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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The objective of this Technical Report is to study and perform an evaluation of potential architecture enhancements for the separation of user plane functionality from control plane functionality in the EPC's S-GW, P-GW and TDF to further enable flexible (i.e. distributed or centralized) network deployment and operation. 
Specifically, the following aspects are covered:

-
Functional separation of the S-GW, P-GW and TDF into control plane and user plane functions, while not affecting the overall functionality provided by these nodes.
-
The needed reference points between the separated control plane and user plane functions of the S-GW, P-GW and TDF and the corresponding procedures.
-
Impacts to other EPC entities and interfaces that are essential to support the separation of S-GW, P-GW and TDF into control plane and user plane functions, and to enable the flexible placement of the separated control plane and user plane functions for supporting diverse deployment scenarios.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN) access".

[3]
3GPP TS 23.402: "Architecture enhancements for non-3GPP accesses”. 
[4]
3GPP TS 23.203: "Policy and charging control architecture".
3
Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1], 3GPP TS 23.401 [2], 3GPP TS 23.402 [3], 3GPP TS 23.203 [4] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1], 3GPP TS 23.401 [2], 3GPP TS 23.402 [3], 3GPP TS 23.203 [4] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>
4
Architectural considerations
Editor's Note: This clause will document any architectural assumptions and requirements, the baseline architecture and an overview about the main functions of the S-GW, P-GW and TDF.

4.1
Architectural assumptions and requirements
The new architecture defined to introduce control plane and user plane functional split for S-GW, P-GW, TDF shall:

-
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
Baseline architecture
The study shall be based on the existing EPC architectures for 3GPP accesses and non-3GPP accesses as described in TS 23.401 [2], TS 23.402 [3] and TS 23.203 [4], supporting both non-roaming and roaming scenarios.
Figure 4.2-1 shows the 3GPP functional entities S-GW, P-GW, TDF and their reference points. Figure 4.2-2 shows the single gateway configuration option for the 3GPP functional entities S-GW, P-GW, TDF and their reference points.
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Figure 4.2-1: S-GW, P-GW, TDF and their reference points
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 Figure 4.2-2: S-GW, P-GW (single gateway configuration option), TDF and their reference points.
NOTE 1: TDF is an optional functional entity.

NOTE 2: Interfaces with ‘-C’ in the name (e.g. S5-C) are GTP-C based and interfaces with ‘-U’ in the name (e.g. S5-U) are GTP-U based.
NOTE 3: Only the GTP-based S2a, S2b, S5 and S8 interfaces are shown in the figures. PMIP related interfaces are not shown in the figures. S2c is FFS.
NOTE 4: LI related interfaces are not shown in the figures.
Editor’s Note: Reference points related to S-GW offline charging are not shown in the figures and may need further clarification.
4.3
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 4.3-1: Existing functionality of S-GW, P-GW and TDF
	Main functionality
	Sub-functionality
	S-GW
	P-GW
	TDF

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

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

	
	3. Packet forwarding
	X

(DL/UL: GTP-U)
	X

(DL: GTP-U)
	

	
	4. Transport level packet marking 
	X

(DL/UL DSCP marking for QoS in transport)
	X

(DL DSCP marking for QoS in transport)
	

	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, neighbor advertisement, neighbor solicitation as defined in RFC 4861
	
	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

(inter-eNodeB and inter-RAT HOV)
	X

(SGW change)
	

	
	3. Forwarding of buffered packet (5.3.3.1A)
	X
	
	

	
	4. Change of target GTP-U endpoint (e.g. handover procedures) = mobility anchor
	X

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

(intra-3GPP RAT HO with SGW change)
	

	
	5. Mobility between 3GPP and non-3GPP access
	
	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
	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 (see 4.3.7.4.1a).
	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
	

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

	
	5. UL and DL service level MBR enforcement
	
	X
	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
	X

	
	12. PCC support for NBIFOM 
	
	X
	

	
	13. DL DSCP marking for application indication
	
	
	X

	G. NBIFOM
	Non-PCC aspects of NBIFOM
	X
	X
	

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

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

(only in LBO scenario)

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

	J. Legal intercept
	Interfacing LI functions through reference points specified in TS33.107 and performing LI functionality
	X
	X
	

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

	L. Restoration and recovery
	(under CT4 responsibility)
	X
	X
	X

	M. RADIUS / Diameter interfaces on SGi
	(under CT3 responsibility)
	
	X
	

	N. OAM interfaces
	(under SA5 responsibility)
	X
	X
	X

	O. GTP bearer and path management
	(under CT4 responsibility) 

Generation of echo request

Handling of echo response

Handling of echo request timeout

Handling of Error Indication message
	X
	X
	


NOTE:
All interfaces reflected in the baseline architecture in section 4.2 have to be supported (e.g. the interface to the OCS).
Editor's Note: The above table can be extended if additional existing functionality is identified.

5
Key issues
5.1
Key issue 1 – Functionality split into user plane and control plane functions
5.1.1
Description

This key issue investigates the split of S-GW, P-GW and TDF functionality into control plane and user plane functions.  The solutions to this key issue should describe for each logical entity (S-GW, P-GW, TDF) what functionality and related interfaces are located on each side of a control plane - user plane interface, while not affecting the overall functionality provided by these nodes and not affecting the other EPC functions. 

This key issue also investigates the interface definition between control plane and user plane functional entities for each logical entity (S-GW, P-GW, TDF), including the nature of the information exchanged and the information flows. 

Additional functions that are necessary due to the functionality split may need to be documented as well.
5.2
Key Issue 2 - Selection mechanism for user plane functional entities
User plane functional entities have to be selected during PDN connection establishment (e.g. E-UTRAN Initial Attach procedure) as well as during other procedures that require a change of a user plane functional entity.

The following questions need to be addressed:
-
Which entity performs the selection mechanism?
-
What parameters should be considered for the selection mechanism (e.g. APN, user location)?
-
How to realize the selection mechanism (e.g. DNS)?
-
What triggers (e.g. existing procedures) the execution of the selection mechanism?

5.3
Key Issue 3 - Change of user plane session identity (due to other than UE mobility scenarios)
5.3.1
Description

To accommodate the changing traffic and/or bandwidth requirements (e.g. due to busy hour traffic fluctuation), the user plane may be expanded or contracted (e.g. on scheduled or unscheduled basis) in terms of resources (e.g. CPU, memory, network interfaces, user plane functions, etc.). As part of it, new resources may be added or existing resources may be removed at runtime, and the existing sessions may need to be re-distributed over the available set of resources. As a result, the user plane session identity (e.g. GTP-U end-point identity, which is TEID and IP address) for one or more sessions may change and in that case the new user plane session identity needs to be communicated to the peer node(s).
This key issue aims to study solutions to communicate the change of user plane session identity to the peer node(s).
5.3.2
Solution requirements
Editor's Note: Capture agreements on architectural requirements for solving the key issue. 
The solution to communicate the change of the user plane session identity for S-GW, P-GW and TDF shall:
-
Minimize signalling overhead when multiple user plane session identities are changed, and
-
Minimize impact on UE services, e.g. packet losses, in the case of user plane functionality entity change.
5.4
Key Issue 4 – Relocation of user plane functional entity due to UE mobility
UE mobility procedures may lead to situations wherein the user plane functional entity needs to be relocated while the control plane functional entity remains unchanged. In such a case, another user plane functional entity needs to be chosen and instructed to provide the necessary user plane functionality. Any impact on services currently used by the UE needs to be minimized.

Therefore, at least the following questions need to be addressed:

-
In which existing procedures can a relocation of a user plane functional entity happen?

-
How to ensure minimum impact, e.g. realize service continuity, on the services currently used by the UE?
-
What interactions are required during a relocation of a user plane functional entity?

6
Solutions
Editor's Note: This clause will contain solutions for the identified key issues.

6.1
Solutions to key issue 1
6.1.1
Solution 1: Functional split for SGW, PGW and TDF
6.1.1.1 
Overview

This solution proposes the functionalities that should be part of user plane and control plane parts of S-GW, P-GW and TDF. Figure 6.1.1.1-1 shows the potential architecture with split control plane and user plane functions. 
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Figure 6.1.1-1: Split architecture.
Editor’s note: Whether the interfaces to the charging systems (i.e. Gy, Gz, Gyn, Gzn) are terminated in the control plane or user plane function is FFS. 

6.1.1.2 
Functional split of SGW

The following table describes the functionality of the SGW control plane function and SGW user plane.

Most functionality performed by the UP function are controlled from the CP function and thus even if it is marked below as a UP function only, there will be corresponding control functionality in the CP function. 

For interfaces not listed in the table below, Figure 6.1.1-1 describes whether they are terminated in the CP and UP function respectively.

Table 6.1.1-1: Functional split of S-GW
	Main functionality
	Sub-functionality
	S-GW C
	S-GW U
	Comments

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

	
	2. IP address and TEID assignment for GTP-U
	
	
	See section 6.1.1.5

	
	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
	

	
	3. Forwarding of buffered packet (5.3.3.1A)
	
	X
	

	
	4. Change of target GTP-U endpoint (e.g. handover procedures) = mobility anchor
	X
	X
	intra-3GPP RAT HO with eNB change

	
	5. Mobility 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
	

	
	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 (see 4.3.7.4.1a).
	
	
	FFS

	
	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
	X
	UP function performs collection of usage data.

	
	2. Interfacing OFCS through reference points specified in TS 32.240
	
	
	See clause 6.1.1.6

	I. Load/overload control functions
	Exchange of load/overload control information and actions during peer node overload 
	
	
	FFS

	J. Legal intercept
	Interfacing LI functions through reference points specified in TS33.107 and performing LI functionality
	
	
	FFS

	L. Restoration and recovery
	(under CT4 responsibility)
	
	
	FFS

	N. OAM interfaces 
	(under SA5 responsibility)
	X
	X
	

	O. GTP bearer and path management 
	(under CT4 responsibility) 

Generation of echo request

Handling of echo response

Handling of echo request timeout

Handling of Error Indication message
	
	
	FFS


6.1.1.3
Functional split of PGW

The following table describes the functionality of the PGW control plane function and PGW user plane.

Most functionality performed by the UP function are controlled from the CP function and thus even if it is marked below as a UP function only there will be corresponding control functionality in the CP function. 

For interfaces not listed in the table below, Figure 6.1.1-1 describes whether they are terminated in the CP and UP function respectively.

Table 6.1.1-2: Functional split of PGW
	Main functionality
	Sub-functionality
	P-GW C
	P-GW U
	Comments

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

	
	2. IP address and TEID assignment for GTP-U
	
	
	See clause 6.1.1.5

	
	3. Packet forwarding
	
	X
	

	
	4. Transport level packet marking 
	
	X
	

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

	
	2. DHCPv4 / DHCPv6 client
	
	
	FFS

	
	3. DHCPv4 / DHCPv6 server 
	
	
	FFS

	
	4. Router advertisement, router solicitation, neighbor advertisement, neighbor solicitation as defined in RFC 4861
	
	
	FFS

	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
	

	
	3. Forwarding of buffered packet (5.3.3.1A)
	
	
	N/A

	
	4. Change of target GTP-U endpoint (e.g. handover procedures) = mobility anchor
	X
	X
	intra-3GPP RAT HO with SGW change

	
	5. Mobility 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)
	
	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)
	
	
	See clause 6.1.1.6

	
	7. Usage monitoring
	
	
	See clause 6.1.1.6

	
	8. Event reporting (including application detection)
	X
	X
	Note: User-plane related events such as application detection reporting supported in UP function, while control-plane related events such as RAT change etc. supported only in CP function.

	
	9. Request for forwarding of event reporting
	
	
	N/A

	
	10. Redirection
	
	
	FFS

	
	11. FMSS handling 
	X
	X
	Packet marking for FMSS handled by the UP function

	
	12. PCC support for NBIFOM 
	X
	X
	

	
	13. DL DSCP marking for application indication
	
	
	N/A

	G. NBIFOM 
	Non-PCC aspects of NBIFOM
	X
	X
	

	H. Inter-operator accounting (counting of volume and time)
	1. Accounting per UE and bearer 
	
	
	UP function performs collection of usage data.

	
	2. Interfacing OFCS through reference points specified in TS 32.240
	
	
	See clause 6.1.1.6

	I. Load/overload control functions
	Exchange of load/overload control information and actions during peer node overload 
	
	
	FFS

	J. Legal intercept
	Interfacing LI functions through reference points specified in TS33.107 and performing LI functionality
	
	
	FFS

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

	L. Restoration and recovery
	(under CT4 responsibility)
	
	
	FFS

	M. RADIUS / Diameter interfaces on SGi 
	(under CT3 responsibility)
	X
	X
	RADIUS/Diameter supported by CP function. The signalling may be carried via the user-plane function in case of signalling via SGi.

	N. OAM interfaces 
	(under SA5 responsibility)
	X
	X
	

	O. GTP bearer and path management 
	(under CT4 responsibility) 

Generation of echo request

Handling of echo response

Handling of echo request timeout

Handling of Error Indication message
	
	
	FFS


6.1.1.4 
Functional split of TDF

The following table describes the functionality of the TDF control plane function and TDF user plane

Most functionality performed by the UP function are controlled from the CP function and thus even if it is marked below as a UP function only there will be corresponding control functionality in the CP function. 

For interfaces not listed in the table below, Figure 6.1.1-1 describes whether they are terminated in the CP and UP function respectively.

Table 6.1.1-3: Functional split of S-GW
	Main functionality
	Sub-functionality
	TDF C
	TDF U
	Comments

	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)
	
	
	See clause 6.1.1.6

	
	7. Usage monitoring
	
	
	See clause 6.1.1.6

	
	8. Event reporting (including application detection)
	X
	X
	Note: User-plane related events such as application detection reporting supported in UP function, while control-plane related events such as out of credit supported only in CP function.

	
	9. Request for forwarding of event reporting
	X
	
	

	
	10. Redirection
	
	
	FFS

	
	11. FMSS handling 
	X
	X
	Packet marking for FMSS handled by the UP function

	
	12. PCC support for NBIFOM 
	
	
	N/A

	
	13. DL DSCP marking for application indication
	
	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
	
	
	Relevant in case of LBO

See clause 6.1.1.6

	L. Restoration and recovery
	(under CT4 responsibility)
	
	
	FFS

	N. OAM interfaces 
	(under SA5 responsibility)
	X
	X
	


6.1.1.5
Considerations for GTP-U IP address and TEID allocation

6.1.1.5.1
Description 

This section describes solutions for item A.2 in the table, i.e. solutions for whether GTP-U IP address allocation is performed in the user plane or control plane solutions. 

6.1.1.5.2
Solution 1: GTP-U IP address and TEID allocation in the user plane function 

In this solution the allocation of the IP address and TEID for GTP-U is provided by the user plane function

Whenever a new user plane TEID and IP address allocation is required, e.g. during default bearer establishment, the control plane entity shall request the user plane entity to allocate the user plane TEID and IP address for the new (GTP) tunnel.

The user plane entity shall allocate the user plane TEID and IP address when the resource for the new GTP-tunnel is accepted and signal these parameters to the control plane entity.

The control plane entity shall signal the allocated user plane TEID and IP address to other network entities to complete the bearer establishment.
Editor’s note: Further details are FFS.
6.1.1.6
Considerations for online charging, offline charging and usage monitoring
6.1.1.6.1
Description

This section describes solutions for items F.6, F.7, H.1 and H.2 in the table, i.e. solutions for supporting online charging, offline charging and usage monitoring. 
The following aspects will be studied:
-
The functional split between the control plane part and the user plane part for supporting charging and usage monitoring functionalities.

-
Information exchanged between the control and user plane part of the entity based on the above.
-
Signaling overhead between control and user plane part of the entity for charging and usage monitoring support.

The accuracy of charging and usage monitoring shall be preserved.
6.1.1.6.2
Solution 1: Charging interfaces from the control plane function 

In this solution the Gx, Sd, Gy, Gyn, Gz, Gzn interfaces as well as the interface between SGW and OFCS are terminated in the SGW/PGW/TDF control plane function. 

The user plane function supports reporting of usage information to the control plane function. The user plane function is capable to support reporting based on different triggers, including periodic reporting with period defined by the control plane, usage thresholds provided by the control plane function and report on demand received from the control plane. 
Editor’s note: Further details are FFS.
6.1.1.7
Consideration for SGW Service Area and TAI list alignment due to control plane and user plane split of SGW
6.1.1.7.1
Description
According to TS 23.401 clause 4.3.8.2 Serving GW selection function, it states: 

The Serving GW selection function in the MME is used to ensure that all Tracking Areas in the Tracking Area List belong to the same Serving GW service area.

When the Serving GW is split into control plane and multiple user plane units, it is uncertain if the above requirement can still be maintained. Hence, further detailed analysis is needed. 
6.2
Solutions to key issue 2: Selection mechanism for user plane functional entities

6.2.1
Solution 1 – User plane selection by the control plane of the corresponding functional entity

6.2.1.1
Description

6.2.1.1.1
General
The high level principle of this solution is to keep the logic for the selection mechanism of the user plane for a given functional entity with the control plane of the corresponding functional entity.

Based on the target of this key issue, the solution described here is limited to selection mechanism and related aspects. Informing the GTP-U session identity of the newly selected user plane is covered under the solution to key issue# 3 (clause 6.3) and solution to key issue #4 (clause 6.4).

6.2.1.1.2
Entity performing user plane selection

The control plane of a functional entity performs selection of its own user plane. Thus,

-
SGW's control plane shall select SGW's user plane

-
PGW's control plane shall select PGW's user plane

-
TDF's control plane shall select TDF's user plane

6.2.1.1.3
Parameters considered during selection mechanism

The control plane may use one or more of the following non-exhaustive list of parameters as an input during the user plane selection mechanism:

-
Location of the UE: This can be used by the control plane to select user plane entity close to the UE's point of attachment. The granularity of the location can be ECGI or TAI. If the location information of the UE is required to be used for selection of the user plane entity then the same shall be made available to the control plane during the procedures mentioned in clause 6.2.1.1.4. It is useful for the control plane to consider this parameter since it allows optimal user path between the UE and PDN.

-
Capability of the user plane and functions and features required for an UE: An appropriate user plane entity can be selected by matching the functions and features required for an UE (which can be derived from the information received over S11/S5 (such as APN, UE Usage Type etc.)or from the PCRF (such as need to perform DPI etc.), whichever is/are applicable) with the capabilities of the user plane entity so as to fulfil the service requirement for the UE, e.g. if L7 based traffic detection is needed then user plane entity supporting corresponding function needs to be selected. The user plane entity’s capabilities may be locally configured at the control plane or negotiated at node level during the initial connection establishment between the control and the user plane entity. It is essential for the control plane to consider this parameter to ensure that the required services can be provided to the UE.

Editor’s Note: Co-ordination between PGW control plane and SGW control plane for the selection of their individual user plane, and if it is needed, are for FFS.
Besides above, the control plane may receive other inputs such as current load condition of a user plane entity. In that case, the control plane may also use it for selecting an appropriate user plane entity.

The exact set of parameters used for the selection mechanism is deployment specific and controlled by the operator configuration, e.g. location information may be used for selecting user plane entity in some deployments while may not be used in other deployments.

6.2.1.1.4
How to realize the selection mechanism
The control plane entity is configured with the list of identities (i.e. IP address or FQDN) of the user plane entities it can use. This list may be updated at run-time via management interface, which is not in scope of 3GPP. . 

NOTE:
DNS based address resolution is performed by the control plane if FQDN of the user plane identity is configured.

6.2.1.1.5
Triggers for selection of user plane

Following are the triggers for the selection of user plane:

-
PDN connection establishment: New user plane entity needs to be selected at the time of PDN connection establishment (including E-UTRAN attach procedure). This trigger is applicable to SGW, PGW as well as TDF.

-
X2/S1 based Handover procedure: If location information based user plane entity selection is deployed then new user plane entity closer to the current point of attachment may need to be selected at the time of X2/S1 based handover procedures with or without control plane entity relocation. This trigger is applicable to SGW.

If the control plane of the PGW can change its user plane entity while ensuring that the UE's existing IP address can be served by the newly selected user plane entity (e.g. by updating the upstream router to route the UE’s downlink packet towards new user plane entity) then this trigger also applies to the PGW. However, since the intention is to create optimal path for the user plane traffic, the change of PGW’s user plane entity is aligned with change of SGW’s user plane entity, i.e. PGW’s control plane may select new user plane entity only when the SGW’s user plane entity is changed.

-
Service Request procedure: If UE location information based user plane entity selection is deployed then new user plane entity closer to the current point of attachment may need to be selected due to mobility during the idle mode, when the UE performs Service Request procedure. This trigger is applicable to SGW.

If the control plane of the PGW can change its user plane entity while ensuring that the UE's existing IP address can be served by the newly selected user plane entity (e.g. by updating the upstream router to route the UE’s downlink packet towards new user plane entity) then the this trigger also applies to the PGW. However, since the intention is to create optimal path for the user plane traffic, the change of PGW’s user plane entity is aligned with change of SGW’s user plane entity, i.e. PGW’s control plane may select new user plane entity only when the SGW’s user plane entity is changed. 

-
Load balancing scenarios: Due to load balancing scenarios, as described in sec. 5.3.1, new user plane entity may need to be selected. This trigger is applicable to SGW.

If the control plane of the PGW can change its user plane entity while ensuring that the UE's existing IP address can be served by the newly selected user plane entity (e.g. by updating the upstream router to route the UE’s downlink packet towards new user plane entity) then the this trigger also applies to the PGW.

Editor’s Note: If PGW control plane can change its user plane during X2/S1 HO procedure and Service Request procedure is FFS.

Editor’s Note: If SGW control plane can change its user plane during Service Request procedure is FFS. If TAU procedure needs to be considered for SGW user plane change is FFS.
6.2.1.2
Impacts on existing nodes and functionality
If location information based selection of the user plane is supported then following are the impacts on existing nodes:

MME/S4-SGSN:

MME/S4-SGSN needs to include location information, e.g. ECGI, TAI, over the S11 messages during the procedures identified in clause 6.2.1.1.4. This will allow the SGW control plane to select its user plane.

SGW:

SGW needs to include location information, e.g. ECGI, TAI, over the S5 messages during the PDN connection establishment procedures and if there is S5 messaging due to relocation of SGW control and/or user plane entity (i.e. during the other procedures identified in clause 6.2.1.1.4). This will allow the PGW control plane to select its user plane entity. 
Editor's Note: Other impacts, if any, are FFS.
6.2.1.3
Solution Evaluation

Editor's Note: Evaluation is FFS.
6.3
Solutions to key issue 3: Change of user plane session identity (due to other than UE mobility scenarios)

6.3.1
Solution 1 – Control plane changing the user plane session identity

6.3.1.1
Description

6.3.1.1.1
General

For load balancing purpose, the control plane of the functional entity may decide to move the user plane session from one user plane function to another user plane function. In that case, the control plane initiates procedure to inform the new user plane session identity for the existing UE session to the peer entities. This solution proposes the corresponding procedure along with the call flows for SGW, PGW and TDF.

6.3.1.1.2
Change of user plane session identity

The user plane of a given functional entity may be expanded or contracted, by adding new user plane functions or removing existing user plane functions, to accommodate changing traffic and/or bandwidth requirements. The decision to expand or contract the user plane may lie either with the control plane of the functional entity or with the overall system resource manager, e.g. orchestration function. In both the cases, the control plane is required to be made aware about the available user plane function(s) and their load condition. For load balancing purpose, the control plane may decide to re-distribute the existing UE session(s) over the available user plane function(s) and in that case, initiates the procedure to inform the change of user plane session identity (i.e. IP address and TEID of the GTP-U session) to the peer entities.

6.3.1.1.3
SGW: Call flows for control plane changing user plane session identity

The call flow below describes the procedure for the SGW control plane to change the use plane session identity for a given UE session.
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Figure 6.3.1.1-1: SGW call flows for changing user plane session identity

F1 is currently serving SGW user plane function for UE1. F2 is new SGW user plane function where the UE1 session is to be migrated due to load balancing reason. 

1.
The SGW control plane decides to move UE1 session from user plane function F1 to user plane function F2.

NOTE 1:
Control plane selection of user plane function is covered as part of solution to key issue# 2, in clause 6.2.1.

2.
SGW control plane allocates user plane session resources for UE1 in F2. 

NOTE 2:
The information provided by the control plane for the allocation of user plane session resources is covered as part of solution to key issue#1, in clause 6.1.1.

3.
The SGW control plane sends per UE Update UPlane Identity (EPS Bearer ID(s), Address(es), S1-U TEID(s)) message to the MME over S11 and per PDN Update UPlane Identity (EPS Bearer ID(s), Address(es), S5/S8-U TEID(s)) message to the PGW over S5/S8 for UE1. This message contains new user plane session identity, i.e. identity of F2, for each EPS Bearers of UE1 session.
4.
If the UE is in ECM-connected state then the MME updates the eNB with the new S1-U identity of the SGW using existing S1Ap message E-RAB Modify Request (ref. 3GPP TS 36.413 clause 8.2.2). The eNB uses this new S1-U identity for sending the uplink packets. 

NOTE 3:
Change of SGW S1-U identity via E-RAB Modify Request message over the S1Ap interface is the existing procedure and hence there is no eNB impact as result of the above step.
5.
The MME updates its UE context with new identity of the SGW S1-U and sends Update UPlane Identity Ack message to the SGW. The PGW updates its UE context with new identity of the SGW S5/S8-U and sends Update UPlane Identity Ack message to the SGW. The PGW starts using this new S5/S8-U identity for sending the downlink packets.
On reception of Update UPlane Identity Ack message from MME and PGW, the SGW control plane may start a timer. While this timer is running, the SGW maintains the user plane session in user plane function F1 so as to handle any in-flight data packets (i.e. sent towards the user plane function F1) from eNB or PGW, if the UE is in ECM-Connected state.
6.
The SGW releases the user plane session for UE1 from user plane function F1 on expiry of the timer started in step 5 or if timer is not started then on reception of Update UPlane Identity Ack message. 

NOTE 4:
The exact procedure for the release of user plane session is covered as part of solution to key issue#1, in clause 6.1.1.

6.3.1.1.4
PGW: Call flows for control plane changing user plane session identity

Editor's Note: It is FFS.
6.3.1.1.5
TDF: Call flows for control plane changing user plane session identity

Since the user plane session identity of the TDF is not exposed to the other EPC entities, this procedure is not applicable to the TDF.
6.3.1.2
Impacts on existing nodes and functionality
For supporting change of user plane session identity of the SGW, following are the impacts to existing nodes:

-
MME/S4-SGSN: Support for the new procedure and correspondingly messages, as described in clause 6.3.1.1.3 over S11/S4 interface.

-
PGW: Support for the new procedure and correspondingly messages, as described in clause 6.3.1.1.3, over S5/S8 interface.

Editor's Note: Impacts for supporting change of user plane session identity of the PGW is FFS.

NOTE:
It is up to stage 3 to decide if new messages are needed or existing messages can be re-used for the above procedure.
6.3.1.3
Solution Evaluation

Editor's Note: Evaluation is FFS.
7
Overall evaluation
Editor's Note: This clause will contain the evaluation of the identified solutions for every key issue.

8
Conclusions
Editor's Note: This clause is intended to list conclusions that have been agreed during the course of the work item activities.
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