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Addresses the issues related to mapping of Rel-8 parameters to pre-Rel-8 procedures
Introduction

This contribution discusses interaction with signalling peers supporting pre-Rel-8 specifications and the impact this cause on components supporting 3GPP Rel-8.
Discussion

RAT change from LTE to GERAN / UTRAN

Initial NAS signalling

When a UE attempts to perform an idle mode RAT change from LTE to GERAN/ UTRAN, the UE will appear at the new SGSN by starting either the attach procedure or the routing area update (RAU) procedure.
The UE will at this moment not know if the new SGSN supports 3GPP pre-Rel-8 or 3GPP Rel-8, and the UE is therefore required to perform signalling according to pre-Rel-8 specifications to avoid a procedure failure. The first message of the procedure, the Attach Request or the Routing Area Update Request message, therefore need to adhere to the format specified by 3GPP pre-Rel-8, including the message parameters P-TMSI, old routing area identification (RAI) and the conditionally present a P-TMSI Signature.
To allow normal execution of the pre-Rel-8 attach or RAU procedure, all involved signalling entities must act according to the pre-Rel-8 specification. At an idle mode RAT change from LTE, the MME must then take the role of the old SGSN in the pre-Rel-8 procedure.

Conclusions:
· A UE will always use pre-Rel-8 compatible signalling in the first NAS message to the SGSN supporting GERAN or UTRAN.
· At a RAT change from LTE, the MME node must take the role of the old SGSN.
Parameter mapping

As is described in [1] section 6.5.3 step 2 and section 6.9.2.1 step 2, the new SGSN finds the old node by:

“…

If the new SGSN provides functionality for Intra Domain Connection of RAN Nodes to Multiple CN Nodes, the new SGSN may derive the old SGSN from the old RAI and the old P-TMSI (or TLLI) and send the SGSN Context Request message to this old SGSN. Otherwise, the new SGSN derives the old SGSN from the old RAI. In any case the new SGSN will derive an SGSN that it believes is the old SGSN. This derived SGSN is itself the old SGSN, or it is associated with the same pool area as the actual old SGSN and it will determine the correct old SGSN from the P-TMSI (or TLLI) and relay the message to that actual old SGSN. The old SGSN validates the old P‑TMSI Signature and responds with an appropriate error cause if it does not match the value stored in the old SGSN.
…”

The excerpt from [1] shows that the pre-Rel-8 SGSN will use the contents of the P-TMSI and the old RAI in its attempt to find the old node and the old node use the P-TMSI Signature to validate the request.

However, from the LTE access the UE is only aware of the parameters S-TMSI, S-TMSI integrity protection checksum including sequence number, and a tracking area identity (TAI).
To let the new SGSN determine the old MME, the UE therefore needs to map the S-TMSI, the old TAI and the S-TMSI integrity protection checksum including sequence number into the parameters signalled to the new SGSN, the P-TMSI, the old RAI and the P-TMSI Signature.
In case the new SGSN derive the old MME based on P-TMSI the NRI part of P-TMSI is used. Based on this it’s reasonable to assume that an S-TMSI resembling the NRI characteristics and structure for selecting a CN node is more suitable than using MME colour code.
The MME colour code is not defined by 3GPP and not needed for the discussion.
Conclusions:
· The new SGSN may use both P-TMSI and old RAI to find the old node.
· The UE must map S-TMSI, S-TMSI integrity protection including sequence number and old TAI into the legacy parameters P-TMSI, old RAI and P-TMSI Signature to let the new SGSN determine the old node, the MME.
· It’s reasonable to expect that an S-TMSI resembles the NRI mechanism and characteristics of selecting a CN node.
Co-Location of SGSN function and MME function in one node
Routing of signalling at no MME relocation
When a UE is in state EMM-IDLE the RAN nodes have no UE context for the UE. This means that when the UE is in state EMM-IDLE and the functionality for Intra Domain Connection of RAN Nodes to Multiple CN Nodes (Iu Flex in legacy) is used, an eNodeB do not know which MME that serves a UE.
When a UE under these circumstances connects to an eNodeB to send a NAS message to the MME serving the UE, the eNodeB must therefore route the NAS message based on the information provided as part of the message.
One of the procedures that require the eNodeB to route a NAS message to the MME serving the UE is the Service Request procedure. The Service Request procedure do not include support of MME relocation and the Service Request message do therefore not provide an old TAI. The routing function in eNodeB is therefore need other means to route the NAS Service Request message to the MME serving the UE.

In a UTRAN access the UE starts the Service Request procedure by sending the NAS Service Request message. The routing function in the UTRAN node use the NRI-part of the P-TMSI to determine the serving SGSN when Iu Flex is deployed.
The NAS routing function in legacy RAN accesses use the NRI to select the correct node in case the functionality for Intra Domain Connection of RAN Nodes to Multiple CN Nodes is used.

Conclusions:

· The eNodeB routing function may use the S-TMSI as input to find the MME that serves a UE. 
Minimizing CN signalling at RAT change

At co-location of SGSN function and MME function into the same CN node and when, at the same time, the functionality for Intra Domain Connection of RAN Nodes to Multiple CN Nodes is used, the UTRAN use NRI-routing to determine the CN node with the SGSN function serving the UE.
To minimize inter CN node signalling at a RAT change the E-UTRAN routing should determine the same CN node with the MME function serving the UE in LTE access.

Conclusion:

· The inter CN node signalling, including HSS interaction, is less extensive when the UE context remain in the same CN node at a RAT change.
· The routing function in the RAN node should be able to route to the same node regardless if the UE use the LTE access or the GERAN/UTRAN access.

Details of pre_Rel-8 parameter characteristics

There are a number of subtle characteristics of pooling that are part of the discussion. Some extracts from legacy specifications is provided as a reference for a continued discussion.
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Interoperation with legacy

 - Procedure support

		A UE should be able to perform the attach procedure based on S-TMSI to a pre-Rel-8 SGSN



		A UE should be able to perform the idle mode IRAT RAU procedure to move from LTE to pre-Rel-8 2G/3G



		Co-location of SGSN function and MME function in one node should be possible









Top right       corner  for        field-mark, customer or partner logotypes.     See Best practice for example.


Slide title 
40 pt

Slide subtitle 
24 pt


Text
 24 pt
Bullets level 2-5
20 pt

Ericsson Confidential

2007-05-30

*



Interoperation with legacy

 - a presentation of legacy parameters

		Mobility related parameters in legacy are





P-TMSI:

The temporary UE identifier part

The CN node identifer part (NRI)

P-TMSI Signature

Old Routing Area



		The three parameters are available from UE at NAS signalling in the Attach procedure and the Routing Area Update procedure







Top right       corner  for        field-mark, customer or partner logotypes.     See Best practice for example.


Slide title 
40 pt

Slide subtitle 
24 pt


Text
 24 pt
Bullets level 2-5
20 pt

Ericsson Confidential

2007-05-30

*



Interoperation with legacy

 - a presentation of legacy parameters

		The following slides will in more detail deal with the parameters.



		The references used are the following stage 2 technical specifications (TS):





23.003 Numbering, addressing and identification



23.060 General Packet Radio Service (GPRS)



23.236 Intra-domain connection of Radio Access Network (RAN)nodes to multiple Core Network (CN) nodes



		In addition, the stage 3 TS of NAS signalling (24.008) is also referenced.
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Interoperation with legacy

 - legacy parameters,  P-TMSI scope of uniqueness

		In case of overlapping pools the scope of uniqueness is the area covered by the overlapping pools.



Extract from TS 23.060, section 5.8 “Functionality for Intra Domain Connection of RAN Nodes to Multiple CN Nodes”:





….

The routing mechanism in both the SGSNs and the RAN nodes utilises the fact that every SGSN that serves a pool area must have its own unique value range of the P-TMSI parameter within the pool area. 

….
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Interoperation with legacy

 - legacy parameters,  P-TMSI structure





Extract from TS 23.003, section 2.4 “Structure of TMSI”



….

In areas where both MSC-based services and SGSN-based services are provided, some discrimination is needed between the allocation of TMSIs for MSC-based services and the allocation of TMSIs for SGSN-based services. The discrimination shall be done on the 2 most significant bits, with values 00, 01, and 10 being used by the VLR, and 11 being used by the SGSN.



If intra domain connection of RAN nodes to multiple CN nodes as described in 3GPP TS 23.236 [23] is applied in the MSC/VLR or SGSN, then the NRI shall be part of the TMSI. The NRI has a configurable length of 0 to 10 bits. A configurable length of 0 bits indicates that the NRI is not used and this feature is not applied in the MSC/VLR or SGSN. The NRI shall be coded in bits 23 to 14. An NRI shorter than 10 bits shall be encoded with the most significant bit of the NRI field in bit 23.

….
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Interoperation with legacy

 - legacy parameters,  NRI-part of P-TMSI   (1)

		Information provided by the TS 23.236,

section 4.3 “Pool-Area and Network Resource Identification”:





The Network Resource Identifier (NRI) identifies uniquely an individual CN node out of all CN nodes.



The length of the NRI shall be the same in all nodes of a domain in one pool-area.



In areas where pool-areas overlap the NRI identifies uniquely a CN node out of all CN nodes, which serve all these overlapping pool-areas.



In case of overlapping pool-areas the NRI length shall be configured to be the same in all the nodes of a specific domain serving these pool-areas.



More than one NRI may be assigned to a CN node.
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Interoperation with legacy

 - legacy parameters,  NRI-part of P-TMSI   (2)

		(continued from previous slide):





In Iu mode the MS provides an Intra Domain NAS Node Selector (IDNNS) in the AS part of the RRC-Initial-direct-transfer message to the RAN node (RNC or BSC). The IDNNS contains a routing parameter which is used to transport the NRI value.



In A/Gb-mode for the Gb interface the RAN node derives the NRI from the TLLI. The RAN node masks the significant bits out of the TLLI to determine the NRI, which identifies the CN node.



It is configured in the RAN node which bits out of the information elements provided by the MS that are significant for the NRI.



The NRI is coded in bits 23 to 14 of TMSI or P-TMSI. Regardless of the NRI length the most significant bit of the NRI is always in bit 23 of TMSI or P-TMSI.



The change of a pool-area is not visible to the MS.



It may be advantageous for load balancing purposes to detect pool-area changes in the network to distribute MSs entering a pool-area to CN nodes with an appropriate load status.
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Interoperation with legacy

 - legacy parameters,  P-TMSI Signature

		Information provided by the TS 23.003,

section 2.7 “Structure of P-TMSI Signature”:





The P-TMSI Signature consists of 3 octets and may be allocated by the SGSN.



The network shall not allocate a P-TMSI Signature with all 24 bits equal to 1 (this is because the P-TMSI Signature must be stored in the SIM, and the SIM uses 3 octets with all bits equal to 1 to indicate that no valid P-TMSI signature is available. 
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Interoperation with legacy

 - legacy parameters,  old RAI

		Extract from 23.003 section 4:



		The RAI is composed of:



MCC

MNC

LAC	16 bits

RAC    8 bits





Top right       corner  for        field-mark, customer or partner logotypes.     See Best practice for example.


Slide title 
40 pt

Slide subtitle 
24 pt


Text
 24 pt
Bullets level 2-5
20 pt

Ericsson Confidential

2007-05-30

*



Interoperation with legacy

 - identifying ”old” CN node by RAU procedure

		Extract from 23.060,

section 6.9.1.2.2 “Inter SGSN Routeing Area Update”, step 2, and

section 6.5.3 “Combined GPRS / IMSI Attach procedure”:





...

If the new SGSN provides functionality for Intra Domain Connection of RAN Nodes to Multiple CN Nodes, the new SGSN may derive the old SGSN from the old RAI and the old P-TMSI (or TLLI) and send the SGSN Context Request message to this old SGSN.



Otherwise, the new SGSN derives the old SGSN from the old RAI.



In any case the new SGSN will derive an SGSN that it believes is the old SGSN. This derived SGSN is itself the old SGSN, or it is associated with the same pool area as the actual old SGSN and it will determine the correct old SGSN from the P-TMSI (or TLLI) and relay the message to that actual old SGSN. 

...
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Interoperation with legacy

 - legacy parameters, size contraints

		P-TMSI



The contraints from TLLI shows that the P-TMSI in 2G is limited to 30 bits (local or foreign TLLI)

In 3G the length is also limited to 30 bits

A value of $FFFFFFFF is reserved and may not be used



		P-TMSI Signature



The 24 bits are available

A value of $FFFFFF is reserved and may not be used
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Interoperation with legacy

 - legacy parameters, size contraints

		Old RAI



The 24 bits of the combination of LAC and RAC are available

A few explicit values of the LAC component are reserved and may not be used
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New parameters in EPS

		The P-TMSI, P-TMSI Signature and old RAI are replaced:





S-TMSI replaces the P-TMSI

S-TMSI integrity protection replaces P-TMSI Signature

Old TAI replaces the old RAI
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New parameters in EPS

		S-TMSI according to 23.401, 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.

For paging, The S-TMSI identifies both the user and the serving MME. 

For NAS signalling, the S-TMSI, sometimes in combination with the TAI identifies the UE. It is FFS if and when the TAI is also needed to identify the UE.

Within the S-TMSI, one field contains the identifier of the MME (e.g. MME colour code or NRI or others to identify MME is FFS) that allocated the S-TMSI. The identifier of MME is needed to ensure that the S-TMSI remains unique in a tracking area shared by multiple MMEs.

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

NOTE:	The combination of Tracking Area Code +MME Colour Code provides an MME identifier that is unique within the PLMN. (FFS) 





Top right       corner  for        field-mark, customer or partner logotypes.     See Best practice for example.


Slide title 
40 pt

Slide subtitle 
24 pt


Text
 24 pt
Bullets level 2-5
20 pt

Ericsson Confidential

2007-05-30

*



New parameters in EPS

 - changed characteristics

		It’s a working assumption that the value range of the S-TMSI need to be larger than that of the P-TMSI.



The P-TMSI is using 30 bits for its representation

The S-TMSI is estimated to need (at least) 40 bits



		It’s a working assumption that the P-TMSI Signature could be replaced by an integrity protection checksum, most likely including a sequence number to prevent from replay attacks.



P-TMSI Signature is using 24 bits

S-TMSI chksum (incl.SN). The space needed might be reduced to 14 bits or 16 bits (see LS S2-074791 to SA3).
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New parameters in EPS

 - changed characteristics

		The structure of TAI is defined as:

TAI = MCC + MNC + TAC



		To have the TAI mapped into the old RAI the TAC component is limited to 24 bits.



		The old SGSN could be configured to use the TAI mapped into old RAI.



		Part of the TAC range could possibly be reserved for future use, perhaps 8 bits of the 24 bits available ?
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Interoperation with legacy

 - legacy parameters, the TLLI (used by GERAN)

		Extracts from 23.003 section 2.6 Structure of TLLI



Table 1: TLLI structure

'T', 'R', 'A' and 'X' indicate bits which can take any value for the type of TLLI. More precisely, 'T' indicates bits derived from a P-TMSI, 'R' indicates bits chosen randomly, 'A' indicates bits chosen by the SGSN, 'G' indicates bits derived from the assigned G-RNTI and 'X' indicates bits in reserved ranges.

- A TLLI is built by the MS or by the SGSN either on the basis of the P-TMSI (local or foreign TLLI), or directly (random or auxiliary TLLI)

		31		30		29		28		27		26 to 0		Type of TLLI

		1		1		T		T		T		T		Local TLLI

		1		0		T		T		T		T		Foreign TLLI

		0		1		1		1		1		R		Random TLLI

		0		1		1		1		0		A		Auxiliary TLLI

		0		1		1		0		X		X		Reserved

		0		1		0		X		X		X		Reserved

		0		0		0		0		G		G		Part of the assigned G-RNTI

		0		0		0		1		R		R		Random G-RNTI 
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