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1. Introduction
As specified in the TS 23.214, chapter 5.6.2, there are some scenarios requiring the user data to be forwarded between the UP and the CP. See below:

Table 5.6.2-1: Forwarding information for different scenarios

	
	Scenario description
	Packet detection information
	Forwarding target and operation
	Applicable to

	1
	Forwarding of user-plane between UE and PDN, including mapping onto GTP-U tunnels and mapping between GTP-U tunnels
	PDN Connection and/or bearer level information


	GTP-U encapsulation information (F-TEID)
	SGW, PGW

	2
	Forwarding of user-plane packets from UE and CP function (e.g. RS/RA, DHCPv4/v6, traffic subject to HTTP redirect etc) 
	L3, L4 or application level packet filter describing the traffic 
	Information that the CP function is source/target (CP function IP address)
	PGW 

	3
	Forwarding of packets from the external PDN / SGi and the CP function (e.g. for RADIUS, Diameter and DHCP signalling, traffic subject to HTTP redirect etc)
	L3, L4 or application level packet filter describing the traffic 
	Information that the CP function is source/target (CP function IP address)
	PGW

	4
	Forwarding of packets subject to buffering in CP function
	UE/PDN Connection level information
	Information that the CP function is source/target (CP function IP address)
	SGW

	5
	Forwarding of packets between the UP function and the SGi-LAN for Flexible Mobile Service Chaining
	L3, L4 or application level packet filter describing the traffic 
	Reference to a predefined traffic steering configuration (e.g. Traffic-Steering Policy identifier)
	PGW, TDF


The scenarios 2, 3 and 4 are eligible for the packets forwarding between the CP and the UP. The user data packets may be associated with a PDN connection, however in some scenarios, e.g. for the scenario 3, the signaling messages for for RADIUS, Diameter and DHCP signaling between PDN/SGi and CP is applicable for all PDN connections towards that Packet Data Network, and such signaling procedure takes place before any Sx session for a PDN connection is established, and these packets shall not be charged, be applied with UE specific QoS. 

At last CT4 meeting, it has been decided to use GTP-U as UP encapsulation protocol. This paper discusses how the user data can be encapsulated, e.g. when a common GTP-U tunnel for the whole UP function or per Packet Data Network can be allocated, or when a GTP-U tunnel need be allocated per bearer for a PDN connection. 
2. Discussions:
A. Sx-u tunnel(s) for a PDN connection:
The following diagram depicts the data transferring between the SGW-C and SGW-U for the scenario 4 with  a PDN connection with two bearer context active:
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Figure 1

These pair of Sx GTP-U tunnels are used to forward the DL user data from the UP to the CP and to forward the buffered data from the CP to the UP when the RAN F-TEID becomes available. 
The local TEIDs (5 and 6) are required to be allocated in the User Plane in corresponding to two active bearer contexts; and similarly the local TEIDs(x, y) are required to be allocated in the CP. The Sx-u GTP-u tunnel end points are allocated per bearer context, is to simplify the logic in the both CP and UP. e.g. 

If TEID 1, 3 and are allocated for the first bearer; TEID 2, 4 and 6 are for the second bearer; this allows the UP to make fast tunnel switching; this allows the CP to know which bearer has received bearer.
Technically it is possible to allocate only one tunnel between the CP and UP, i.e. one local TEID in the CP and another local TEID in the UP (since GTP-u tunnel is uni-directional) even there are multiple bearer contexts in this PDN connection. But there are problems when a combined SGW-U/PGW-U is in place, where the payload IP packets will directly send to the CP, the control plane need packet inspection function to perform bearer binding, to determine how to set parameters, e.g. EBI/ARP in the DDN message. When the payload IP data is sent back to the UP, the UP need again perform packet matching process to determine bearer binding.
The SGW-U may need to send the whole S5 GTP-U packets to the SGW-C to buffer, since S5 GTP-U header may contain some useful information to be used when send the packet to the RAN, e.g. Service Capability Indicator in the GTP-U header extension for GERAN access when the SIRIG is deployed. 

Conclusion 1: It is proposed to establish one Sx-u tunnel per bearer context for a PDN connection. This principle is valid regardless if a SGW-U, a PGW-U or a combined SGW-U/PGW-U is used.
Conclusion 2: Based on the configuration and network deployment, a SGW-U may be configured to send whole S5/S8 GTP-U packets, or only inner payload packets. The SGW-C or the combined SGW-C/PGW-C shall always send the intact buffered data back to the UP. 
b. Common Sx-u tunnel per User Plane entity per Interface direction or PDN
The following diagram (figure 2) depicts the data transferring between the PGW-C and PGW-U for the packets associated with a PDN connection, it requires to allocate at least 2 local TEIDs in the UP, to have corresponding PDRs & FARs to forward the received data to the right direction, i.e. either to the UE, or to the Packet Data Network:
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Figure 2

In the diagram, the local TEIDs 3, 4 are allocated in the UP, where the TEID 3 is used to forward the incoming traffic from the CP to the UE, e.g. for IPv6 RA; the TEID 4 is used to forward the incoming traffic from CP to the PDN/SGi, e.g. for transferring signaling messages towards e.g. in-band Radius/DHCP server. The local TEIDs (x, y) are allocated in the CP, to receive UL and DL user data. 
For the first case, forwarding data to the UE, where the data is only for a given PDN connection; therefore, it shall follow the same principle in the conclusion 1. 

For the second case, e.g. forwarding signaling messages towards e.g. in-band Radius server, where such user data is not associated with any PDN connections, or has not been identified to be associated with any PDN connections, more examples as below:

1. In the scenario 3, when communication between the PGW-C and in-band Radius/DHCP server;
2. The dynamic routing protocol messages, e.g. OSPF/BGP, communicated between PGW-C and the routers in the PDN, to advise the traffic going via certain UP function;
3. The heartbeat messages, e.g. between PGW-C and P-CSCF for IMS recovery.

4. Wildcard Packet Detection Rule may be configured to direct DL/UL packets to the CP, where the packets don't match to any PDRs with higher precedence. 

In those scenarios, to use a common Sx tunnel is more appropriate. 

Conclusion 3: A common tunnel (per UP function, and/or per Packet Data Network) may be created for transferring such packets which are not associated with any PDN connection between the CP and the UP by configuring corresponding PDRs & FARs.
3. Proposal 
It is proposed to document conclusions in the 3GPP TS 29.244.
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