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1 Introduction
The introduction of the GUTI concept in EPS leaves some issues unresolved: 
· How to route signalling from a 2G/3G/eUTRAN UE to one and the same combined SGSN/MME serving the UE when Iu/Gb/S1-flex is used and either P-TMSI or GUTI has been provided to the UE
The contribution discusses these and related issues and proposes a solution. 
2 Discussion
2.1 Finding a combined Gb/Iu-flex SGSN and MME using GUTI and P-TMSI
In TS 23.401 section 5.3.3.2 on E-UTRAN Tracking Area Update the two following editor’s notes are present: 
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.

Editor's Note:
It is FFS whether and how an S-TMSI is derived from the P-TMSI. It is also FFS whether this facilitates the collocated MME/SGSN or whether additional information is used for this.

The basic problem is twofold: 
· For the eNodeB to select the MME co-located with the SGSN currently serving the UE when the UE moves from UTRAN/GERAN to eUTRAN access within the service area of the combined node. 
· For the BSS/RNS to select the SGSN co-located with the MME currently serving the UE when the UE moves from eUTRAN to UTRAN/GERAN access within the service area of the combined node. 
2.2 Issues from UE uncertainty of actual scenario
The UE is not in advance aware of the kind of core network node that is target of the NAS signalling
When the UE sends a NAS 2G/3G Attach Request message the UE is not aware of if the SGSN is: 
· A pre-Rel-8 SGSN or a Rel-8 SGSN
· An SGSN part of an SGSN Pool or a standalone SGSN
· An SGSN part of a co-located MME/SGSN or a standalone node
The UE therefore needs to send the Attach Request with a parameter setting that is applicable to the scenarios
When a UE sends a NAS RAU Request message to indicate a change in routing area or a RAT change, the UE is not aware of if the new routing area is handled by
· A new SGSN or if it remains handled by the same SGSN
· In case of a new SGSN, if the new SGSN is a pre-Rel-8 SGSN or a Rel-8 SGSN
· In case of a new SGSN, if the SGSN is part of an SGSN Pool or a standalone SGSN
· In case of a new SGSN, if the SGSN is part of a co-located MME/SGSN or a standalone node
Also in this scenario the UE needs to send the NAS message with a parameter setting that is applicable to the scenarios
2.2.1 Constraints regarding NRI

The NRI is used by the BSC / RNC to route UE signalling to the SGSN in an SGSN Pool where the the UE is registered. The NRI length is defined per SGSN Pool and is configured by the RAN and CN nodes.

The NRI is also used to select the same node in case of co-located MME/SGSN when the UE is performing a RAT change from E-UTRAN to GERAN or UTRAN. 
The use of NRI and its length is transparent to the UE.

Since the UE isn't aware of if SGSN Pool is used or not, the UE need to ensure that all bits reserved for NRI use in the P-TMSI are provided intact.

2.2.2 Constraints from interaction with legacy core network SGSNs

Since the UE could be signalling towards a pre-Rel-8 SGSN it needs to map the GUTI parameter into the legacy parameters P-TMSI, old RAI and P-TMSI Signature when performing a RAT change from E-UTRAN to GERAN / UTRAN.
Mapping is needed since a pre-Rel-8 SGSN does not know about MME nodes, yet it needs to be able to get the UE context from the CN node where the UE is registered in order to avoid a fall-back to an IMSI-based attach. 
Some schemes of how mapping could be performed is described by the informative Annex H of 3GPP TS 23.401. 
2.3 Issues with mapping
As shown above, mapping of GUTI into legacy parameters is needed to fulfill signalling constraints at signalling towards a pre-Rel-8 SGSN.
However, there are issues with mapping in combination with a node that provides co-location of MME/SGSN. 
2.3.1 Mapping of GUTI into legacy parameters when used to return to the SGSN-part of a node with co-located MME/SGSN
· Issues from mapping M-TMSI into P-TMSI

1)

Part of the P-TMSI is reserved for use to NRI. The RAN node uses the NRI to route to correct SGSN.
To allow the RAN node to select the same core network node regardless of 3GPP RAT the SGSN Selection function and MME Selection function needs to be coordinated.
One way to achieve this is to coordinate NRI length and values with the length and values used for MME Code.
The MME Code is defined to 8 bits and here it's, for the reason of simplicity of mapping, assumed that the variable length of NRI is locked to 8 bits of length to allow a simple mapping between the two.

The impact from reserving 8 bits for NRI is that the P-TMSI is limited to 22 bits for mapping bits from the M-TMSI (32  bits M-TMSI, 30 bits P-TMSI, 8 bits reserved for NRI).
The 10 bits from the M-TMSI that do not fit mapping into P-TMSI could possibly instead be mapped into the P-TMSI Signature parameter.
However, this would impact / restrict the normal use of P-TMSI Signature.
2)
Most of the M-TMSI fits into the P-TMSI.
However, the receiving SGSN cannot from decoding the P-TMSI parameters detect if the P-TMSI contains a partial M-TMSI or an ordinary P-TMSI.

· Issues from mapping of GUMMEI into old RAI

The SGSN uses the old RAI to identify if the UE is foreign or already registered by the SGSN Pool.
This means that the value of GUMMEI must be coordinated with the value of old RAI.

2.3.2 Mapping of legacy parameters into a GUTI parameter to allow finding the MME-part of a node with co-located MME/SGSN

· Issues from mapping old RAI into GUMMEI

The eNodeB uses the GUMMEI to identify if the UE is foreign or already registered by the MME Pool.
When mapping old RAI into GUMMEI this means that the values of old RAI must be coordinated with the value of GUMMEI.
· Issues from mapping of P-TMSI into M-TMSI

The difference in range / bit length could be resolved by defining a P-TMSI compatible M-TMSI. That would allow the MME to identify that the M-TMSI contains a mapped P-TMSI and that the UE context is registered by the SGSN that is part of the co-located MME/SGSN.

However, that would limit the M-TMSI range to 30 bits.
· Issues from mapping of P-TMSI Signature
It's not possible to do by mapping to the GUTI without extending its length with additional 24 bits.
The GUTI  use 48 bits for GUMMEI and 32 bits for M-TMSI, a total of 80 bits.
The P-TMSI use 30 bits and the old RAI use 48 bits, a total of 78 bits.
In addition, the P-TMSI Signature require 24 bits.
The E-UTRAN access needs an additional parameter besides the GUTI parameters to provide the information carried by the P-TMSI Signature.
2.4 Additional mechanisms than merely parameter mapping
One solution to support co-location of MME/SGSN is to signal the legacy parameters as explicit parameters in the E-UTRAN NAS mobility messages of E-UTRAN.
The impact on the UE and CN node would be to always apply the following set of rules:

1. When the legacy parameters P-TMSI, old RAI and P-TMSI Signature are known by the UE they are used as explicit parameters in the NAS messages GERAN/UTRAN Attach Request and RAU Request.
If the legacy parameters are not known the UE instead provides a GUTI mapped into the legacy parameters.
2. When the GUTI parameter is known by the UE it's used as an explicit parameter in the NAS messages E-UTRAN Attach Request and TAU Request.
If the GUTI is not known the UE instead provides the legacy parameters explicitly (not mapped).
3. If no temporary identifier is known by the UE it instead performs an IMSI-based attach.
4. When the co-located MME/SGSN sends an Attach Accept, a RAU Accept, a TAU Accept or a GUTI Reallocation Command NAS message, then the CN node provides both GUTI and legacy parameters.

5. The UE stores and uses all temporary identifiers (GUTI, TAI List, P-TMSI, old RAI, P-TMSI Signature) received by the same message.

6. The UE no longer stores a GUTI and TAI List when the UE receives a NAS message that updates legacy parameters only.

7. The UE no longer stores the legacy parameters P-TMSI, old RAI and P-TMSI Signature when the UE receives a NAS message that updates the GUTI and TAI List only.

8. The UE may apply ISR signalling behavior when it's registered at a node with co-located MME/SGSN.

Some analysis that illustrates the NAS signalling flows when the rules are applied:

[image: image1.emf]Co-location of MME &  SGSN.ppt


3 Conclusion
Mapping between the GUTI and the legacy parameters P-TMSI, old RAI and P-TMSI Signature is not sufficient to support interaction with a node with a co-located MME/SGSN.

A combination of mapping and simultaneous use to both GUTI and the legacy parameters P-TMSI, old RAI and P-TMSI Signature provides sufficient support.

Apply the rules defined by section 2.4 to resolve the issues.

4 Proposal
It is proposed that the above parameter handling is discussed. If the conclusions in section 3 above can be agreed, Ericsson undertakes to write the needed CR to TS 23.401 (and to 23.060 if needed). 
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Signalling scenarios and parameter handling

		Scenarios considered:



1. UE have both P-TMSI + old RAI + P-TMSI Signature (PRS) and GUTI

2. UE have PRS only

3. UE have GUTI only



A. UE is registered at a standalone MME and moves to MME of a combo node

B. UE is registered at a standalone MME and moves to SGSN of a combo node

C. UE is registered at a standalone SGSN and moves to MME of a combo node

D. UE is registered at a standalone SGSN and moves to SGSN of a combo node

E. UE is registered at a combo node and moves to a standalone SGSN

F. UE is registered at a combo node and moves to a standalone MME

G. UE attaches to SGSN of a combo node

H. UE attaches to MME of a combo node

I. UE is registered at a combo node and moves to MME of a new combo node

J. UE is registered at a combo node and moves to SGSN of a new combo node



		14 combinations have been evaluated from the list above:

A3, B3, C2, D2, E1, F1, G1, G2, G3, H1, H2, H3, I1, J1
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Signalling scenarios and parameter handling

		A3: UE is registered at a standalone MME and moves to MME of a combo node, UE have GUTI only





TAU Request( GUTI )

eNodeB selects an arbitrary MME (co-located with an SGSN)

The new MME use GUTI to find previous CN node

UE context is moved to MME of the combo node, both GUTI and PRS are allocated by the combo node

TAU Accept( GUTI, TAI List, PRS )

UE stores the received parameters

UE changes RAT to 2G or 3G.

RAU Request( PRS, ”ISR synch need” )

RNC / BSC routes to the combo node based on NRI in PRS

RAU Accept( PRS, ISR )

UE stores the received parameters

ISR is applied by the UE
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Signalling scenarios and parameter handling

		B3: UE is registered at a standalone MME and moves to SGSN of a combo node, UE have GUTI only





UE maps the GUTI into PRS

RAU Request( PRS )

The RAN node selects an arbitrary SGSN (co-located with an MME)

The new SGSN use PRS to find previous CN node

UE context is moved to SGSN of the combo node, both GUTI and PRS are allocated by the combo node

RAU Accept( PRS, GUTI )

UE stores the received parameters

UE changes RAT to LTE

TAU Request( GUTI, ”ISR synch need” )

eNodeB routes to the combo node based on GUTI

TAU Accept( GUTI, TAI List, ISR )

UE stores the received parameters

ISR is applied by the UE
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Signalling scenarios and parameter handling

		C2: UE is registered at a standalone SGSN and moves to MME of a combo node, UE have PRS only





The UE have no GUTI, only PRS

TAU Request( ”null-GUTI”, PRS )

eNodeB selects an arbitrary MME (co-located with an SGSN)

The new MME use PRS to find previous CN node

UE context is moved to MME of the combo node, both GUTI and PRS are allocated by the combo node

TAU Accept( GUTI, TAI List, PRS )

UE stores the received parameters

UE changes RAT to 2G or 3G.

RAU Request( PRS, ”ISR synch need” )

RNC / BSC routes to the combo node based on NRI in PRS

RAU Accept( PRS, ISR )

UE stores the received parameters

ISR is applied by the UE
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Signalling scenarios and parameter handling

		D2: UE is registered at a standalone SGSN and moves to SGSN of a combo node, UE have PRS only





RAU Request( PRS )

The RAN node selects an arbitrary SGSN (co-located with an MME)

The new SGSN use PRS to find previous CN node

UE context is moved to SGSN of the combo node, both GUTI and PRS are allocated by the combo node

RAU Accept( PRS, GUTI )

UE stores the received parameters

UE changes RAT to LTE

TAU Request( GUTI, ”ISR synch need” )

eNodeB routes to the combo node based on GUTI

TAU Accept( GUTI, TAI List, ISR )

UE stores the received parameters

ISR is applied by the UE
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Signalling scenarios and parameter handling

		E1: UE is registered at a combo node and moves to a standalone SGSN, UE have both PRS and GUTI





RAU Request( PRS )

The RAN node selects an arbitrary SGSN

The new SGSN use PRS to find previous CN node

UE context is moved to the new SGSN, new values of PRS are allocated by the SGSN

RAU Accept( PRS )

UE stores the received PRS and deletes the GUTI + TAI List

ISR is no longer applied by the UE
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Signalling scenarios and parameter handling

		F1: UE is registered at a combo node and moves to a standalone MME, UE have both PRS and GUTI





TAU Request( GUTI )

eNodeB selects an arbitrary MME

The new MME use GUTI to find previous CN node

UE context is moved to the new MME, a new value for GUTI is allocated by the MME

TAU Accept( GUTI, TAI List )

UE stores the received parameters and deletes the PRS

ISR is no longer applied by the UE
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Signalling scenarios and parameter handling

		G1: UE attaches to SGSN of a combo node, UE have both PRS and GUTI





2G/3G Attach Request( PRS )

The RAN node selects an arbitrary SGSN (co-located with an MME)

The new SGSN use PRS to find previous CN node

UE context is moved to SGSN of the combo node, both GUTI and PRS are allocated by the combo node

Attach Accept( PRS, GUTI )

UE stores the received parameters

UE is attached in 2G/3G and prepared to apply ISR
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Signalling scenarios and parameter handling

		G2: UE attaches to SGSN of a combo node, UE have PRS only





2G/3G Attach Request( PRS )

The RAN node selects an arbitrary SGSN (co-located with an MME)

The new SGSN use PRS to find previous CN node

UE context is moved to SGSN of the combo node, both GUTI and PRS are allocated by the combo node

Attach Accept( PRS, GUTI )

UE stores the received parameters

UE is attached in 2G/3G and prepared to apply ISR
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Signalling scenarios and parameter handling

		G3: UE attaches to SGSN of a combo node, UE have GUTI only





UE maps GUTI into PRS

2G/3G Attach Request( PRS )

The RAN node selects an arbitrary SGSN (co-located with an MME)

The new SGSN use PRS to find previous CN node

UE context is moved to SGSN of the combo node, both GUTI and PRS are allocated by the combo node

Attach Accept( PRS, GUTI )

UE stores the received parameters

UE is attached in 2G/3G and prepared to apply ISR
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Signalling scenarios and parameter handling

		H1: UE attaches to MME of a combo node, UE have both PRS and GUTI





LTE Attach Request( GUTI )

eNodeB selects an arbitrary MME (co-located with an SGSN)

The new MME use the appropriate identifier(s), the GUTI or the PRS, to find previous CN node

UE context is moved to MME of the combo node, both GUTI and PRS are allocated by the combo node

Attach Accept( GUTI, TAI List, PRS )

UE stores the received parameters

UE is attached in LTE and prepared to apply ISR
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Signalling scenarios and parameter handling

		H2: UE attaches to MME of a combo node, UE have PRS only





The UE have no GUTI, only PRS

LTE Attach Request( ”null-GUTI”, PRS )

eNodeB selects an arbitrary MME (co-located with an SGSN)

The new MME use PRS to find previous CN node

UE context is moved to MME of the combo node, both GUTI and PRS are allocated by the combo node

Attach Accept( GUTI, TAI List, PRS )

UE stores the received identifiers

UE is attached in LTE and prepared to apply ISR
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Signalling scenarios and parameter handling

		H3: UE attaches to MME of a combo node, UE have GUTI only





LTE Attach Request( GUTI )

eNodeB selects an arbitrary MME (co-located with an SGSN)

UE context is moved to MME of the combo node, both GUTI and PRS are allocated by the combo node

Attach Accept( GUTI, TAI List, PRS )

UE stores the received identifiers

UE is attached in LTE and prepared to apply ISR
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Signalling scenarios and parameter handling

		I1: UE is registered at a combo node and moves to an MME of a new combo node, UE have both PRS and GUTI





TAU Request( GUTI )

eNodeB selects an arbitrary MME (co-located with an SGSN)

The new MME use GUTI to find previous CN node

UE context is moved to MME of the combo node, both GUTI and PRS are allocated by the combo node

TAU Accept( GUTI, TAI List, PRS )

UE stores the received parameters

UE changes RAT to 2G or 3G.

RAU Request( PRS, ”ISR synch need” )

RNC / BSC routes to the combo node based on NRI in PRS

RAU Accept( PRS, ISR )

UE stores the received parameters

ISR is applied by the UE
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Signalling scenarios and parameter handling

		J1: UE is registered at a combo node and moves to an SGSN of a new combo node, UE have both PRS and GUTI





RAU Request( PRS )

The RAN node selects an arbitrary SGSN (co-located with an MME)

The new SGSN use PRS to find previous CN node

UE context is moved to SGSN of the combo node, both GUTI and PRS are allocated by the combo node

RAU Accept( PRS, GUTI )

UE stores the received parameters

UE changes RAT to LTE

TAU Request( GUTI, ”ISR synch need” )

eNodeB routes to the combo node based on GUTI

TAU Accept( GUTI, TAI List, ISR )

UE stores the received parameters

ISR is applied by the UE
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Signalling scenarios and parameter handling

		Rules / patterns identified by the scenarios:





The UE provides the PRS or GUTI that is applicable to the access in which it’s signalling.



When the UE only have PRS and enters LTE then it provides double set of parameters, a ”null-GUTI” and explicit PRS parameter



When the UE only have GUTI and enters 2G/3G then it provides PRS with values mapped  from GUTI. Mapping is done to provide backwards compatiblity when the the SGSN is a pre-Rel-8 SGSN



The UE stores two sets of parameters when it is registered at a node with co-located MME/SGSN



To assist in routing NAS messages back to a node with co-located MME/SGSN the NAS Accept messages in both legacy and LTE provides the temporary identifiers of both accesses.



ISR is provided by the node with co-located MME/SGSN



The signalling to serve ISR could be further reduced in case the UE is provided with both a TAI List and a RAI by the NAS Accept message. ISR would in that case be active immediately.

For this to work the MME and SGSN of the node with co-located MME/SGSN must have information about correlated tracking areas and routing areas. This could be provided by the eNodeB which should have this information to support SR VCC.
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