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1 Introduction

Contribution S2#3-99070 proposed that the user plane for the IP domain is divided in two different tunnels over Gn and Iu-PS respectively using an enhanced GTP protocol referred to as GTP-U. The user plane protocol stack is as shown in Figure 1 and this corresponds to Proposal 2 for the IP domain user plane in Section 9.8.4 of [1]. This contribution provides more details of this proposal.
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Figure 1: User Plane Protocol Architecture

The descriptions regarding UMTS related states and signalling sequences in paragraph 2.3 are kept on a cursory level, as these sequences are not yet fully defined. The GPRS related sequences are where applicable abstracts from GSM 03.60 [4].

Description of Proposal 2 for Iu-PS USER PLANE
1.1 Functional division

Table 1 summarises the assignment of functions to elements in the logical network architecture (associated with the user plane shown in Figure 1). Unless specifically mentioned otherwise, functions and all abbreviations are assumed to be as defined in GSM 03.60 V6.2.0.

Function
MS
UTRAN
3G-SGSN
GGSN

Network Access Control:





Authentication and Authorisation
x

x


Charging Data Collection


x
x







Routing & Transfer:





Packet Relay
x
x
x
x

Packet Routing
x
x
x
x

Address Translation and Mapping
x
X
x
x

Encapsulation
x
X
x
x

Tunnelling

X
x
x

Compression
x

X (FFS)


Ciphering
x
X









Session Management





Session Control
x

x


Radio Access Bearer Control
X
X
X


SRNS re-location

X
X


Table 1: Assignment of Functions to Logical Architecture

Note: All changes from GPRS written as bold italics (X), regular (x) means the similar function as in GPRS.

Definitions:

Compression refers to reduction of header data. 
Session Control refers to the procedures for the control of PDP session.
Radio Access Bearer Control refers to the procedures for the control of the Radio Access Bearer.
SRNS Re-location refers to the procedure for changing the serving RNS.

1.2 Contexts

Since, the GTP-U tunnels now terminate at the UTRAN (additional to the SGSN and GGSN as in GPRS) the UTRAN has to maintain appropriate information on a per GTP-U tunnel basis. This information is additional to the information that the UTRAN anyway have to maintain per a RLC level for each UE.

Further, a small number of information fields have to be added for each PDP context in the 3G-SGSN. Sections 2.2.1 through 2.2.3 summarise the key differences in the parameters stored for each logical context at various elements of the logical network architecture.

1.2.1 PDP Context at the SGSN

The SGSN will additionally store the following parameter values (when compared to GPRS) for each PDP context: 

· RNC Address in use

1.2.2 PDP Context at the GGSN

Not impacted by usage of a separate GTP-U tunnel over Iu-PS.
Note: Changes due to possibly several QoS classes per PDP address has not been considered here.

1.2.3 Context in the RNS

When a GTP-U tunnel between the SGSN and the RNC is present a corresponding context is stored in the UTRAN. The information needed for one GTP-U tunnel is shown below. Note that the UTRAN will store relevant information on a per UE basis as well (for instance related to Mobility Management and Ciphering). UTRAN will also store UE information per RAB (QoS).

· The IP address of the SGSN currently used by the activated context

· GTP-U sequence number of the next downlink N‑PDU to be received by the SGSN

· GTP-U sequence number of the next uplink N‑PDU to be sent to the SGSN

· Specification if Reordering Required of N‑PDUs received from the SGSN shall be performed by the UTRAN

1.3 States and Signalling Sequences

1.3.1 Definition of Packet Data Protocol States

Each bearer is described by an individual context in the MS, the UTRAN, the SGSN, and the GGSN. Every context exists independently in one of two Session Management states (Active and Inactive). The Session Management state indicates whether a bearer and a corresponding PDP address are activated for data transfer or not. 

An MS in an appropriate Mobility Management state can activate or deactivate a context in the MS and the SGSN. The SGSN then set up the GTP tunnels towards both the RNC and the GGSN and contexts are generated in the nodes corresponding to the GTP-U tunnels receptively. A GGSN may request the activation of a PDP context to an MS. An MS, SGSN or the GGSN may initiate the deactivation of a PDP context. Further, the MS, UTRAN, or the GGSN may request the SGSN to initiate the modification (for instance QoS) of the PDP context.

1.4 PDP Context Activation

Upon receiving an Activate PDP Context Request message, the SGSN shall initiate procedures to set up PDP contexts. An example of the MS initiated PDP Context Activation procedure is illustrated in Figure 2. Each step is explained in the following list.
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Figure 2: Example PDP Context Activation Procedure

1. Transparently carried by RANAP the MS sends an Activate PDP Context Request message to SGSN.

2. Security functions may be executed.

3. The SGSN initiates the establishment of a radio access bearer by sending a RANAP RAB Assignment Request message to the RNC.

The RNC responds with a RANAP RAB Assignment Complete message, which is the confirmation from UTRAN that a RAB has been created between the MS and the SGSN.

The RAB Assignment Request and the RAB Assignment Complete messages both contain a flow label parameter (TID) that should be used in the corresponding GTP-tunnel.

4. If an approved GGSN can be derived, flow labels for the SGSN-GGSN tunnel is also exchanged. The SGSN sends a Create PDP Context Request message to the affected GGSN. The GGSN then returns a Create PDP Context Response message to the SGSN. As today in GPRS, GTP is used in this conversation.

If no GGSN address can be derived or if the SGSN has determined that the Activate PDP Context Request is not valid, then the SGSN rejects the PDP context activation request.

5. Transparently carried by RANAP the SGSN inserts the NSAPI along with the GGSN address in its PDP context. The SGSN returns an Activate PDP Context Accept message to the MS, also carried transparently by RANAP.

After this successfully establishment of a RAB and the corresponding GTP-tunnels the MS can start to use the link between the GGSN and MS. The GTP related context is now established and would at least consist of the following parameters:

· RNS context: SGSN IP-address, UL-flow label, UL-Sequence number, DL-Expected Sequence number

· SGSN context: RNS IP-address, UL-and DL-flow label, UL-and DL Sequence number, UL- and DL-Expected Sequence number

· GGSN context: SGSN IP-address, DL-flow label, DL-Sequence number, UL-Expected Sequence number

1.4.1 PDP Context Deactivation

The PDP Context Deactivation Initiated by MS procedure is illustrated in Figure 3. Each step is explained in the following list.


[image: image3.wmf]GGSN

 5. Deactivate PDP Context Accept

 4. Delete PDP Context Response

 4. Delete PDP Context Request

 1. Deactivate PDP Context Request

SGSN

MS

 2. Security Functions

RNS

 3. RAB Assignment Request

 3. RAB Assignment Complete


Figure 3: PDP Context Deactivation Initiated by MS Procedure

1. The MS sends a Deactivate PDP Context Request message to the SGSN, carried transparently by RANAP.

2. Security functions may be executed.

3. The SGSN sends a RANAP RAB Assignment Request message to the UTRAN. The UTRAN removes the context and returns a RAB Assignment Complete message to the SGSN.

4. The SGSN sends a GTP Delete PDP Context Request message to the GGSN. The GGSN removes the PDP context and returns a GTP Delete PDP Context Response message to the SGSN.

5. The SGSN returns transparently over RANAP a Deactivate PDP Context Accept message to the MS.

1.4.2 Intra SGSN SRNS Relocation Procedure

Figure 4 illustrates an example of the procedure that can be used to reconfigure the GTP-U tunnel during (or following) an SRNS relocation. Note that Mobility Management procedures have been omitted for clarity. 
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Figure 4: Intra SGSN SRNS Relocation Procedure

1. The Old RNS (SRNS) sends a RANAP SRNS Relocation required signal to the SGSN. This message includes parameters such as New RNS identifier and information that will be passed transparently to the New RNS. 
2. The SGSN will send a SRNS Relocation Request message to the New RNS. This message includes information for building up the SRNS context, transparently from the Old RNS and directives for setting up the Iu user plane transport bearers. 

When the Iu user plane transport bearers have been established and the New RNS completed its preparation phase, SRNS Relocation Proceeding 1 message is sent to the SGSN.

3. The SGSN indicates the completion of the preparation phase at the CN side by sending the RANAP SRNS Relocation Proceeding 2 message to the Old RNS.

4. Upon reception of the RANAP SRNS Relocation Proceeding 2 message, the Old RNS sends a SRNS Relocation Commit message to the New RNS, this is done over Iur. The New RNS executes switch for all bearers at the earliest suitable time instance.

5. Immediately after a successful switch at the new RNS (i.e. SRNS), the SRNS sends a RANAP SRNS Relocation Complete to the New SGSN. New GTP contexts are at this point ready to be used, the parameters stored are equivalent with those described in the PDP Context Activation sequence.

6. The SGSN removes the GTP-tunnels and the corresponding context by using the RANAP Iu Release messages.

1.4.3 Handover from GSM GPRS to UMTS

Figure 5 illustrates an example of the procedure that can be used to reconfigure the GTP-U tunnel during (or following) a GPRS-UMTS Inter SGSN RA update. Note that Mobility Management procedures have been omitted for clarity.
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Figure 5: GSM GPRS to UMTS, Inter SGSN Routing Area Update Procedure

1) The UE/network decides to perform handover which leads to that the UE switch to the new cell, details for this is FFS.

2) The UE sends a x_Routing Area Update Request (old RAI, old P-TMSI) to the new 3G_SGSN. The SRNS shall add an identifier of the area where the message was received before passing the message to the 3G_SGSN.

3) The new 3G_SGSN sends SGSN Context Request (old RAI, old P-TMSI, New SGSN Address) to the old 2G_SGSN to get the MM and PDP contexts for the UE (The old RAI received from the UE is used to derive the old 2G_SGSN address). The old 2G_SGSN responds with SGSN Context Response (MM Context, e.g. IMSI, PDP Contexts, e.g. APN). 

4) Security functions may be executed.

5) The new 3G_SGSN request the SRNS to establish of a radio access bearer by  sending Bearer Setup to the SRNS. The SRNS responds with Bearer Setup Response.  

6) The new 3G_SGSN sends an SGSN Context Acknowledge message to the old 2G_SGSN. This informs the old 2G_SGSN that the new 3G_SGSN is ready to receive data packets belonging to the activated PDP contexts. 

7) The new 3G_SGSN sends Update PDP Context Request (new SGSN Address) to the GGSN concerned. The GGSN update their PDP context fields and return Update PDP Context Response.

8) The new 3G_SGSN informs the HLR of the change of SGSN by sending Update GPRS Location (SGSN Number, SGSN Address, IMSI) to the HLR.

9) The HLR sends Cancel Location (IMSI) to the old 2G_SGSN. The old 2G_SGSN removes the MM and PDP contexts.
The old 2G_SGSN acknowledges with Cancel Location Ack (IMSI). 

10) The HLR sends Insert Subscriber Data (IMSI, GPRS subscription data) to the new 3G_SGSN. The 3G_SGSN constructs an MM context for the UE and returns an Insert Subscriber Data Ack (IMSI) message to the HLR.

11) The HLR acknowledges the Update GPRS Location by sending Update Location Ack (IMSI) to the new 3G_SGSN.

12) The new 3G_SGSN validates the UE's presence in the new RA. The new 3G_SGSN constructs MM and PDP contexts for the UE. A logical link is established between the new SGSN and the UE. The new 3G_SGSN responds to the UE with x_Routing Area Update Accept (P‑TMSI).

13) The UE acknowledges the new P‑TMSI with a x_Routing Area Update Complete (P‑TMSI). 

Note 1: The functionality for forward of packets (within the box) is a subject fore more investigation, i.e. FFS. 

1.5 Lawful Interception

Lawful interception requires the ability to intercept all or a part of the signalling information and all user traffic. Interception of signalling information shall be performed according to the information provided in ETS 02.33.

Since the SGSN always terminates the GTP-U tunnels over the Iu interface and re-tunnels the PDUs to the GGSN, no specific signalling is needed for this case when Lawful Interception is performed in the SGSN.

Charging

SGSN and GGSN that are serving the MS collect charging information for each PDP Context respectively. The SGSN collects charging information for each PDP Context. Any problems within the UTRAN which cause loss of data addressed to a UE shall be indicated to the 3G-SGSN to maintain the conformance of the data volume counted by the 3G-SGSN with the successfully transferred data volume. It is FFS whether this mechanism provides a degree of conformance required for volume dependent charging.

The GGSN collects charging information for each PDP Context related with the external data network usage. Both GSNs also collect charging information on usage of network resources.

The SGSN collects the following charging information:

· Usage of the PLMN resources: the charging information can describe the amount of data transmitted in MO and MT directions categorised with QoS and user protocols.

· Usage of the packet data protocol addresses: the charging information may also describe how long the MS has used the packet data protocol addresses;

· Usage of the general resources: the charging information shall describe the usage of resources and the MS's network activity (e.g., mobility management); and

· Location of MS: HPLMN, VPLMN, plus optional higher-accuracy location information.

The GGSN collects the following charging information:

· Destination and source: the charging information shall describe the destination and source addresses with a level of accuracy as defined by the operator;

· Usage of the external data networks: the charging information can describe the amount of data sent and received to and from the external data network;

· Usage of the packet data protocol addresses: the charging information shall describe how long the MS has used the PDP addresses; and location of MS: HPLMN, VPLMN. 

The conclusion of this is that the charging mechanism and principles used in GPRS can be kept in UMTS.

2 Proposal

It is proposed that the text in chapters 2 included in chapter 9.x.x of 23.20 for clarification of proposal 2.

It is further proposed that the whole new proposal 2 is taken as working assumption and inserted in chapter 7.x of 23.20:

Two separate GTP tunnels are used for User data tunnelling in a UMTS PLMN, one GTP tunnel between the RNC and the SGSN, and one tunnel between the SGSN and the GGSN.
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� Not all functions relevant to the control plane are shown.
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