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Short summary of Intra-domain NAS Node Selection Function (NNSF)

This document provides a short review of the NNSF, as proposed by Vodafone in TR 23.cdp [1]. 

This TR basically specifies a new functional entity in the UTRAN, which aims at supporting the connection of multiple intra-domain CN nodes to a single RNC. This functional entity is referred to as NNSF and typically resides in an RNC. 

NNSF is effectively the proposal of Vodafone to support the Iu-Flex concept [2-4]. 

The benefits of Iu-Flex are well-known and include i) drastical reduction of mobility management signaling, ii) more efficient utilization of CN resources, iii) more flexible management (e.g. an SGSN could be removed from the network for upgrade without removing service from a geographical area), etc.

An important characteristic of Iu-Flex is the fact that a given geographical area, or a Routing/Location Area, is not served by a single SGSN/MSC. In fact, several SGSNs/MSCs can be allocated to serve a number of Routing/Location areas. 

NNSF functions

The NNSF entity performs two functions:

1) Initial Assignment: Specific network resources (i.e. an SGSN or an MSC) are assigned to serve a mobile station when it first comes in to the network.

2) Routing: All subsequent NAS messages transmitted from the given mobile should be routed to the CN node, which was previously selected to serve this particular mobile.

Initial Assignment

This is performed when a mobile registers with the PS or CS domain (i.e. when it performs an Attach procedure or a LA procedure). The mobile goes from RRC-IDLE state to RRC-CONNECTED state and subsequently sends an RRC-INITIAL_DIRECT_TRANFER message. This message is used to carry the initial NAS message, i.e. the Attach Request or the LAU Request. When this message is received in the UTRAN, the NNSF selects a CN node to serve the mobile, it establishes an Iu signaling connection with that CN node and then sends a RANAP-INITIAL_UE_MESSAGE over that Iu signaling connection. The NNSF associates the identity of the new Iu signaling connection to the identity of the RRC connection. All subsequent messages received over that RRC connection are routed to the associated Iu signaling connection. Therefore, as long as the RRC connection is active, the mobile communicates with the selected CN node.

For some reason, the Iu signaling connection and the RRC connection may later on be released, although the mobile does not de-register from the PS/CS domain. This will cause all information stored in UTRAN for the given mobile to be erased. At this point the mobile transits to the RRC-IDLE state. 

Routing

Assume that the mobile tries again to perform a signaling procedure with the PS domain. For this purpose, it moves to the RRC-CONNECTED state and sends another RRC-INITIAL_DIRECT_MESSAGE encapsulating a new NAS message (e.g. a Routing Area Update Request). At this point, the NNSF should forward the NAS message to the SGSN previously selected.

The problem
The main problem to implement the routing functionality is that the UTRAN does not know if the mobile has already been assigned to a particular SGSN. To solve this problem, the TR in [1] proposes:

i) For UMTS mobiles (connections through Iu)

A new IE is included in the RRC-INITIAL_DIRECT_MESSAGE, called ‘intra domain NAS node selector.’ Some guidelines for the encoding of this IE have been specified by SA2 in [5], [6]. This IE identifies to the UTRAN the CN node that the mobile has already registered with. In addition, this IE identifies if the mobile has previously been registered (a) in a different PLMN, or (b) in a different LA of the same PLMN or (c) in the same LAI. In case (a), the NNSF ‘knows’ that the mobile station is not registered in a MSC/SGSN within the Area using intra domain NAS node selection and uses its own algorithms to selects a new MSC/SGSN (i.e. performs the Initial Assignment). In case (c) the NNSF knows that the mobile station is registered on the MSC/SGSN identified by the rest of the bits in the ‘intra domain NAS node selector’ field. In case (b) the NNSF uses the whole of the ‘intra domain NAS node selector’ field along with some pre-configured knowledge to determine whether the mobile has ‘an existing MSC/SGSN in the Area using intra domain NAS node selection or not.

The following figure shows an example that corresponds to the above case.
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The ‘intra domain NAS node selector’ that is included in the RRC-INITIAL_DIRECT_TRANFER message has previously been sent to the mobile by the MSC in a NAS message (for instance, in the CM Service Request Accept message).

Note: The ‘intra domain NAS node selector’ is already included in TS 25.331 v3.5.0.

More details about the encoded of the ‘intra domain NAS node selector’ can be found in [5]. This reference suggests the following encoding for the ‘intra domain NAS node selector’:

1)
One bit is used to indicate that the other 15 bits are encoded according to a future release of the 3 GPP specifications. The value indicating the future encoding shall not be sent by an R’99 mobile station. Typically, a future mobile station would only use the future encoding when commanded to do so by, for example, a parameter broadcast on the cell.

2) 
Zero bits to indicate PS or CS domain. This is because the RNC receives this information in another information element in the Initial Direct Transfer message.

3)
Eight bits for a ‘route parameter’

4)
Enough bits to differentiate between the following five cases:

a) 
The “route parameter” is derived from a TMSI allocated in this LA or PTMSI allocated in this RA;

b) 
The “route parameter” is derived from a TMSI allocated in a different LA of the same PLMN or PTMSI allocated in a different RA of the same PLMN;

c) 
The “route parameter” is derived from a TMSI allocated in a different PLMN or PTMSI allocated in a different PLMN;

d) 
The “route parameter” is derived from an IMSI;

e) 
The “route parameter” is derived from an IMEI;

5)
Some spare bits.

Schematically, the ‘intra domain NAS node selector’ IE is shown below:

Encoding (1 bit)
route parameter (8 bits)
Spare bits

Also, in [5] it is suggested that the following rules are used to encode the ‘route parameter’:

1a)
For access to the CS domain when the mobile station has a valid TMSI, the route parameter is set equal to bits 23 to 16 inclusive of the TMSI.

1b)
For access to the PS domain when the mobile station has a valid P-TMSI, the route parameter is set equal to bits 23 to 16 inclusive of the P-TMSI.

2a)
For access to the CS domain when the mobile station has a valid (U)SIM but no valid TMSI, the route parameter is derived from the IMSI. A suggestion is to derive it from digits 12, 13 and 14 of the IMSI (i.e. do not use digit 15).

2b)
For access to the PS domain when the mobile station has a valid (U)SIM but no valid (P)TMSI, the route parameter is derived from the IMSI. A suggestion is to derive it from digits 12, 13 and 14 of the IMSI.

3a)
For access to the CS domain when the mobile station has no valid (U)SIM, the route parameter is derived from the IMEI. A suggestion is to derive it from digits 12, 13 and 14 of the IMEI (ie do not use digit 15).

3b)
For access to the PS domain and the mobile station has no valid (U)SIM, the route parameter is derived from the IMEI. A suggestion is to derive it from digits 12, 13 and 14 of the IMEI. S2 note that there is no R’99 requirement for SIM-less access to the PS domain.

Note: In the above approach, the ‘route parameter’ is used for both the Initial Assignment and the subsequent Routing.

iii) 
For GSM mobiles (R99 and previous releases)
Backward compatibility with all existing GSM mobiles would be possible if, say, the P-TMSI/TLLI is used within the GSM BSC as a ‘route parameter’. As opposed to UTRAN, the GSM BSC analyses all the Initial messages sent from mobiles and, thus, the TMSI/P-TMSI (or other mobile identity) is visible to the BSC. 
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The following figure shows a possible scenario with a GSM mobile.

The following figure shows a scenario with a GSM/GPRS mobile. In this case, the routing decision is taken by the NNSF for every uplink LLC PDU.
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Conclusions

The TR in [1] proposed that, to enable the NNSF function in the UTRAN:

1) A new IE, the ‘intra domain NAS node selector’ will be used for connections over the Iu interface;

2) TMSI or IMSI or IMEI will be used for connections over the A interface; and

3) TLLI will be used for connections over the Gb interface.

With 2), specific pre-configured ranges of TMSIs are assigned to each MSC. An MSC can allocate TMSI values only from within its specified range of TMSIs.

With 3), specific pre-configured ranges of P-TMSIs (or, equivalently, TLLIs) are assigned to each SGSN. An SGSN can allocate P-TMSI values only from within its assigned range of P-TMSIs. 

Question: Is the ‘intra domain NAS node selector’ really needed in UMTS? When a new RRC connection is established, the mobile identifies itself with TMSI or P-TMSI or IMSI, or IMEI (see TS 25.331, sec. 8.5.1). Why NNSF cannot use this Initial UE Identity to perform the Initial Assignment and the Routing?

Could the following scenario work?
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