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Abstract of the contribution: In this contribution, the existing functionality of S-GW, P-GW and TDF is listed and structured in a table to have a common basis for all solution descriptions of the control and user plane separation study. 
1. Introduction
Every potential solution to Key issue 1 – Functionality split into user plane and control plane functions – has to provide the existing functionality of EPC’s S-GW, P-GW and TDF in such a way that the whole system behaviour as well as the interworking with the other functional entities of the EPC is unchanged. 
To ensure that potential solutions provide the very same minimum functionality and to ease the evaluation and comparison process it is suggested to list and structure the existing functionality of S-GW, P-GW and TDF in a single table. 

The table can then be used by every solution description to show the allocation of existing functions to control and/or user plane, to group control functions of the same plane together as well as to identify additional functions that are necessary to support the specific solution. 

2. Discussion

2.1 Functionalities of SGW
As specified in TS 23.401 (clause 4.4.3.2), the SGW has the following functionalities:
-
the local Mobility Anchor point for inter-eNodeB handover;

-
sending of one or more "end marker" to the source eNodeB, source SGSN or source RNC immediately after switching the path during inter-eNodeB and inter-RAT handover, especially to assist the reordering function in eNodeB.

-
Mobility anchoring for inter-3GPP mobility (terminating S4 and relaying the traffic between 2G/3G system and PDN GW);

-
ECM-IDLE mode downlink packet buffering and initiation of network triggered service request procedure and optionally Paging Policy Differentiation;

-
Lawful Interception;

-
Packet routing and forwarding;

-
Transport level packet marking in the uplink and the downlink, e.g. setting the DiffServ Code Point, based on the QCI of the associated EPS bearer;

-
Accounting for inter-operator charging. For GTP-based S5/S8, the Serving GW generates accounting data per UE and bearer;

-
Interfacing OFCS according to charging principles and through reference points specified in TS 32.240;

-
Forwarding of "end marker" to the source eNodeB, source SGSN or source RNC when the "end marker" is received from PGW and the Serving GW has downlink user plane established. Upon reception of "end marker", the Serving GW shall not send Downlink Data Notification.
2.2 Functionalities of PGW
As specified in TS 23.401 (clause 4.4.3.3), the PGW has the following functionalities:

-
Per-user based packet filtering (by e.g. deep packet inspection);

-
Lawful Interception;

-
UE IP address allocation;

-
Transport level packet marking in the uplink and downlink, e.g. setting the DiffServ Code Point, based on the QCI of the associated EPS bearer;

-
Accounting for inter-operator charging: for home routed roaming, the P-GW shall collect and report the uplink and downlink data volume (per EPS bearer) as received from and sent to the serving node;

-
UL and DL service level charging as defined in TS 23.203 (e.g. based on SDFs defined by the PCRF, or based on deep packet inspection defined by local policy);

-
Interfacing OFCS through according to charging principles and through reference points specified in TS 32.240;
-
UL and DL service level gating control as defined in TS 23.203;

-
UL and DL service level rate enforcement as defined in TS 23.203 (e.g. by rate policing/shaping per SDF);

-
UL and DL rate enforcement based on APN-AMBR (e.g. by rate policing/shaping per aggregate of traffic of all SDFs of the same APN that are associated with Non-GBR QCIs);

-
DL rate enforcement based on the accumulated MBRs of the aggregate of SDFs with the same GBR QCI (e.g. by rate policing/shaping);

-
DHCPv4 (server and client) and DHCPv6 (client and server) functions;

-
The network does not support PPP bearer type in this version of the specification. Pre-Release 8 PPP functionality of a GGSN may be implemented in the PDN GW;

-
packet screening;

-
Sending of one or more "end marker" to the source SGW immediately after switching the path during SGW change;

-
PCC related features (e.g. involving PCRF and OCS) as described in TS 23.203.
Additionally the PGW includes the following functions for the GTP-based S5/S8:

-
UL and DL bearer binding as defined in TS 23.203;

-
UL bearer binding verification as defined in TS 23.203;

-
Functionality as defined in RFC 4861;

-
Accounting per UE and bearer.
2.3 Functionalities of TDF

Based on the description in TS 23.203, the TDF has the following functionalities in addition to the PCC related functions of the PGW (listed in section 2.2 above):

-
DL DSCP marking of detected applications to use PCC related functions in the PCEF(PGW);

-
Control of PCRF forwarding of required event triggers.
2.4 Functionalities of SGW, PGW and TDF

The following table combines and structures the existing functionality of S-GW, P-GW and TDF. Some of the main functions are further split into sub-functionality which may require an independent control/interaction between the respective control and user plane entity. 
	Main functionality
	Sub-functionality
	S-GW
	P-GW
	TDF

	Session management

(default & dedicated bearer establishment, bearer modification, bearer deactivation)
	Admission control and resource management
	X
	X
	

	
	IP address and TEID assignment for GTP-U
	X
	X
	

	
	Packet routing and forwarding
	DL/UL: GTP-U
	DL: GTP-U, traffic steering

UL: traffic steering
	

	
	Packet marking for transport network QoS 
	DL/UL DSCP marking for QoS in transport
	DL DSCP marking for QoS in transport
	DL DSCP marking for appl. indication 

	UE IP address management
	IP address allocation from local pool 
	
	X
	

	
	DHCPv4 / DHCPv6 (client and server) 
	
	X
	

	
	Functionality as defined in RFC 4861
	
	X
	

	Support for UE mobility
	Forwarding of "end marker" (as long as user plane to source eNB exists)
	X
	
	

	
	sending of "end marker" after switching the path to target node 
	inter-eNodeB and inter-RAT HOV
	SGW change
	

	
	forwarding of buffered packet (5.3.3.1A)
	X
	
	

	
	change of target GTP-U node (e.g. handover procedures, EUTRAN initiated E-RAB modification procedure)
	X
(intra-3GPP RAT HO with eNB change)
	X
(intra-3GPP RAT HO with SGW change)
	

	S1-Release / Buffering / Downlink Data Notification
	ECM-IDLE mode DL packet buffering 
Downlink Data Notification message generation per bearer (multiple, if DL packet received on higher ARP than previous DDN). 
Inclusion of DSCP of packet in DDN message for Paging Policy Differentiation
Delay Downlink Data Notification Request (if terminating side replies to uplink data after UE service request before SGW gets updated) 
	X


	
	

	
	extended buffering of downlink data when the UE is in a power saving state and not reachable (high latency communication)

dropping of downlink data (if MME has requested SGW to throttle downlink low priority traffic and if the downlink data packet is received on such a bearer (see 4.3.7.4.1a).
	X

X


	
	

	
	PGW pause of charging procedure based on operator policy/configuration the SGW (failed paging, abnormal radio link release, number/fraction of packets/bytes dropped at SGW)
	X
	X
	

	Bearer/APN policing
	UL/DL APN-AMBR enforcement
	
	X
	X

	
	UL/DL bearer MBR enforcement (for GBR bearer)
	
	X
	

	
	UL/DL bearer MBR enforcement (for nonGBR bearer on Gn/Gp interface)
	
	X
	

	PCC related functions
	Packet inspection (DPI, IP-5-tuple)
	
	X
	X

	
	Bearer binding (bearer QoS & TFT)
	
	X
	

	
	UL bearer binding verification
	
	X
	

	
	UL and DL service level gating control
	
	X
	X

	
	UL and DL service level MBR enforcement
	
	X
	X

	
	UL and DL service level charging (online & offline, per charging key)
	
	X
	X

	
	Usage monitoring
	
	X
	X

	
	Event reporting (including application detection)
	
	X
	X

	
	Forwarding of event reporting
	
	
	X

	
	http redirection
	
	X
	X

	
	FMSS handling and traffic marking
	
	X
	X

	
	NBIFOM support
	
	X
	

	
	
	
	
	

	Inter-operator charging (counting of volume and time)
	Accounting per UE and bearer 
	X
	X
	

	
	Interfacing OFCS through reference points specified in TS 32.240
	X
	X
	only in LBO scenario

	Load/overload control functions
	Exchange of overload control information and actions during peer node overload 
	X
	X
	

	Legal intercept
	Interfacing LI functions through reference points specified in TS33.107
	X
	X
	

	Packet screening function 
	(check that UE uses only assigned IP addresses in uplink packets)
	
	X
	

	Restoration and recovery
	
	X
	X
	X

	GTP bearer and path management 
	Generation of echo request
Handling of echo response

Handling of echo request timeout

Handling of Error Indication message
	X
	X
	

	
	
	
	
	


3. Proposal

It is proposed that the following text is added into clause 4 of TR 23.714.
****** Start of change ******
4.x
Existing functionality of S-GW, P-GW and TDF
This section documents the existing functionality of S-GW, P-GW and TDF as described in TS 23.401 [2], TS 23.402 [3] and TS 23.203 [4] to have a common basis for all solution descriptions of the study.
Table y: Existing functionality of S-GW, P-GW and TDF
	Main functionality
	Sub-functionality
	S-GW
	P-GW
	TDF

	Session management

(default & dedicated bearer establishment, bearer modification, bearer deactivation)
	Admission control and resource management
	X
	X
	

	
	IP address and TEID assignment for GTP-U
	X
	X
	

	
	Packet routing and forwarding
	DL/UL: GTP-U
	DL: GTP-U, traffic steering

UL: traffic steering
	

	
	Packet marking for transport network QoS 
	DL/UL DSCP marking for QoS in transport
	DL DSCP marking for QoS in transport
	DL DSCP marking for appl. indication 

	UE IP address management
	IP address allocation from local pool 
	
	X
	

	
	DHCPv4 / DHCPv6 (client and server) 
	
	X
	

	
	Functionality as defined in RFC 4861
	
	X
	

	Support for UE mobility
	Forwarding of "end marker" (as long as user plane to source eNB exists)
	X
	
	

	
	sending of "end marker" after switching the path to target node 
	inter-eNodeB and inter-RAT HOV
	SGW change
	

	
	forwarding of buffered packet (5.3.3.1A)
	X
	
	

	
	change of target GTP-U node (e.g. handover procedures, EUTRAN initiated E-RAB modification procedure)
	X

(intra-3GPP RAT HO with eNB change)
	X

(intra-3GPP RAT HO with SGW change)
	

	S1-Release / Buffering / Downlink Data Notification
	ECM-IDLE mode DL packet buffering 
Downlink Data Notification message generation per bearer (multiple, if DL packet received on higher ARP than previous DDN). 

Inclusion of DSCP of packet in DDN message for Paging Policy Differentiation
Delay Downlink Data Notification Request (if terminating side replies to uplink data after UE service request before SGW gets updated) 
	X


	
	

	
	extended buffering of downlink data when the UE is in a power saving state and not reachable (high latency communication)

dropping of downlink data (if MME has requested SGW to throttle downlink low priority traffic and if the downlink data packet is received on such a bearer (see 4.3.7.4.1a).
	X

X


	
	

	
	PGW pause of charging procedure based on operator policy/configuration the SGW (failed paging, abnormal radio link release, number/fraction of packets/bytes dropped at SGW)
	X
	X
	

	Bearer/APN policing
	UL/DL APN-AMBR enforcement
	
	X
	X

	
	UL/DL bearer MBR enforcement (for GBR bearer)
	
	X
	

	
	UL/DL bearer MBR enforcement (for nonGBR bearer on Gn/Gp interface)
	
	X
	

	PCC related functions
	Packet inspection (DPI, IP-5-tuple)
	
	X
	X

	
	Bearer binding (bearer QoS & TFT)
	
	X
	

	
	UL bearer binding verification
	
	X
	

	
	UL and DL service level gating control
	
	X
	X

	
	UL and DL service level MBR enforcement
	
	X
	X

	
	UL and DL service level charging (online & offline, per charging key)
	
	X
	X

	
	Usage monitoring
	
	X
	X

	
	Event reporting (including application detection)
	
	X
	X

	
	Forwarding of event reporting
	
	
	X

	
	http redirection
	
	X
	X

	
	FMSS handling and traffic marking
	
	X
	X

	
	NBIFOM support
	
	X
	

	
	
	
	
	

	Inter-operator charging (counting of volume and time)
	Accounting per UE and bearer 
	X
	X
	

	
	Interfacing OFCS through reference points specified in TS 32.240
	X
	X
	only in LBO scenario

	Load/overload control functions
	Exchange of overload control information and actions during peer node overload 
	X
	X
	

	Legal intercept
	Interfacing LI functions through reference points specified in TS33.107
	X
	X
	

	Packet screening function 
	(check that UE uses only assigned IP addresses in uplink packets)
	
	X
	

	Restoration and recovery
	
	X
	X
	X

	GTP bearer and path management 
	Generation of echo request

Handling of echo response

Handling of echo request timeout

Handling of Error Indication message
	X
	X
	

	
	
	
	
	


****** End of change ******
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