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1
Discussion

The One Tunnel approach has been stated as the removal of the SGSN from the user plane path to allow direct tunnelling of user data between the RNC and the GGSN. This document discusses the responsibility of the user plane in the CN so that a common baseline can be reached to aid in the analysis of the impacts and/or merits of having a the bearer resources in SGSN vs. the GGSN Bearer Relay discussed in SA#50 S2-061190.
The One Tunnel approach builds on the premise that the transport and control functionality of the SGSN are separated, resulting in a new distribution of functionality with the GGSN. This document examines the following components of the CN user plane:

· Transport Network

· Protocol Stack

· User Plane functions/responsibility.

1.1 Transport Network

Figure 1 shows the MS to GGSN end to end protocol stack for user plane in the 3G R6 UMTS architecture. The Transport Network consists of L1 and L2. 
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Figure 1

There is a difference in the Transport Network options supported on the Gn and Iu-PS interfaces. The ATM options is supported on Iu-PS while the IP option is supported on both Gn and Iu-PS interfaces. To cause further ambiguity, Ipv6 is stated as mandatory on Iu-PS with Ipv4 optional (see 25.414). which is the opposite for the Gn interface. 
To avoid any backwards compatibility issues and inter-working problems while minimizing the impacts to both the CN and UTRAN it is propose to support the following Transport Network options for One Tunnel and GGSN Bearer Relay:

· ATM transport
· Ipv4 (RFC 791) protocol shall be supported, Ipv6 (RFC 2460) support is optional.

1.2
Protocol stack
The protocol stacks in the UE, in the 3G-RAN and the 3G-GGSN are the same as specified in the 3GPP R99 architecture. The user plane protocols specified for the SGSN are not needed in the One Tunnel Approach. 

The 3G-SGSN protocol stack will be utilized by the GGSN Bearer Relay. For the case of roaming and connectivity to legacy GGSN Bearer Relay resource will be inserted into the path of the user plane to provide the end to end functionality shown in figure yy.
1.3
User Plane Functions
This section captures the functions of the user plane in the pre-Rel-7 network. These definitions can be used as a frame of reference for describing the functional split in the One Tunnel approach.
Within the CN both the GGSN and SGSN have shared user plane responsibilities with one example being is the use of GTP sequence numbers which are generated in the uplink direction by the RNC and the GGSN in the downlink path. The SGSN sole responsibility is to tunnel the sequence numbers in the GTP-U Header between the GGSN and RNC. Another example is the case of 3G to 2G RAU where the SGSN user plane has responsibility to transfer PDCP sequence numbers in the GTP-U Extension headers.
Here is a brief list of some of the user plane responsibilities:

	User Plane Function
	SGSN
	GGSN
	One Tunnel
	GGSN Bearer Relay

	
	
	
	cSGSN
	xGGSN
	cSGSN
	xGGSN

	Packet routing and transfer
	x
	x
	
	x
	
	x

	Segmentation and Reassembly
	
	x
	
	x
	
	X

	Relay Function 
	X
	
	
	
	
	x

	Encapsulation Function
	x
	x
	
	x
	
	X

	Encapsulation Between GSNs
	x
	x
	
	
	
	x

	Encapsulation Between GSN and RAN in Iu mode 
	x
	x
	
	x
	
	x

	Tunnelling Function
	x
	x
	
	x
	
	X

	Setup and monitoring CAMEL volume reporting
	x
	
	
	x
	
	X

	Reporting of Charging volume for billing
	x
	x
	
	x
	
	X

	Lawful interception
	x
	
	
	
	
	X

	Buffering Function
	x
	
	
	x
	
	X

	Page Initiation for PMM-IDLE Ues
	x
	
	
	x
	
	X

	Dual Stack for GTPv0 and GTPv1
	x
	x
	
	x
	
	x

	GTP-U Transmission Mode (UDP)
	x
	x
	
	x
	
	X

	PPP Termination:
	
	x
	
	x
	
	X

	GTP Sequence number generation/termination
	
	x
	
	X
	
	x

	Sequence number tunnelling
	x
	
	
	x
	
	X

	IP Fragmentation
	x
	
	
	
	
	X


Table 1: User Plane Functions
2
Conclusion
A common frame of reference is required to have a consistency and to maintain the Rel-6 user plane functionality. TheOne Tunnel and GGSN Bearer Relay should provide the same Network Transport options and User plane functions.

3
Proposal

This document request the approval to add the following user plane description to the Section 4 Architecture Baseline to the One Tunnel TR 23.809. The intent is for the following user plane definitions to be used as a baseline and reference architecure of the user plane to assess the overall impact of the One Tunnel approach.
-------------------------------------------------------------start of change ---------------------------------------------------------

4.1 
User Plane
The user plane protocols specified for the SGSN are not needed in the One Tunnel Approach. Instead the IP transport network adapts different physical transport protocols below IP if necessary. The IP Transport Network also used to forward the packets between RAN entities at relocation or handover and provides the connectivity between the core network nodes.

The One Tunnel approach removes the SGSN from the user plane path to allow direct tunnelling of user data between the RNC and the GGSN. The protocol stacks in the UE, in the 3G-RAN and the 3G-GGSN are the same as specified in the 3GPP Rel-6 architecture. 

For the GGSN Bearer Relay the number of nodes traversed in the user plane is identical to the 3GPP Rel-6 architecture.

The user plane in the CN consists of the following elements:

· Transport Network 

· Protocol Stack

· User Plane functions

4.1.1 
Transport Network User Plane

Figure xx shows the supported protocol stack used in the transport path for the Iu PS domain for the One Tunnel approach. 

1)
ATM based Transport (ATM transport option)

2)
IP based Transport (IP transport option)
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Figure xx: Transport Network options
To avoid any backwards compatibility issues and/or inter-working problems while minimizing the impacts to both the CN and UTRAN the One Tunnel and GGSN Bearer Relay should provide the following Transport Options:
· ATM transport shall be supported
· IP transport option may be supported

· On the Iu Interface the Ipv4 (RFC 791) protocol shall be supported, Ipv6 (RFC 2460) support is optional.
4.1.2
Protocol Stack

4.1.2.1
One Tunnel

The protocol stack for the user plane in a One Tunnel configuration is shown in Figure xx. The protocol stacks in the UE, in the 3G-RAN and the 3G-GGSN are the same as specified in the 3GPP Rel-6 architecture. The removal of the SGSN from the user plane eliminates one hop which improves latency.

[image: image3]
4.1.2.2 GGSN Bearer

4.1.2.2.1 
Bearer Pool 

The Protocol stack of the GGSN Bearer Relay resources is shown in Figure xx, this is essentially the 3G-SGSN component of the end to end protocol stack. 

[image: image4]
In connectivity to a legacy GGSN or for roaming scenarios the protocol stack indicated in Figure xx is inserted in the path of the user plane to provide the tunnelling of messages between the MS and GGSN. 

4.2.2.2.2
End to End for Roaming or connectivity to Legacy User Plane

The end to end protocol stack for the user plane in a GGSN Bearer Relay configuration is shown in Figure xx. The protocol stacks in the UE, in the 3G-RAN and the 3G-GGSN are the same as specified in the 3GPP R99 architecture. The GGSN Bearer Relay protocol stack is inserted in the data path for connectivity to a Home GGSN (roaming) or a legacy GGSN.


[image: image5]
4.1.3
Bearer Plane Functions

Within the Release 6 CN both the GGSN and SGSN have shared user plane responsibilities.  The following sections user plane functions within the CN along with the applicable node to be used as reference for the One Tunnel approach..

4.1.3.1
Packet routing and transfer
The routeing function determines the network node to which a message should be forwarded and the underlying service(s) used to reach that GPRS Support Node (GSN), using the destination address of the message. The routeing function selects the transmission path for the "next hop" in the route.
Between the RNC and the xGGSN, PDP PDUs are routed and transferred with the UDP/IP protocols. The GPRS Tunnelling Protocol transfers data through tunnels. A tunnel endpoint identifier (TEID) and a GSN address identify a tunnel in the uplink direction while a TEID and RNC address identify the downlink node.

4.1.3.2
Segmentation and Reassembly

The PDP PDUs shall be routed and transferred between the MS and the xGGSN as N‑PDUs. In case of PDP type PPP, the maximum size of each N‑PDU shall be 1 502 octets. In other cases, the maximum size of each N‑PDU shall be 1 500 octets.
When the MS or the xGGSN receives a PDP PDU that results in an N‑PDU that is not larger than the maximum N‑PDU size, the PDP PDU shall be routed and transferred as one N‑PDU. When the MS or the xGGSN receives a PDP PDU that results in an N‑PDU that is larger than the maximum N‑PDU size, the PDP PDU shall be segmented, discarded or rejected, depending on the PDP type and the implementation. 
The resultant N-PDU is then tunnelled between the xGGSN and RNC in the One Tunnel configuration and between the xGGSN, cSGSN and RNC when a xGGSN Bearer Relay resource is inserted in the user plane.
4.1.3.3
Relay Function 
The relay function of a network node transfers the PDP PDUs received from the incoming link to the appropriate outgoing link. At the RNC, the cSGSN, and the xGGSN the relay function stores all valid PDP PDUs until they are forwarded to the next network node or until the maximum holding time of the PDP PDUs is reached. The PDP PDUs are discarded when buffering is longer than their maximum holding time.
4.1.3.4
Encapsulation Function
Encapsulation is the addition of address and control information to a data unit for routeing packets within and between the PLMN(s). Decapsulation is the removal of the addressing and control information from a packet to reveal the original data unit.

Encapsulation and decapsulation are performed between the GPRS support nodes, and between the GPRS serving support node and the MS.
GPRS transparently transports PDP PDUs between packet data networks and MSs. All PDP PDUs are encapsulated and decapsulated for routeing purposes. Encapsulation functionality exists at the MS, at the RNC, at the cSGSN, and at the xGGSN. Encapsulation allows PDP PDUs to be delivered to and associated with the correct PDP context in the MS, the cSGSN, or the xGGSN. Two different encapsulation schemes are used; one for the backbone network between two GSNs and between an SGSN and an RNC, 
4.1.3.4.1
Encapsulation Between GSNs

The GPRS packet domain PLMN backbone network encapsulates a PDP PDU with a GPRS Tunnelling Protocol header, and inserts this GTP PDU in a UDP PDU that again is inserted in an IP PDU. The IP and GTP PDU headers contain the GSN addresses and tunnel endpoint identifier necessary to uniquely address a GSN PDP context.

4.1.3.4.2
Encapsulation Between SGSN and RAN in Iu mode

On the Iu interface, a PDP PDU is encapsulated with a GPRS Tunnelling Protocol header.
4.1.3.5
Tunnelling Function
Tunnelling is the transfer of encapsulated data units within and between the PLMN(s) from the point of encapsulation to the point of decapsulation. A tunnel is a two-way point-to-point path. Only the tunnel endpoints are identified.
4.1.3.6
Setup and monitoring CAMEL volume reporting
Online charging in the PS domain may be performed by the CAP reference point (CAMEL functionality) on the cSGSN. This requires the ability to configure a set volume limit threshold for PDP Context and to provide a mechanism to report whenever the threshold is reached. 
4.1.3.7
Reporting of Charging volume for billing
The cSGSN collects charging information for each MS related to the radio network usage while the xGGSN collects charging information for each MS related to the packet data network usage. Both GSNs also collect charging information on usage of the network resources. The user plane is responsible to collect the total downlink and  uplink data transmitted to the UE. 
4.1.3.8
Lawful interception
The user plane is responsible for duplicating and tunnelling user data for pdp sessions associated with a targeted subscriber.
4.1.3.9
Buffering Function
During paging and certain mobility events the buffering of downlink packets may be required
4.1.3.10
Page Initiation for PMM-IDLE Ues

Paging initiation on the reception of a downlink PDU for a mobile in PMM-IDLE.

4.1.3.11
Dual Stack for GTPv0 and GTPv1

A xGGSN shall be able to fall back to GTP v0 during an Update PDP Context procedure. That is, the xGGSN shall accept an Update PDP Context Request of GTP v0 even if the established GTP tunnel is of GTP v1. This is for roaming into a legacy cSGSN. The user plane of the cSGSN is also responsible for receiving downlink packets on a GTPv0 path to a xGGSN and convert this to GTPv1 to the RNC.
4.1.3.12
GTP-U Transmission Mode:

One mode of operation of the GTP‑U layer is supported for information transfer between the xGGSN and cSGSN; unacknowledged (UDP/IP). In Iu mode, GTP‑U is also used on the Iu interface for user data transport. Only the unacknowledged mode (UDP/IP) is supported on the Iu interface.

4.1.3.13
PPP Termination:

The user plane for the PDP type PPP consists of a PPP protocol stack above PDCP for Iu mode in the MS, and above GTP in the xGGSN. The xGGSN may either terminate the PPP protocol and access the packet data network at the IP level, or further tunnel PPP PDUs via e.g. L2TP.
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4.1.3.14
GTP Sequence number generation/termination
The GTP‑U PDU sequence numbers allocated by the xGGSN (downlink) and SRNS/SBSS (uplink) are kept unchanged irrespective of the number of GTP tunnels the PDU is transferred over. The GTP‑U PDU sequence numbers allocated by the xGGSN (downlink) and SRNS/SBSS (uplink) are kept unchanged irrespective of the number of GTP tunnels the PDU is transferred over. 
The GTP-U protocol entity must reorder out of sequence T-PDUs when in sequence delivery is required. This is optional at the cSGSN in UMTS. The GTP-U protocol entity shall deliver to the user plane entity only in sequence T‑PDUs and notify the sequence number associated to each of them. The notification of the sequence number is not necessary at the GGSN, but it is mandatory at the cSGSN and RNC. The user plane entity shall provide a sequence number to the GTP-U layer together with T-PDUs to be transmitted in sequence. GTP-U protocol entities at the xGGSN may optionally generate autonomously the sequence number, but should be able to use sequence numbers provided by the user plane entity. The sequence number is handled on a per GTP-U Tunnel (that is TEID) basis.

The receiving cGGSN and SRNC shall reorder the incoming T-PDUs in sequence if the Reordering Required flag in the PDP context is set. In this case, if needed, the receiving xGGSN and SRNC shall take into account a maximum number of valid received frames and a maximum elapsed time to assume that a G-PDU was lost.

PDP PDUs may be re-sequenced in the RNC, the cSGSN, and/or in the xGGSN depending on the setting of the delivery order attribute in the QoS profile. The xGGSN relay function may perform re-sequencing of PDP PDUs before passing the PDP PDUs to the Gi reference point. The RNC may perform re-sequencing of PDP PDUs before passing the PDP PDUs to PDCP.
4.1.3.15
Sequence number tunnelling
When the sequence number is included in the GTP-U header, a user plane entity acting as a relay of T-PDUs between GTP-U protocol entities, or between PDCP protocol entities and GTP-U protocol entities, shall relay the sequence numbers between those entities as well. In this way it is possible to keep consistent values of sequence numbers from the xGGSN to the UE by relaying the sequence number across the CN GTP-U bearer, the Iu GTP-U bearer and the Radio bearer (via PDCP or SNDCP N-PDU numbers). This functionality is beneficial during SRNS relocation.

The G-PDU sequence numbers allocated by the xGGSN (down-link) and SRNC (uplink) are kept unchanged irrespective of the number of GTP tunnels the PDU is transferred over. Therefore, cSGSN shall use on the Iu interface for down-link PDUs the G-PDU sequence number received from the xGGSN, and shall use on the Gn interface for uplink PDUs the G-PDU sequence number received from the SRNC. In case of SRNS relocation and intersystem change, the SRNC and cSGSN shall tunnel PDUs without changing the G-PDU sequence numbers.
4.1.3.16
IP Fragmentation

Here it is described how the fragmentation mechanism shall work together with GTP, when the GPRS backbone is based on IPv4.

However, fragmentation should be avoided if possible. Examples of fragmentation drawbacks are, e.g.:


Fragmentation is inefficient, since the complete IP header is duplicated in each fragment.


If one fragment is lost, the complete packet has to be discarded. The reason is that no selective retransmission of fragments is possible.

By using Path MTU discovery the application may find out the MTU, and thereby utilise more efficient segmentation mechanisms in other protocol layers than IP.

The maximum size of a T-PDU that may be transmitted without fragmentation by xGGSN or the MS is 1 502 octets (PPP) and 1 500 octets for normal PDP Context.

All backbone links should have MTU values that exceeds the sum of the maximum value plus the size of the tunnel headers (IP header, UDP and GTP header) in order to avoid fragmentation in the backbone.

4.1.3.16.1
MO Direction

SGSN: A packet from an MS shall be encapsulated at the RNC with a GTP header, UDP and IP header. If the resulting IP packet is larger than the MTU of the first link towards the GGSN, fragmentation of the IP packet shall be performed by the RNC. The RNC should preferably fragment the IP packet if it is larger than the MTU of any link between RNC and GGSN. During a inter cSGSN RAU the oldSgsn may also fragment IP packets. 
GGSN: The xGGSN shall assemble any IP fragments received from RNC, according to IPv4. Note that if any fragment is lost, the whole packet shall be discarded.

4.1.3.16.2
MT Direction

GGSN: A packet from an external host shall be encapsulated at the GGSN with a GTP header, UDP and IP header. If the resulting IP packet is larger than the MTU on the first link towards the RNC, fragmentation of the IP packet shall be performed by the GGSN. The GGSN should preferably fragment the IP packet if it is larger than the MTU of any link between GGSN and RNC.

SGSN: The RNC shall assemble any IP fragments received from the GGSN, according to IPv4. Note that if any fragment is lost, the whole packet shall be discarded.

4.1.3.16.3
Tunnelling from old to new SGSN

Old cSGSN: A user packet shall be encapsulated with a GTP header, UDP and IP header. If the resulting IP packet is larger than the MTU on the first link towards the new cSGSN, fragmentation of the IP packet shall be performed by the old cSGSN. The old cSGSN should preferably fragment the IP packet if it is larger than the MTU of any link between old and new cSGSN.

New cSGSN: The new cSGSN shall assemble any IP fragments received from the old cSGSN, according to IPv4. Note that if any fragment is lost, the whole packet shall be discarded.

4.1.4 
CN nodal user plane responsibility
Table xx shows a summary of the CN user plane functions along with the respective nodes providing the functionality.

	User Plane Function
	SGSN
	GGSN
	One Tunnel
	GGSN Bearer Relay

	
	
	
	cSGSN
	xGGSN
	cSGSN
	xGGSN

	Packet routing and transfer
	x
	x
	
	x
	
	x

	Segmentation and Reassembly
	
	x
	
	x
	
	X

	Relay Function 
	X
	
	
	
	
	x

	Encapsulation Function
	x
	x
	
	x
	
	X

	Encapsulation Between GSNs
	x
	x
	
	
	
	x

	Encapsulation Between SGSN and RAN in Iu mode
	
	
	
	
	
	

	Tunnelling Function
	x
	x
	
	x
	
	X

	Setup and monitoring CAMEL volume reporting
	x
	
	
	x
	
	X

	Reporting of Charging volume for billing
	x
	x
	
	x
	
	X

	Lawful interception
	x
	
	
	
	
	X

	Buffering Function
	x
	
	
	x
	
	X

	Page Initiation for PMM-IDLE Ues
	x
	
	
	x
	
	X

	Dual Stack for GTPv0 and GTPv1
	x
	x
	
	x
	
	x

	GTP-U Transmission Mode (UDP)
	x
	x
	
	x
	
	X

	PPP Termination:
	
	x
	
	x
	
	X

	GTP Sequence number generation/termination
	
	x
	
	X
	
	x

	Sequence number tunnelling
	x
	
	
	x
	
	X

	IP Fragmentation
	x
	
	
	
	
	X


--------------------------------------------------------------------end of first change----------------------------------------------
--------------------------------------------------------------------start of second change-----------------------------------------
6.2
GGSN
A xGGSN shall support the following Transport Network option

· ATM transport

· Ipv4 (RFC 791) protocol shall be supported, Ipv6 (RFC 2460) support is optional.

--------------------------------------------------------------------end of second change---------------------------------------------
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