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11.2.1
Access to Internet, Intranet or ISP through Packet Domain

The access to Internet, Intranet or ISP may involve specific functions such as : user authentication, user's authorization, end to end encryption between MS and Intranet/ISP, allocation of a dynamic address belonging to the PLMN/Intranet/ISP addressing space, IPv6 address autoconfiguration, etc.

For this purpose the Packet Domain may offer:

-
either direct transparent access to the Internet; or

-
a non transparent access to the Intranet/ISP. In this case the Packet Domain, i.e. the GGSN, takes part in the functions listed above.

The mechanisms for host configuration and user authentication described in this section and its sub-sections are only applicable to the activation of the first context activated for a specific PDP address (using the ‘PDP Context Activation Procedure’). The activation of any subsequent PDP contexts for that PDP address, using the ‘Secondary PDP Context Activation Procedure’, as well as the use of TFTs, is described in 3GPP TS 23.060.

11.2.1.1
Transparent access to the Internet


[image: image1.wmf]DNS

DHCP

GGSN

Packet Domain

Network

Firewall /

Proxy

Gi

Reference

Point

External IP

Network

Operator

specific

IP

Network


Figure 9: Example of the PDN Interworking Model, transparent case

In this case (see figure 9):

-
the MS is given an address belonging to the operator addressing space. The address is given either at subscription in which case it is a static address or at PDP context activation in which case it is a dynamic address. This address is used for packet forwarding between the Internet and the GGSN and within the GGSN. With IPv6, either Stateless or Stateful Address Autoconfiguration can be used to assign an IPv6 address to the MS. These procedures are as described in the IPv6 non-transparent access case except that the addresses belong to the operator addressing space.   
-
the MS need not send any authentication request at PDP context activation and the GGSN need not take any part in the user authentication/authorization process.

The transparent case provides at least a basic ISP service. As a consequence of this it may therefore provide a bearer service for a tunnel to a private Intranet.

NB The remainder of this subclause deals with this specific case.

-
The user level configuration may be carried out between the TE and the intranet, the Packet Domain network is transparent to this procedure.

The used protocol stack is depicted in figure 10.
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Figure 10: Transparent access to an Intranet

The communication between the PLMN and the Intranet may be performed over any network, even an insecure network e.g. the Internet. There is no specific security protocol between GGSN and the Intranet because security is ensured on an end to end basis between MS and the intranet by the «Intranet protocol».

User authentication and encryption of user data are done within the «Intranet protocol» if either of them is needed. This «Intranet protocol» may also carry private (IP) addresses belonging to the address space of the Intranet.

An example of an «Intranet protocol» is IPsec (see RFC 1825). If IPsec is used for this purpose then IPsec authentication header or security header may be used for user (data) authentication and for the confidentiality of user data (see RFC 1826 and RFC 1827). In this case private IP tunnelling within public IP takes place.

11.2.1.2
IPv4 Non Transparent access to an Intranet or ISP

 In this case:

-
the MS is given an address belonging to the Intranet/ISP addressing space. The address is given either at subscription in which case it is a static address or at PDP context activation in which case it is a dynamic address. This address is used for packet forwarding within the GGSN and for packet forwarding on the Intranet/ISP. This requires a link between the GGSN and an address allocation server, like Radius, DHCP, …, belonging to the Intranet/ISP;

-
the MS shall send an authentication request at PDP context activation and the GGSN requests user authentication from a server, like Radius, DHCP, …, belonging to the Intranet/ISP;

-
the protocol configuration options are retrieved (if requested by the MS at PDP context activation) from some server (Radius or DHCP, …) belonging to the Intranet/ISP;

· the communication between the  Packet Domain and the Intranet/ISP may be performed over any network, even an insecure e.g. the Internet. In case of an insecure connection between the GGSN and the Intranet/ISP there may be a specific security protocol in between. This security protocol is defined by mutual agreement between PLMN operator and Intranet/ISP administrator.
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Figure 11a: Signalling plane of non transparent case

The following description bullet items describe the signal flow.

1)
The TE sends an AT-command to the MT to set up parameters and enter PPP mode. The MT responds with an AT-response.

2)
LCP negotiates Maximum-Receive-Unit and authentication protocol. The negotiated authentication protocol is, either CHAP, PAP or 'none'. The MT shall try to negotiate for CHAP as first priority.

3)
If the negotiated authentication protocol is either of CHAP or PAP, the TE authenticates itself towards the MT by means of that protocol. The MT stores the necessary authentication data and sends a forced positive acknowledgement of the authentication to the TE.

4)
The TE requests IP configuration by sending the IPCP Configure-Request message to the MT indicating either the static IP address that shall be used or that an IP-address shall be dynamically allocated.

5)
The MT sends the Activate PDP context request message to the SGSN, including the Protocol Configuration Options. The SGSN sends the Create PDP context req message to the chosen GGSN including the unmodified Protocol Configuration Options.

6)
The GGSN deduces from the APN:

-
the server(s) to be used for address allocation, authentication and protocol configuration options retrieval;

-
the protocol like Radius, DHCP, … to be used with this / those server(s);

-
the communication and security feature needed to dialogue with this / those server(s) e.g. tunnel, IPSec security association, dial-up connection (using possibly PPP), …


As an example the GGSN may use one of the following options:

-
RADIUS for authentication and IP-address allocation.. The RADIUS server responds with either an Access-Accept or an Access-Reject to the RADIUS client in the GGSN;

-
RADIUS for authentication and DHCP for host configuration and address allocation. The RADIUS server responds with either an Access-Accept or an Access-Reject to the RADIUS client in the GGSN. After a successful authentication, the DHCP client discovers the DHCP server(s) in the ISP/Intranet and receives host configuration data.

-
If the received Protocol Configurations Options IE contains a PPP IPCP Configure-Request packet, the GGSN shall analyse all the contained IPCP options and their requested values. In accordance with the relevant PPP [21] the GGSN shall respond with the following messages:
-
zero or one PPP IPCP Configure-Reject packet containing options not supported and options which values cannot be returned;

-
zero or one PPP IPCP Configure-Nak packet containing  options that are supported but has requested values that are incorrect/unsupported; and

-
zero or one PPP IPCP Configure-Ack packet containing options that are supported and has requested values that are correct/supported.


Any returned PPP IPCP packets shall be contained in the Protocol Configurations Options IE.
7)
The GGSN sends back to the SGSN a Create PDP Context Response message, containing the Protocol Configuration Options IE. The cause value shall be set according to the outcome of the host -authentication and -configuration. .  A PDP context activation shall not be rejected solely due to the presence of unsupported or incorrect PPP IPCP options or option values, received from the MS in the Protocol Configurations Options IE. The MS may however later decide to immediately deactivate the activated PDP context due to the information received in the Protocol Configurations Options IE received from the network.
8)
Depending on the cause value received in the Create PDP Context Response the SGSN sends either an Activate PDP Context Accept or an Activate PDP Context Reject, to the MS.


If Protocol Configuration Options are received from the GGSN, the SGSN shall relay those to the MS. The MT sends either the configuration-ack packet (e.g. IPCP Configure Ack in PPP case), the configure-nack packet in case of dynamic address allocation (e.g. IPCP Configure Nack in PPP case), or a link Terminate request (LCP Terminate-Request in PPP case) back to the TE. In the case where a configure-nack packet was sent by the MT, a local negotiation may take place at the R reference point (i.e. the TE proposes the new value to the MT), after which a configuration-ack packet is sent to the TE.

9)
In case a configuration-ack packet was sent to the TE, the link from the TE to the external ISP/Intranet is established and IP packets may be exchanged.


In case a link terminate request packet was sent to the TE, the TE and MT negotiates for link termination. The MT may then send a final AT-response to inform the TE about the rejected PDP Context activation.

A link terminate request packet (such as LCP Terminate-request in PPP case) causes a PDP context deactivation.

EXAMPLE:
In the following example PPP is used as layer 2 protocol over the R reference point.

The MT acts as a PPP server and translates Protocol Configuration Options into SM message IEs. GTP-C carries this information unchanged to the GGSN which uses the information e.g. for DHCP or RADIUS authentication and host configuration. The result of the host authentication and configuration is carried via GTP-C to the SGSN which relays the information to the MT. The MT sends an IPCP Configure-Ack to the TE with the appropriate options included.
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Figure 11b: PDP Context Activation for the IPv4 Non-transparent case

11.2.1.3
IPv6 Non Transparent access to an Intranet or ISP

When using IPv6 Address Autoconfiguration (either Stateless or Stateful), the process of setting up the access to an Intranet or ISP involves two signalling phases. The first signalling phase is done in the control plane and consists of the PDP context activation, followed by a second signalling phase done in the user plane. 

The user plane signalling phase can be either stateless or stateful.  The stateless procedure, which involves only the MS and the GGSN, is described in subclause “IPv6 Stateless Address Autoconfiguration” below. The stateful procedure, which involves the MS, GGSN (as DHCP relay agent) and one or several DHCP servers on the Intranet or ISP, is described in subclause “IPv6 Stateful Address Autoconfiguration” below.

Whether to use stateless or stateful address autoconfiguration procedure is configured per APN in the GGSN. For APNs configured as stateless, the GGSN must only use the 64-bit Prefix part of the IPv6 address for forwarding of mobile terminated IP packets. 

Stateful and Stateless Autoconfiguration can also co-exist. In that case, the MS shall use Stateless to configure the address and Stateful to configure additional parameters. Address autoconfiguration using both Stateless and Stateful must not be used since GPRS only supports one prefix per PDP Context.

The selection between Stateful and Stateless Autoconfiguration is dictated by the Router Advertisements sent by the GGSN as described in the corresponding subclauses below and according to the principles defined in RFC 2461 [44] and RFC 2462 [29].

For MS, IPv6 Stateless Address Autoconfiguration is mandatory, and IPv6 Stateful Address Autoconfiguration (DHCPv6) is optional.
11.2.1.3.1 IPv6 PDP Context Activation

In this case:

-
the MS is given an IPv6 address belonging to the Intranet/ISP addressing space. A dynamic IPv6 address may be given using either stateless or stateful address autoconfiguration. This IPv6 address is used for packet forwarding within the GGSN and for packet forwarding on the Intranet/ISP;
-
the MS may send an authentication request at PDP context activation and the GGSN can request user authentication from a server, like Radius, AAA, …, belonging to the Intranet/ISP;

-
the protocol configuration options are retrieved (if requested by the MS at PDP context activation) from some server (Radius or AAA, …) belonging to the Intranet/ISP;

-
in order to avoid any conflict between the link-local address of the MS and that of the GGSN, the Interface-Identifier used by the MS to build its link-local address must be assigned by the GGSN. The MT must then enforce the use of this Interface-Identifier by the TE. This is valid for both stateless and stateful address autoconfiguration.

-
the communication between the Packet Domain and the Intranet/ISP may be performed over any network, even an insecure e.g. the Internet. In case of an insecure connection between the GGSN and the Intranet/ISP there may be a specific security protocol in between. This security protocol is defined by mutual agreement between PLMN operator and Intranet/ISP administrator.

In the following signalling flow example, PPP is used as layer 2 protocol over the R reference point. The MT acts as a PPP server and translates Protocol Configuration Options into SM message IEs. GTP-C carries this information unchanged to the GGSN which uses the information e.g. for RADIUS authentication. The result of the host authentication is carried via GTP-C back to the SGSN, which relays the information to the MT. The MT finalises the IPV6CP negotiation by sending an IPV6CP Configure-Ack to the TE with the appropriate options included, e.g. Interface-Identifier. The Interface-Identifier shall be used in the TE to create a link-local address to be able to perform the IPv6 address autoconfiguration (see subclauses 11.2.1.3.2. and 11.2.1.3.3).

1)
The TE sends an AT-command to the MT to set up parameters and enter PPP mode. The MT responds with an AT-response.

2)
LCP negotiates Maximum-Receive-Unit and authentication protocol. The negotiated authentication protocol is, either CHAP, PAP or 'none'. The MT shall try to negotiate for CHAP as first priority.

3)
If the negotiated authentication protocol is either of CHAP or PAP, the TE authenticates itself towards the MT by means of that protocol. The MT stores the necessary authentication data and sends a forced positive acknowledgement of the authentication to the TE.

4)
The TE requests IPv6 Interface-Identifier negotiation by sending the IPV6CP Configure-Request message to the MT. 

5)
The MT sends the Activate PDP context request message to the SGSN, including the Protocol Configuration Options. The Protocol Configuration Options may contain negotiated LCP options such as negotiated Authentication Protocol as well as any authentication data previously stored in the MT The MS shall for dynamic address allocation leave PDP Address empty and set PDP Type to IPv6. The SGSN sends the Create PDP context request message to the chosen GGSN including the unmodified Protocol Configuration Options.

6)
The GGSN deduces from the APN:

-
IPv6 address allocation type (stateless or stateful);
-
the source of IPv6 Prefixes in the stateless case (GGSN internal prefix pool, or external address allocation server);
-
any server(s) to be used for address allocation, authentication and/or protocol configuration options retrieval (e.g. IMS related configuration, see [47] );

-
the protocol like Radius, to be used with this / those server(s);

-
the communication and security feature needed to dialogue with this / those server(s);

As an example the GGSN may use one of the following options:

-
GGSN internal Prefix pool for IPv6 prefix allocation and no authentication;

-
GGSN internal Prefix pool for IPv6 prefix allocation and RADIUS for authentication. The RADIUS server responds with either an Access-Accept or an Access-Reject to the RADIUS client in the GGSN;

-
RADIUS for authentication and IPv6 prefix allocation. The RADIUS server responds with either an Access-Accept or an Access-Reject to the RADIUS client in the GGSN;

IPv6 Prefixes in a GGSN internal Prefix pool shall be configurable and structured per APN.
The GGSN shall in the PDP Address IE in the Create PDP Context Response return an IPv6 address composed of a 64-bit Prefix and a 64-bit Interface-Identifier. The Interface-Identifier can have any value and it does not need to be unique within or across APNs. It must however not conflict with the Interface-Identifier the GGSN has selected for its own side of the MS-GGSN link. The Prefix assigned by the GGSN or the external RADIUS server must be globally or site-local unique, if stateless address autoconfiguration is configured on this APN. If, on the other hand, stateful address autoconfiguration is configured on the APN, the Prefix part of the IPv6 address returned in the PDP Address IE shall be set to the link-local prefix (FE80::/64)

The GGSN shall analyse the requested values of all the protocol options contained in the received Protocol Configurations Options IE. The GGSN response shall be in accordance with the relevant PPP standard [21] 

7)
The GGSN sends back to the SGSN a Create PDP Context Response message, containing the PDP Address IE and the Protocol Configuration Options IE. The cause value shall be set according to the outcome of the host authentication and configuration. 
8)
Depending on the cause value received in the Create PDP Context Response, the SGSN either stores the PDP Address and sends an Activate PDP Context Accept to the MS or, sends an Activate PDP Context Reject, to the MS. 

If Protocol Configuration Options are received from the GGSN, the SGSN shall relay those to the MS. 

9)
The MT extracts the Interface-Identifier from the address received in the PDP Address IE and ignores the Prefix part. If this Interface-Identifier is identical to the tentative Interface-Identifier indicated in the IPV6CP Configure-Request message sent from the TE , the MT sends an IPV6CP Configure Ack packet, indicating this Interface-Identifier, to the TE.  

If the Interface-Identifier extracted from the address contained in the PDP Address IE is not identical to the tentative Interface-Identifier indicated in the IPV6CP Configure-Request message sent from the TE, the MT sends an IPV6CP Configure Nak packet, indicating the Interface-Identifier extracted from the address contained in the PDP Address IE, to the TE. The TE then sends a new IPV6CP Configure-Request message to the MT, indicating the same Interface-Identifier as was indicated in the received IPV6CP Configure Nak (as indicated by the dotted IPV6CP Configure-Request and Configure-Ack in the figure below). Finally the MT responds with a IPV6CP Configure Ack packet.

In case a PDP Context Reject was sent to the MS the MT sends an LCP Terminate-Request to the TE. 

10)
When the TE has accepted the Interface-Identifier given by the MT, the user plane link from the TE to the GGSN and the external ISP/Intranet is established and the IPv6 address autoconfiguration may proceed.


In case a link terminate request packet was sent to the TE, the TE and MT negotiates for link termination. The MT may then send a final AT-response to inform the TE about the rejected PDP Context activation.

An LCP Terminate-request causes a PDP context deactivation.
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Figure 11c: PDP Context Activation for the IPv6 Non-transparent case

11.2.1.3.2 IPv6 Stateless Address Autoconfiguration

As described in 3GPP TS 23.060, a PDP Context of PDP type IPv6 activated by means of the IPv6 Stateless Address Autoconfiguration Procedure is uniquely identified by the prefix part of the IPv6 address only. The MS can select any value for the Interface-Identifier part of the address. The only exception is the Interface-Identifier for the link-local address used by the MS (see RFC 2373 [28]). This Interface-Identifier must be assigned by the GGSN to avoid any conflict between the link-local address of the MS and that of the GGSN itself. This is described in subclause “IPv6 PDP Context Activation” above.

For IPv6 the PDP Context Activation phase is followed by an address autoconfiguration phase. For APNs configured to use Stateless Address Autoconfiguration, the procedure can for example look like the following:

1)
After the first phase of setting up IPv6 access to an Intranet or ISP, the MS has been given an IPv6 Interface-Identifier by the GGSN. The MS uses this Interface-Identifier to create its IPv6 Link-Local Unicast Address according to RFC 2373 [28]. 

Before the MS can communicate with other hosts or MSes on the Intranet/ISP, the MS must obtain an IPv6 Global/Site-Local Unicast Address. The simplest way is the IPv6 Stateless Address Autoconfiguration procedure described below and in 3GPP TS 23.060 [3]. The procedure is consistent with RFC 2462 [29]. 

The procedure below takes place through signalling in the user plane. It is done on the link between the MS and the GGSN. From the MS perspective the GGSN is now the first router on the link.

2)
After the GGSN has sent a Create PDP Context Response message to the SGSN, it shall start sending Router Advertisements periodically on the new MS-GGSN link established by the PDP Context. The MS may issue a Router Solicitation directly after the user plane establishment. This will trigger the GGSN to send a Router Advertisement immediately.

To indicate to the MS that stateless address autoconfiguration must be performed, the GGSN shall leave the M-flag cleared in the Router Advertisement messages. An MS shall not perform stateless and stateful address autoconfiguration simultaneously, since multiple prefixes are not allowed in GPRS. The O-flag may be set though, since it does not result in additional addresses being acquired (see below).

 The Prefix sent in the Router Advertisements shall have a length of 64 bits and shall be identical to the Prefix returned in the Create PDP Context Response. The Prefix is contained in the Prefix Information Option of the Router Advertisements and shall have the A-flag set (“Autonomous address configuration flag”) and the L-flag cleared (i.e. the prefix should not be used for on-link determination).  The lifetime of the prefix shall be set to infinity. In practice, the lifetime of a Prefix will be the lifetime of its PDP Context. There shall be exactly one Prefix included in the Router Advertisements.

The handling of Router Advertisements shall be consistent with what is specified in RFC 2461 [44]. For the MS-GGSN link however, some specific handling shall apply. The randomisation part to determine when Router Advertisements shall be sent may be omitted since the GGSN is the only router on the link. Furthermore, some 3GPP specific protocol constants and default values shall apply (see subclause “IPv6 Router Configuration Variables in the GGSN”). These relate to the periodicity of the Router Advertisements initially and during continued operation. The motivation for this is to have a faster user-plane set-up even in bad radio conditions and to minimize MS power consumption during long continued operation. 

3)
When creating a Global/Site-Local Unicast Address, the MS may use the Interface-Identifier received during the PDP Context Activation phase or it may generate a new Interface-Identifier. There is no restriction on the value of the Interface-Identifier of the Global/Site-Local Unicast Address, since the Prefix is unique. Interface-Identifiers shall in any case be 64-bit long.

Since the GGSN guarantees that the Prefix is unique, the MS does not need to perform any Duplicate Address Detection on addresses it creates. That is, the ‘DupAddrDetectTransmits’ variable in the MS should have a value of zero.

If the O-flag (“Other stateful configuration flag”) was set in the Router Advertisement, the MS may start a DHCP session to retrieve additional configuration parameters. See subclause 13.2.2 “Other configuration by the Intranet or ISP”. The request for an IP address shall be excluded in that session though. If the MS is not DHCP capable, the O-flag may be ignored.
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Figure 11d:  IPv6 Stateless Address Autoconfiguration
11.2.1.3.3
IPv6 Stateful Address Autoconfiguration

For IPv6 the PDP Context Activation phase is followed by an address autoconfiguration phase. For APNs configured to use Stateful Address Autoconfiguration, the procedure can for example look like below. A more detailed description of Stateful Address Autoconfiguration is described in clause “Interworking with PDN (DHCP)”.  Support of DHCP is not mandatory in the MS.
1)
After the first phase of setting up IPv6 access to an Intranet or ISP, the MS has been given an IPv6 Interface-Identifier by the GGSN. The MS uses this Interface-Identifier to create its IPv6 Link-Local Unicast Address according to RFC 2373 [28]. 

2)
After the GGSN has sent a Create PDP Context Response message to the SGSN, it shall start sending Router Advertisements periodically on the new MS-GGSN link established by the PDP Context. The MS may issue a Router Solicitation directly after the user plane establishment. This will trigger the GGSN to send a Router Advertisement immediately. This shall be consistent with what is specified in RFC 2461 [44]. For the MS-GGSN link however, some 3GPP specific protocol constants and default values shall apply (see subclause “IPv6 Router Configuration Variables in the GGSN”). 

To indicate to the MS that Stateful Address Autoconfiguration must be performed, the Router Advertisements shall not contain any Prefix-Information option and the M-flag (“Managed Address Configuration Flag”) shall be set.
3)
When the MS has received a Router Advertisement with the M-flag set, it shall start a DHCPv6 configuration as described in subclause “Address allocation using DHCPv6” including a request for an IPv6 address. 
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Figure 11e:  IPv6 Stateful Address Autoconfiguration 

11.2.1.3.4
IPv6 Router Configuration Variables in the GGSN

For IPv6 Stateless and Stateful Address Autoconfiguration to work properly the GGSN must act as an IPv6 router towards the MS. In this respect the GGSN shall be consistent with the RFCs specifying this process (for example RFC 2462 [29] and RFC 2461 [44]), unless stated otherwise in this or other 3GPP specifications.

RFC 2461 specifies a set of conceptual router configuration variables. Some of these variables require particular attention in GPRS in order to preserve radio resources and MS power consumption while still allowing for appropriate robustness and fast user-plane set-up time even in bad radio conditions, or simply because they have a particular meaning in GPRS. These particular variables are listed below with appropriate (default) values and shall be configurable per APN. The values specified hereafter are specific to GPRS and supersede those specified in RFC 2461.
MaxRtrAdvInterval
Shall have a default value of 21600 seconds (6 h).

MinRtrAdvInterval
Shall have a default value of 0.75* MaxRtrAdvInterval i.e.16200 seconds (4.5 h).

AdvValidLifetime
Shall have a value giving Prefixes infinite lifetime, i.e. 0xFFFFFFFF. The assigned prefix remains Preferred until PDP Context Deactivation.

AdvPreferredLifetime
Shall have a value giving Prefixes infinite lifetime, i.e. 0xFFFFFFFF. The assigned prefix remains Preferred until PDP Context Deactivation.


RFC 2461 also specifies a number of protocol constants. The following shall have specific values for GPRS:

MAX_INITIAL_RTR_ADVERT_INTERVAL
This constant may be a variable within GPRS. It can have a value that gradually increases (exponentially or by some other means) with the number of initial Router Advertisements sent. This will enable a fast set-up of the MS-GGSN link in most cases, while still allowing the MS to receive a Router Advertisement within the initial phase, even in case of bad radio conditions or slow response time, without having to send a large number of initial Router Advertisements.   

MAX_INITIAL_RTR_ADVERTISEMENTS 
This is the number of Router Advertisements sent during the initial phase after the MS-GGSN link has been established. The value of this constant must be chosen carefully, and in conjunction with MAX_INITIAL_RTR_ADVERT_INTERVAL, so as to not overload the radio interface while still allowing the MS to complete its configuration in a reasonable delay. For instance, the default value could be chosen so that initial Router Advertisements are sent for at least 30 seconds.

After the initial phase, the periodicity is controlled by the MaxRtrAdvInterval and the MinRtrAdvInterval constants. 

11.2.1.4
Access to Internet, Intranet or ISP with Mobile IPv4

Rest of subclause unchanged

Next modified section

13
Interworking with PDN (DHCP)

13.1
General

In current LAN environments the most commonly used configuration protocol is DHCP (Dynamic Host Configuration Protocol, [26]). It provides a mechanism for passing a large set of configuration parameters to hosts connected to a TCP/IP network (IP address, sub-net mask, domain name, MTU, etc.) in an automatic manner. Moreover DHCP may assign IP addresses to clients for a finite lease time, allowing for sequential reassignment of addresses to different users. 

The lease time is chosen by the administrator of the DHCP server (in the external network), and is therefore out of the scope of this specification.

The Packet Domain offers the end user the possibility to run DHCP end-to-end the same way as he does when connected directly to a LAN (e.g. an enterprise Intranet). No modifications should be required in common implementations of DHCP clients and servers. However a Packet Domain-specific DHCP relay agent [21] is needed in the GGSN so as to allow correct routing of DHCP requests and replies between the TE and the DHCP servers.

At PDP context activation no IP address is allocated, this is done afterwards through DHCP. After the TE's configuration has been completed by DHCP, the PDP context is updated by means of the GGSN-initiated PDP Context Modification Procedure in order to reflect the newly assigned IP address.

In the following cases the corresponding PDP context shall be deactivated and the whole procedure starting with PDP context activation shall be restarted by the MS

· if the DHCP lease expires

· if the DHCP renewal is rejected by the DHCP server

· if the IP address is changed during the renewal process. Usually when the lease is renewed, the IP address remains unchanged. However, if for any reason (e.g. poor configuration of the DHCP server), a different IP address is allocated during the lease renewal process the PDP Context shall be deactivated. 

13.2
PDN Interworking Model for DHCP

A DHCP relay agent shall be located in the GGSN used for interworking with the IP network as illustrated in the following figure 16b.
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Figure 16b: The protocol stacks for the Gi IP reference point for DHCP

The DHCP relay agent relays the requests received from the DHCP client to the DHCP server(s), and the replies received from the server(s) to the corresponding client. The DHCP relay agent allows for the replies from DHCP servers to be delivered to the correct terminal, as the logical connection from the MT terminates in the GGSN, and consequently only the GGSN holds enough information to locate the DHCP client. How the DHCP relay agent identifies the MT based on the DHCP messages is out of the scope of 3GPP standardisation.

DHCP provides mechanisms for user authentication and integrity protection, but does not offer any message confidentiality, therefore additional mechanisms (e.g. IPsec tunnel) may be provided if the link towards the external network is not secure. However this is out of the scope of the present document.

Apart from the particulars mentioned above, this model is basically the same as the one for interworking with IP networks described elsewhere in the present document. Using DHCP corresponds to the transparent access case as the GGSN does not take part in the functions of authentication, authorisation, address allocation, etc.

13.2.1
Address allocation by the Intranet or ISP

The MS is given an address belonging to the Intranet/ISP addressing space. The address is given dynamically immediately after the PDP context activation. This address is used for packet forwarding between the Intranet/ISP and the GGSN and within the GGSN.

The MS may authenticate itself to the Intranet/ISP by means of the relevant DHCP procedures (see RFC 3118 [45]).
The protocol configuration options are retrieved from the DHCP server belonging to the Intranet/ISP.
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Figure 16c: Protocol stack for access with DHCP end-to-end

13.2.1.1
Address allocation using DHCPv4

The following description bullet items describe the DHCPv4 signal flow. For a detailed description of the DHCP messages refer to [26], [27]. The end-to-end protocol configuration is depicted in figure 16c.

1)
The TE and MT exchange several AT commands carrying the QoS and other parameters requested by the TE, and requesting the activation of a PDP context of PDP type IP. The TE selects the APN of the configured Intranet/ISP offering a DHCP service, or the APN consisting of the Reserved Service Label for DHCP that the user has subscribed to. In the latter case the TE will be connected to a PLMN operator-configured service provider offering a DHCP service (according to the APN selection rules).

2)
The MT sends the Activate PDP Context Request message to the SGSN with an empty PDP address field.

3)
The SGSN selects a GGSN based on the APN requested by the MS and sends a Create PDP Context Request message to that GGSN. The GGSN replies with a Create PDP Context Response message. If the GGSN has not been configured by the operator to use external PDN address allocation with DHCP for the requested APN, the cause shall be set to 'Service not supported'. No IP address is assigned at this point; the PDP address returned by the GGSN is set to 0.0.0.0, indicating that the IP address is not yet assigned and shall be negotiated by the TE with the Intranet/ISP after the PDP context activation procedure.

4)
Depending on the cause value received in the Create PDP Context Response the SGSN sends either an Activate PDP Context Accept or an Activate PDP Context Reject back to the MT. In case of a successful activation the PDP context is established with the PDP address set to 0.0.0.0.

5)
Upon reception of the Activate PDP Context Accept, the MT sends an AT response to the TE that acknowledges the completion of the PDP context activation procedure.

6)
The TE sends a DHCPDISCOVER message with the IP destination address set to the limited broadcast address (all 1s). The GGSN will pass the DHCPDISCOVER to the DHCP relay agent which will relay the request to the DHCP server configured for the APN of the PDP context. If more than one DHCP server is configured for a given APN, the request will be sent to all of them. The DHCP relay agent will add enough information to the DHCPDISCOVER message to be able to relay the replies back to the MS. How this is done is out of the scope of 3GPP standardisation.

7)
DHCP servers receiving the DHCPDISCOVER request reply by sending a DHCPOFFER message including an offered IP address. The DHCP relay agent forwards the replies to the proper MS.

8)
The TE chooses one of the possibly several DHCPOFFERs and sends a DHCPREQUEST confirming its choice and requesting additional configuration information. The relay agent relays the DHCPOFFER as explained in step 6.

9)
The selected DHCP server receives the DHCPREQUEST and replies with a DHCPACK containing the configuration information requested by the TE. The DHCP relay agent relays the DHCPACK to the TE.

10)
The DHCP relay agent passes the allocated IP address to the GGSN which stores it in the corresponding PDP context. The GGSN then initiates a PDP context modification procedure by sending an Update PDP Context Request to the appropriate SGSN with the End User Address information element set to the allocated IP address.

11)
The SGSN sends a Modify PDP Context Request to the MT with the allocated IP address in the PDP Address information element. The MT acknowledges by sending a Modify PDP Context Accept to the SGSN.

12)
The SGSN sends an Update PDP Context Response to the GGSN. The PDP context has been successfully updated with the allocated IP address.

EXAMPLE:
In the following example a successful PDP context activation with use of DHCP from end to end is shown.
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Figure 16d: DHCPv4 signal flow
13.2.1.2
Address allocation using DHCPv6

The following description bullet items describe the signal flow. For a detailed description of the DHCPv6 messages refer to [46]. In the context of IPv6, address allocation through DHCP is also referred to as Stateful Address Autoconfiguration. The end-to-end protocol configuration is depicted in figure 16e.
The PDP Context activation part and the initial Router Advertisement that triggers the MS to do the Stateful Address Autoconfiguration is described in subclause “IPv6 Non Transparent access to an Intranet or ISP”. 

1) The TE sends a SOLICIT message with the IP destination address set to the All_DHCP_Agents multicast address defined in DHCPv6 [46]. The source address is the link local address created by the MS. The SOLICIT message shall contain one IA option.

2) The GGSN creates a RELAY-FORWARD message. The “Client-Message” option shall include the entire SOLICIT message. The GGSN sends the message to the DHCP server(s) configured for the APN using unicast addresses or the All_DHCP_Servers multicast address. More details on the parameters for the RELAY-FORWARD are found in [46]. Note that the GGSN can store a PDP Context ID in the Interface-Id option if this aids it in handling the Relay-Reply (the DHCP server will echo the Interface-Id option).
3) DHCP servers receiving the RELAY-FORWARD message including the SOLICIT request reply by sending a RELAY-REPLY message. The “Server-Message” option includes the ADVERTISE message with an offered IP address.

4) GGSN extracts the ADVERTISE messages and forwards the messages to the proper MS.

5) The TE chooses one of the possibly several ADVERTISE messages and sends a REQUEST confirming its choice and requesting additional configuration information. 

6) GGSN embeds the REQUEST in the “Client-Message” option of  the RELAY-FORWARD and sends it as explained in step 2.

7) The selected DHCP server receives the RELAY-FORWARD and replies with a RELAY-REPLY. The “Server-Message” option includes the REPLY message containing the configuration information requested by the TE. 

8) The GGSN extracts the REPLY message and forwards it to the proper MS. GGSN also extracts IA option information such as the allocated MS IPv6 address and its lifetime and stores it in the corresponding PDP context. The GGSN shall silently discard any Neighbour Solicitation message sent by the MS to perform Duplicate Address Detection (see 23.060 [3]).  

9) The GGSN initiates a PDP context modification procedure by sending an Update PDP Context Request to the appropriate SGSN with the End User Address information element set to the allocated IPv6 address.

10) The SGSN sends a Modify PDP Context Request to the MT with the allocated IPv6 address in the PDP Address information element. 

11) The MT acknowledges by sending a Modify PDP Context Accept to the SGSN.

12) The SGSN sends an Update PDP Context Response to the GGSN. The PDP context has been successfully updated with the allocated IPv6 address.

13) In the Stateful Address Autoconfiguration case, Router Advertisements sent by GGSN on the MS-GGSN link shall not contain any Prefix Information option, even when GGSN has learned the Prefix of the MS through the DHCP relay agent. The Prefix need not to be advertised since the MS is the only host on the link and Stateless Address Autoconfiguration shall not be performed concurrently to Stateful Address Autoconfiguration.
EXAMPLE:
In the following example a successful PDP context activation with use of DHCPv6 from end to end is shown.
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Figure 16e: DHCPv6 signal flow

13.2.2
Other configuration by the Intranet or ISP (IPv6 only)
When using IPv6, in some situations the MS may need additional configuration information from the Intranet or ISP besides the IP address. It can for example be IMS related configuration options (see 3GPP TS 24.229 [47] ). If the MS is DHCP capable and the IPv6 address has been allocated using Stateless Address Autoconfiguration, the MS may use a procedure as in the example below to configure additional external network protocol parameters, or other parameters that apply to the Intranet or ISP. The GGSN will in this case indicate to the MS that there is additional configuration information to retrieve by setting the O-flag in the Router Advertisements. This shall be configured per APN in the GGSN.
The following description bullet items describe an example of a signal flow, where the MS directs an Information-Request to the All DHCP Servers multicast address. The MS may also direct the message to a specific server instead of all servers. For a detailed description of the DHCPv6 messages refer to [46]. The sequence is depicted in figure 16f. 

1) A Router Advertisement with the O-flag set, is sent from GGSN to TE to indicate to it to retrieve other configuration information.
2) The TE sends an INFORMATION-REQUEST message with the IP destination address set to the All_DHCP_Servers multicast address defined in DHCPv6 [46]. The source address is the global or site-local address of the MS. GGSN forwards this message as normal IP payload, i.e. no DHCP relay agent is required.

3) DHCP servers receiving the INFORMATION-REQUEST message, reply by sending a REPLY message with the requested configuration parameters.

 The TE chooses one of the possibly several REPLY messages and extracts the configuration information. 

EXAMPLE:
In the following example a request for information with use of DHCPv6 from end to end is shown.
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Figure 16f: DHCPv6 Other configuration signal flow
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