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Abstract of the contribution: The paper proposes to use pre-configured mitigation measures without PCRF involvement.
1. Discussion
Congestion mitigation measures are predictable, so PCRF is able to configure PCEF/TDF beforehand which congestion mitigation action PCEF/TDF shall perform once a certain congestion level is detected. Pre-configured congestion mitigation measures become more useful the more the congestion level changes and the amount of signalling between PCRF and PCEF/TDF can be reduced.
Pre-configured congestion mitigation measures can be used independent whether the congestion information is received by PCEF/TDF with and without PCRF involvement. In the first case the feedback information is just forwarded by the PCRF towards PCEF/TDF.
In TR 23.705 pre-configured congestion mitigation measures are applicable for solutions as described in section 6.1.5.1.4 and section 6.1.6.1. 
2. Proposed text for TR 23.705
START OF 1st CHANGE
6.1.5.1.4
Policy control of congestion mitigation
6.1.5.1.4.1
General
The following behaviour is foreseen:

-
As long as PCEF/TDF has activated congestion mitigation policy available, it should apply a mitigation measure with matching congestion level on affected traffic;
-
The enhancement of congestion mitigation handling with congestion mitigation policies in the PCEF can be done as exemplarily shown in Figure 6.1.5.1.4.1-1. Similar principle is applicable for the TDF in case TDF receives RCI as defined by the subclause 6.1.5.1.3.3.
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Figure 6.1.5.1.4.1-1: possible behaviour of congestion mitigation policies in PCEF (in combination with dynamic policy handling).

The PCRF is always able to request and receive all congestion reports of interest for its policy decisions. In case, the PCRF chooses not to subscribe to all congestion reports (for optimisation reasons), it may not be aware of the currently enforced congestion mitigation policy.

6.1.5.1.4.2
Assumptions for extensions of policies for congestion mitigation

There may be PCC/ADC rules that are provided by the PCRF in advance and activated by the PCEF/TDF only in case of receiving appropriate RCI. Such a configuration reduces the amount of signalling between PCRF and PCEF/TDF especially when the congestion situation changes frequently. On end of congestion a corresponding PCC/ADC rule that is not correlated with a RCI is activated.

With this solution, the following definition is used for extension of the policy framework:

User plane congestion mitigation policy: A set of information describing actions in the user plane (in the PCEF/TDF) with the target to reduce the (overall or specific) amount of RAN user plane congestion or to minimize service disruption/service degradation experienced by the user, and, optionally, the corresponding conditions under which they shall be performed. Such a policy may be provisioned statically in the PCEF, predefined in the PCEF/TDF and de/activated dynamically by the PCRF or provisioned dynamically by the PCRF to the PCEF/TDF. A user plane congestion mitigation policy may refer to a level of congestion. It may also contain an event trigger for a subsequent user plane congestion report. 

NOTE:
Static user plane congestion mitigation policies apply in case of no PCC deployment. For static user plane congestion mitigation policies the same restrictions apply as for current static PCC (defined in [8] subclause 4.7.5 and [10] subclause 4.10.4).

With this solution, the following assumptions for extension of policies are used:

-
Support of User Plane congestion event report;
-
For user plane congestion mitigation, an enhancement of existing PCC/ADC rules structure/or structure of those rules applicability should be defined. They should contain congestion mitigation measures/or corresponding PCC/ADC Rule that can be enforced depending on the different RAN user plane congestion situation (e.g., different PCC/ADC rule per each congestion level).

Editor's Note: It is FFS whether the above mentioned enhancement will be implemented by extending the existing PCC/ADC Rules structure (e.g. a different enforcement actions per each congestion level within the single rule or a different PCC/ADC Rules applicable per each one of the congestion levels). 

6.1.5.1.5
Impact on existing entities and interfaces

The RAN nodes (BSC/RNC/eNodeB):

· Enhancement of S1-U interface for inclusion of congestion information in uplink packets;

· Enforce the policy of RAN user plane congestion reporting.
NOTE:
Stage 3 header extensions of GTP-U to include congestion information (e.g., RCI and Cell ID) are done by CT4.

The SGW:

· Receive and pass down the policy of RAN user plane congestion reporting;
· In case of PMIP S5/S8, 
· When using Gxc for congestion event reporting, SGW supports congestion event trigger subscription and event report to the PCRF;
· When using NSH/DSCP/tunnelled DSCP for congestion event reporting, SGW copies the RCI information from a GTP-U extension header into the NSH/DSCP/tunnelled DSCP respectively. 
The S4-SGSN/MME:

· Receive and pass down the policy of RAN user plane congestion reporting.
The GGSN/PGW:
· Recognize the congestion indicator and act according installed PCC rules;

· Support congestion event trigger subscription and event report to the PCRF;
· Support of enhancements for PCC rules as defined in subclause 6.1.5.1.4.1 and 6.1.5.1.4.2;

· In case of TDF deployment, support the transfer of RCI to the TDF;
· Support of direct reporting of congestion traffic plane events to the AF;

· Enforce the policy of RAN user plane congestion reporting.

The PCRF:
· Support congestion event trigger subscription and receiving of event report;

· Support congestion reporting to AF;
· Support of extended PCC/ADC rules which are activated by the PCEF/TDF dependent on receiving RCI value.
The AF:

· Support subscription to and receiving of congestion traffic plane events;

· Support the congestion mitigation directly or indirectly;

· Support direct reporting of congestion traffic plane events.

The TDF:
· Recognize the congestion indicator;

· Support of enhancements for ADC rules as defined in subclause 6.1.5.1.4.1.

6.1.5.1.6
Solution evaluation
The advantages of the solution are the following: 
-
No architecture impact. There is no new control plane interface and new network element is introduced.

-
No mandatory new signalling is introduced over the control plane. Furthermore, there is no additional signalling in case of mobility or other RAN-related procedures required.
-
Indicates congestion information on a per-bearer granularity.

The disadvantages of the solution are the following:

-
Processing of RCI bring extra burden in the P-GW/GGSN. 
-
A new signalling channel, piggybacked to the user plane, is introduced to the architecture piggybacked over the user plane.
-
Introduce signalling if P-GW/GGSN triggers event report to the PCRF.
Additional considerations:

-
The amount of the information transferred in one uplink packet is limited by the size of the packet.
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-
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Additional considerations:

-
The amount of the information transferred in one uplink packet is limited by the size of the packet.
-
If congestion level based pre-configured PCC rules are used, less signalling between PCRF and PCEF to perform congestion mitigation measures. 
-
The use of static congestion mitigation policies in PCEF in case when no PCRF is available or PCRF involvement is not required imposes the following limitations:

-
no access to detailed subscriber data (but consideration of APN-specific charging characteristics is possible and may be useful for operators);
-
no cross-correlation between multiple PDN connections on different P-GWs possible
-
it is not possible to trigger congestion mitigation measures which are reachable only via PCRF and Rx.
END OF 1st CHANGE
START OF 2nd CHANGE
6.1.6.1
Solution 1.6.1: Policy-based congestion mitigation 

6.1.6.1.1
General description, assumptions, and principles

This solution addresses key issues #1 ("RAN user plane congestion mitigation") and #4 ("Video delivery control for congestion mitigation"). It describes a general scheme how PCRF can be involved for congestion mitigation based on policy decisions, with the PCRF providing policies to different network entities performing congestion mitigation, based on congestion awareness.

This solution focuses only on policy-based congestion mitigation, and does thus not depend on how congestion awareness is achieved in the PCRF (e.g. if the congestion information is signalled off-path or if they are indicated on-path via the P-GW).

NOTE:
The term "congestion information" is used here as a generic term and the detailed information elements are left to the congestion awareness solution. 

There may be PCC/ADC rules that are provided by the PCRF in advance and activated by the PCEF/TDF in case of receiving congestion information. This may help to reduce the amount of signalling between PCRF and PCEF/TDF especially when the congesting situation often changes.

6.1.6.1.2
High-level operation and procedures
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Figure 6.1.6.1.2-1: Overview of congestion mitigation based on policy decisions.

NOTE 1:
The numbers do not necessarily imply a temporal order.

NOTE 2:
If TDF is deployed, congestion mitigation policies may be provisioned to both PCEF and/or TDF. 
The procedural steps are:

1.
The PCRF provides policies for congestion mitigation to one or more of the following network entities:

a)
to the PCEF (over the Gx interface);
b)
to the TDF (over the Sd interface) ;

c)
to the AF (over the Rx interface);
NOTE 3:
In this Release, only scenario when PCRF and AF are in the same operator’s network is considered.
The policies can be provisioned before RAN user plane congestion occurs or after the PCRF becomes aware of the congestion status (e.g. onset, abatement, level of RAN user plane congestion).  All the existing variants of policy provisioning (predefined and activated/de-activated dynamically and provided dynamically) may be used for congestion mitigation;

NOTE 4:
In case of network configurations without PCRF involvement, the PCEF and/or TDF can enforce static congestion mitigation policies upon receipt of a congestion notification from the RAN. Different policies may be configured for different congestion levels. Static policies usage by the PCEF is defined by the TS 23.401 [8] subclause 4.7.5 and by the TS 23.402 [10] subclause 4.10.4.

2.
The PCRF may also provide – subject to agreement with the AF provider – an indication related to the RAN congestion status to the AF.
Editor's Note: It is FFS whether the indication to the AF consists of a maximum bitrate and/or the RCI and/or other information.
3.
Congestion mitigation is performed in different network entities according to the policy decision by the PCRF:

a/b) The PCEF/TDF can perform bandwidth limitation, prioritization and traffic gating according to the provided policies.
c)
The AF (e.g. an application server or proxy) can directly or indirectly support the congestion mitigation, e.g. by adapting the sending rate, through media transcoding or compression, or by delaying push services.
d)
Based on policies provided by the PCRF, the PCEF/TDF may also perform actions to support  congestion mitigation measures in the RAN, e.g. the policy can control when packet marking (such as e.g. proposed by RAN-based Solutions for RAN user plane congestion management solutions) should be performed.
e) 
The PCRF may limit/reject the authorization of new requests for application flows, based on current procedures. For deferred delivery of service the PCRF may send a re-try interval to the (operator's or third-party's) AF, which indicates when service delivery may be retried. The value of the re-try interval depends on operator policies (e.g. it may vary depending on the congestion level but may also be set taking other criteria into account). The PCRF may send updated re-try intervals, e.g. if the congestion level changes.

NOTE 5:
The re-try interval is calculated based on the heuristics and it is implementation dependant. Although it cannot accurately predict when the congestion will end, it provides guidance for the AF to re-try at later point of time so as to prevent the further congestion of the radio network.

6.1.6.1.4
Impact on existing entities and interfaces
PCEF/TDF:

-
Support of PCC/ADC Rules extensions, if required, in case of GTP-U based solutions has already been defined in the subclause 6.1.5.1.5.

PCRF:

-
Supports the retry interval.
AF:
-
Supporst subscription to and receiving of congestion traffic plane events; 
-
Supports the congestion mitigation directly or indirectly;
-
Supports the retry interval.
6.1.6.1.5
Solution evaluation

END OF 2nd CHANGE
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