NRI range. This false selection should be minimized in E-UTRAN.
<2>. Combined node requirement: A UE attached to a combined node moves to another RAT in the same pool can select the original combined node to avoid the unnecessary context retrieval.
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Figure 2 Combined node issue

For example, if one pool holds MMEs, SGSNs and combined nodes, when the UE registered in the MME3 with SGSN functionality as well moves from E-UTRAN to UTRAN which also be governed by the same pool, the UE should be routed to this combined to avoid frequent context retrieval. The following Editor's Note exists in many place of TS 23.401 waiting for being solved:
Editor's Note: It is FFS how the S-TMSI and P-TMSI handling is performed to let RAN select the same CN node for GERAN/UTRAN access as for E-UTRAN access, this to support co-location of the MME function and the SGSN function in one node.

<3>. ISR requirement: an ISR activated UE can be registered to both SGSN and MME which have a relationship that the UE can be routed to the registered node when the UE accesses within the pool to which the registered SGSN or MME belongs to with the accessed RAT or the other RAT's TMSI (P-TMSI or GUTI).
2.4 Solutions
Not considering the situation that the UE may access E-UTRAN with identity mapped actually from old RAI/P-TMSI, the NNSF is like this:
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Figure 3 NNSF, not considering TMSI mapping

If the UE initiates access within the TA which belongs to its registered TA list, the UE can access with S-TMSI which is used for NNSF and the registered MME can be selected according to the MMEC (and selected PLMN-id in case of MOCN). If the UE initiates access within the area out of its registered TA list, in this case the UE may moves out of the original MME pool so that the whole GUMMEI in RRC is needed to avoid the false selection (requirement <1>), and GUTI in NAS is needed to retrieve context from the original MME.
Please note the Random ID in step 1 may change due the LS from CT4 [2].
From the above "single system NNSF", it can be concluded that if the current TA is not registered, the ENB will select a MME according to the whole GUMMEI (and selected PLMN-id in case of MOCN). If no matched MME is found, a new MME will be selected according to load balancing etc.
While if a UE accesses E-UTRAN with identity mapped from old RAI/P-TMSI, take the figure 2 as an example, since MMEGI is mapped from LAC which has no fixed relationship with MMEGI, the ENB may fail to select the combined node according this mapped GUMMEI which actually is MCC + MNC + LAC + NRI.

To solve the above problem, firstly, the combined node or the ISR activated MME/SGSN have the same valued NRI and MMEC, and secondly SA2 differentiate LAC and MMEGI like this (excerpted from annex H of TS 23.401): 

The values of <LAC> and <MME group id> shall be disjoint so that they can be differentiated. It is recommended that 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.

So, if a UE accesses E-UTRAN with identity mapped from old RAI/P-TMSI, the UE will always access like TA not registered case, i.e. the UE carries GUMMEI in RRC which actually is MCC + MNC + LAC + NRI, and GUTI in NAS which actually is old RAI/P-TMSI, and the ENB is aware the GUMMEI is a mapped one due to the most significant bit being zero, so that the ENB will select the MME according to MCC + MNC + NRI, ignoring the LAC. If no matched MME is found, a new MME will be selected according to load balancing etc.
For UE accessing UTRAN with identity mapped from GUTI case, the RNC will select an SGSN according to NRI which is actually MMEC so that combined node or a specific ISR activated SGSN can be found.
3. Conclusion
This paper describes the GUTI and mapping issues and states the requirement from SA2 aspect. Due to the inter RAT identity mapping, there is a NNSF problem that the ENB may fail to find the correct specific MME. A solution is proposed and the corresponding CR is [3]. To reply back the incoming LS [1], Huawei would like to volunteer to draft the Reply LS.
4. Text proposal for 36.401
7.2.10
NAS node selection function
The interconnection of E-UTRAN to multiple MME / S-GWs is supported in the E-UTRAN architecture. Therefore a NAS node selection function is located in the E-UTRAN to determine the MME association of the UE, based on the UE’s temporary identifier, which was assigned to the UE by the MME:
· If the UE accesses the eNB with S-TMSI, the eNB selects an MME according to the selected PLMN and MMEC within the S-TMSI.
· If the UE accesses the eNB with GUMMEI and the GUMMEI most significant bit is one, the eNB selects an MME according to the GUMMEI and selected PLMN; if no matched MME is found, the eNB selects an MME as described in [3] (clause 4.3.8.3).

· If the UE accesses the eNB with GUMMEI and the GUMMEI most significant bit is zero, the eNB selects an MME according to the MMEC and selected PLMN; if no matched MME is found, the eNB selects an MME as described in [3] (clause 4.3.8.3).
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2. RRC Connection Setup (40 bit Random ID)
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