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Rationale

Mobile operators are seeing significant increases in user data traffic. For some operators, user data traffic has more than doubled annually for several years. The reasons for this growth in traffic are the rapidly increasing use of smart phones and tablet like devices, and the proliferation of video and other applications that they support, as well as the use of USB modem dongles and personal hotspots for laptops to provide mobile Internet access using 3GPP networks. As the penetration of these terminals increases worldwide and the interest in content-rich multi-media services (e.g. OTT video streaming services, Person to person video, content sharing) rises, this trend of rapidly increasing data traffic is expected to continue and accelerate.
At the same time, there is a strong expectation to further improve the user experience of services like social networks, electronic business, Internet searching. Lower latency is one of the critical performance KPIs to meet for those services.
Simply redistributing S/P-GW and TDF closer to the RAN may resolve the above issues but may also multiply the number of interfaces to other network entities like MME, PCRF and charging systems, resulting in an impact on configuration and network management.
Hence, it seems desirable to study possibilities for a separation of S/P-GW and TDF functionality into user plane functions and control plane functions, so that the user plane functions can be placed flexibly (e.g. centrally or closer to the RAN) while the control plane functions could still remain centralized and continue to support the interfaces to the other network entities (like MME, PCRF, Charging Systems). In this document, we will discuss the possibility of the study on CUPS.
4
Discussion
4.1
Introduction
The SA2 WID of Architecture enhancements for control and user plane separation of EPC nodes [1] is ongoing to define a new architecture which intends to perform a split of control plane and user plane functional for S-GW, P-GW and TDF. The intention is to split these nodes in two parts one handling control plane procedures and another handling the user plane.

The new architecture should full fill the following requirements

-
be able to interwork with networks without the control plane and user plane split network functions (i.e. in case of roaming scenarios). In addition, split network functions should be able to interwork with network functions that are not split within the same network.

-
not impact UE and Radio Access Network.

-
not introduce new reference points other than those between S-GW’s, P-GW’s, TDF’s corresponding control and user plane functions.

-
use the S-GW/P-GW selection function of the MME/ePDG/TWAN for the selection of the control plane functional entities.

-
use the existing configuration based mechanism (in P-GW or PCRF) for the selection of the control plane functional entity of the TDF.

-
support one or more control plane functional entities interfacing with one or more user plane functional entities (e.g. to enable independent scalability of control plane functional entity and user plane functional entity).
4.2
Status of the work in SA2

Currently, the status of this work is in the work item phase in SA2. Figure 1 exhibits the architecture reference model in the case of separation between control plane and user plane. This architecture reference model covers non-roaming as well as home routed and local breakout roaming scenarios.
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Figure 1: Architecture reference model with separation of user plane and control plane for non-roaming and roaming scenarios
The following Key issue have been studied:
1) Functionality split into user plane and control plane functions
2) Selection mechanism for user plane functional entities

Functional split into user plane and control plane functions

On functional split SA2 is doing the analysis based on procedures in TS 23.401 and TS 23.402 i.e. which procedure are only valid for user plane or control plane or both. This split is done on a per node basis and the OAM interfaces is left to SA5:
Table 1: Functional split of SGW
	Main functionality
	Sub-functionality
	SGW-C
	SGW-U
	Comments

	A. Session management (default & dedicated bearer establishment, bearer modification, bearer deactivation)
	1. Resource management for bearer resources
	X
	X
	FFS

	
	2. IP address and TEID assignment for GTP-U
	X
	X
	

	
	3. Packet forwarding
	
	X
	

	
	4. Transport level packet marking 
	
	X
	

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

	
	2. Sending of "end marker" after switching the path to target node 
	X
	X
	

	
	3. Forwarding of buffered packet 
	X
	X
	

	
	4. Change of target GTP-U endpoint within 3GPP accesses
	X
	X
	

	
	5. Change of target GTP-U endpoint between 3GPP and non-3GPP access
	
	
	N/A

	D. S1-Release / Buffering / Downlink Data Notification
	1. ECM-IDLE mode DL packet buffering; Triggering of 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
	X
	X


	

	
	2. Delay Downlink Data Notification Request (if terminating side replies to uplink data after UE service request before SGW gets updated) 
	X


	
	

	
	3. 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
	X


	X
	

	
	4. 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
	

	G. NBIFOM
	Non-PCC aspects of NBIFOM
	X
	
	

	H. Inter-operator accounting (counting of volume and time)
	1. Accounting per UE and bearer 
	
	X
	

	
	2. Interfacing OFCS through reference points specified in TS 32.240 [2]
	X
	
	

	I. Load/overload control functions
	Exchange of load/overload control information and actions during peer node overload 
	
	
	As defined in CT4 TS 29.809 [4]

	J. Legal intercept
	Interfacing LI functions through reference points specified in TS 33.107 [3] and performing LI functionality
	X
	X
	

	L. Restoration and recovery
	
	
	
	As defined in CT4 TS 23.857 [5]

	N. OAM interfaces
	
	
	
	As defined in SA5 TS 32.426 [6], TS 32.752 [7] and TS 32.753 [8]

	O. GTP bearer and path management
	Generation of echo request, handling of echo response, echo request timeout and Error Indication message
	
	
	As defined in CT4 TS 29.274 [9]


Table 2: Functional split of PGW
	Main functionality
	Sub-functionality
	PGW-C
	PGW-U
	Comments

	A. Session management (default & dedicated bearer establishment, bearer modification, bearer deactivation)
	1. Resource management for bearer resources
	X
	X
	FFS

	
	2. IP address and TEID assignment for GTP-U
	X
	X
	

	
	3. Packet forwarding
	
	X
	

	
	4. Transport level packet marking 
	
	X
	

	B. UE IP address management
	1. IP address allocation from local pool 
	X
	
	

	
	2. DHCPv4 / DHCPv6 client
	X
	
	

	
	3. DHCPv4 / DHCPv6 server 
	X
	
	

	
	4. Router advertisement, router solicitation, neighbour advertisement, neighbour solicitation (as in RFC 4861)
	X
	
	

	C. Support for UE mobility
	1. Forwarding of "end marker" (as long as user plane to source eNB exists)
	
	
	N/A

	
	2. Sending of "end marker" after switching the path to target node 
	X
	X
	

	
	3. Forwarding of buffered packet 
	
	
	N/A

	
	4. Change of target GTP-U endpoint within 3GPP accesses
	X
	X
	

	
	5. Change of target GTP-U endpoint between 3GPP and non-3GPP access
	X
	X
	

	D. S1-Release / Buffering / Downlink Data Notification
	1. ECM-IDLE mode DL packet buffering; Triggering of 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
	
	
	N/A

	
	2. Delay Downlink Data Notification Request (if terminating side replies to uplink data after UE service request before SGW gets updated) 
	
	
	N/A

	
	3. 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).
	
	
	N/A

	
	4. 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
	

	E. Bearer/APN policing
	1. UL/DL APN-AMBR enforcement
	
	X
	

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

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

	F. PCC related functions
	1. Service detection (DPI, IP-5-tuple)
	
	X
	

	
	2. Bearer binding (bearer QoS & TFT)
	X
	
	

	
	3. UL bearer binding verification and mapping of DL traffic to bearers
	
	X
	

	
	4. UL and DL service level gating 
	
	X
	

	
	5. UL and DL service level MBR enforcement
	
	X
	

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

	
	7. Usage monitoring
	X
	X
	

	
	8. Event reporting (including application detection)
	X
	X
	

	
	9. Request for forwarding of event reporting
	
	
	N/A

	
	10. Redirection
	X
	X
	

	
	11. FMSS handling 
	
	X
	

	
	12. PCC support for NBIFOM 
	X
	
	

	
	13. DL DSCP marking for application indication
	
	
	N/A

	
	14. Predefined PCC/ADC rules activation and deactivation
	X
	X
	

	G. NBIFOM
	Non-PCC aspects of NBIFOM
	X
	
	

	H. Inter-operator accounting (counting of volume and time)
	1. Accounting per UE and bearer 
	
	X
	

	
	2. Interfacing OFCS through reference points specified in TS 32.240 [2]
	X
	
	

	I. Load/overload control functions
	Exchange of load/overload control information and actions during peer node overload 
	
	
	As defined in CT4 TS 29.809 [4]

	J. Legal intercept
	Interfacing LI functions through reference points specified in TS 33.107 [3] and performing LI functionality
	X
	X
	

	K. Packet screening function
	
	
	X
	

	L. Restoration and recovery
	
	
	
	As defined in CT4 TS 23.857 [5]

	M. RADIUS / Diameter on SGi
	
	X
	X
	

	N. OAM interfaces
	
	
	
	As defined in SA5 TS 32.426 [6], TS 32.752 [7] and TS 32.753 [8]

	O. GTP bearer and path management
	Generation of echo request, handling of echo response, echo request timeout and Error Indication message
	
	
	As defined in CT4 TS 29.274 [9]


Table 3: Functional split of TDF

	Main functionality
	Sub-functionality
	TDF-C
	TDF-U
	Comments

	E. Bearer/APN policing
	1. UL/DL APN-AMBR enforcement
	
	X
	

	
	2. UL/DL bearer MBR enforcement (for GBR bearer)
	
	
	N/A

	
	3. UL/DL bearer MBR enforcement (for nonGBR bearer on Gn/Gp interface)
	
	
	N/A

	F. PCC related functions
	1. Service detection (DPI, IP-5-tuple)
	
	X
	

	
	2. Bearer binding (bearer QoS & TFT)
	
	
	N/A

	
	3. UL bearer binding verification and mapping of DL traffic to bearers
	
	
	N/A

	
	4. UL and DL service level gating 
	
	X
	

	
	5. UL and DL service level MBR enforcement
	
	X
	

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

	
	7. Usage monitoring
	X
	X
	

	
	8. Event reporting (including application detection)
	X
	X
	

	
	9. Request for forwarding of event reporting
	X
	
	

	
	10. Redirection
	X
	X
	

	
	11. FMSS handling 
	
	X
	

	
	12. PCC support for NBIFOM 
	
	
	N/A

	
	13. DL DSCP marking for application indication
	
	X
	

	
	14. Predefined PCC/ADC rules activation and deactivation
	X
	X
	

	H. Inter-operator accounting (counting of volume and time)
	1. Accounting per UE and bearer 
	
	
	N/A

	
	2. Interfacing OFCS through reference points specified in TS 32.240 [2]
	X
	
	

	I. Load/overload control functions
	Exchange of load/overload control information and actions during peer node overload 
	
	
	As defined in CT4 TS 29.809 [4]

	L. Restoration and recovery
	
	
	
	As defined in CT4 TS 23.857 [5]

	N. OAM interfaces
	
	
	
	As defined in SA5 TS 32.426 [6], TS 32.752 [7] and TS 32.753 [8]


Selection mechanism for user plane functional entities

The selection of the user plane function is performed by its respective control plane entity, and the selection of the collocated PGW and SGW control plane function is supported by the MME 

4.3
Summary, next step
As restoration and recovery procedures have been analysed in CT4 and SA2 has concluded stage 2 procedure, it is time to consider the management and charging for control and user plane split in the area of SA5. Hence, analyse separation of user plane functionality from control plane functionality in the S-GW, P-GW and TDF of EPC according to TS 23.214 [1] could be studied in SA5.
The following aspects could be considered:
-
Performance measurements of Control Plane functionality and User plane functionality.

-
Performance notification of control plane functionality and user plane functionality.
-
Update to Information Objective Class mapping of control plane and user plane in TS 32.753 [8].

It would be SA5’s task to decide the functionality of each plane as well as their interworking and relationship. Huawei intends to bring a WID as soon as SA2 study is getting mature.
