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Abstract of the contribution: based on the solution of policy-based congestion mitigation, we analyse and propose the solutions of streaming optimization for congestion mitigation.
Introduction and Definitions
In solution 1.1 (policy-based congestion mitigation) in TR 23.705 v0.5, PCRF may send indications to AFs for congestion mitigation. When AFs transfer and/or control the streaming application, e.g. DASH proxy, AFs can optimize the streaming for reducing the required bandwidth of the streaming, such as transcoding, compressing, or limit the sending bit rate. Here we discuss the factors impact on QoE of streaming and propose two methods in streaming optimization.
There are two terminologies to be defined for discussion and proposal.

Quality Level of Streaming (QLS): this describes the level of the streaming quality which is defined by AFs. AFs may apply transcoding and/or compressing to the streaming which may impact on the quality of streaming, e.g. resolution and frames per second. Each level of the streaming quality stands for the integration indication of resolution, frames per second, compress loss rate and any other factors of the streaming quality.
Required Minimum Bandwidth (RMiB): for the fluent display of the certain streaming on the UE, a minimum bandwidth in streaming transmission is required. For a bidirectional streaming, there are the uplink and downlink required minimum bandwidth.
Factors impact on the QoE of Streaming
QoE is the experience quality from the end user aspects. The QoE of streaming may be impacted on the quality of streaming, the actual available bandwidth and error/loss rate in transmission. 
The quality of streaming is impacted by many factors and its definition belongs to the scope the AFs. Different AFs may supply different streaming optimization capability on the transcoding and compressing. The quality of the streaming may be based on the following factors: 
(1) The quality of the source streaming;

(2) AFs’ streaming optimization capability;

(3) The authorization which is known by the AFs to transcoding and/or compressing to source streaming from the streaming copyright owner. 

The actual available bandwidth directly impacts on the display fluency on both the real time streaming, e.g. conversation or live show, and the buffered streaming. When the actual available bandwidth is lower than the required minimum bandwidth of the streaming, the streaming display will be not fluent and the user experience is bad. The actual available bandwidth of the streaming is impacted by the sending rate of AFs in case of AFs involve the steaming transmission, by the maximum and/or guaranteed bandwidth assigned for the streaming by operator network, and by other factors, e.g. the sending rate of the streaming source. Additionally, AFs shall know the required minimum bandwidth under each quality level of streaming.

The error/loss rate may have more impact on QoE to the UDP streaming than to the TCP streaming. And the error/loss rate has been considered in the QCI of 3GPP.

QoE consideration in streaming optimization for congestion mitigation
When the UE is suffering congestion actually or when the UE is in the preconfigured congestion area and/or time period, the operators may optimize the streaming for mitigating congestion when the streaming applications are used. And the operator may also cancel the streaming optimizing in some cases, e.g. congestion eliminated and UE moved out of congestion.

Based on the operator policy, there may be different methods applied on streaming optimization for congestion mitigation.
a) To limit the actual bandwidth without considering the QoE impaction;

This case is suitable for that the PCRF do not need to consider the QoE impaction in policy decision. In this case, the AF is no need to supply the required QLS and available QLS with required minimum bandwidth to the PCRF. The PCRF supplies an authorised maximum bandwidth to AFs or the PCEF/TDF. 

When the limitation is enforced by the AF, the PCRF supplies an authorised maximum bandwidth to AF based on policy, e.g. congestion status, user profile. The AF determines which methods to be applied to the streaming for limiting the actual bandwidth, e.g. limiting the sending bit rate, transcoding, and/or compressing. 
When the limitation is enforced by the PCEF/TDF, which the functionality has standardized in PCEF and TDF, the PCRF supplies an authorised maximum bandwidth to PCEF/TDF, and the PCEF/TDF adapts dropping or other methods to implement it. 
b) To reduce the required minimum bandwidth by changing the quality level of streaming;

This case is suitable for that the PCRF shall consider the QoE impaction in policy decision. In this case, the AF shall supply the required QLS and available QLS with required minimum bandwidth to PCRF. The AF enforces the reducing action by optimizing the streaming.
Based on the agreement with the AF owner or the AF is managed by operator, the AF shall supply a required QLS and a list of available QLS with the required minimum bandwidth for a certain source streaming to PCRF for policy decision. The quality level of streaming is defined on the AF and managed and/or understood by the operator whose network interacts with the AF.
Based on the operator policy, the PCRF may decide which QLS should apply to a streaming when congestion. The PCRF choose an authorised QLS from the available QLS list to AF with an authorised maximum bandwidth for this QLS. The AF shall choose a proper way to optimize the streaming to change the QLS to the authorized level and make sure the actual bandwidth is under the authorised maximum bandwidth.
Proposal

It is proposed to support both two methods in streaming optimization for congestion mitigation.
-----------------------START FIRST CHANGE----------------------------------------------
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

RAN user plane congestion: RAN user plane congestion occurs when the demand for RAN resources exceeds the available RAN capacity to deliver the user data for a period of time. RAN user plane congestion leads, for example, to packet drops or delays, and may or may not result in degraded end-user experience.

NOTE 1: 
Short-duration traffic bursts is a normal condition at any traffic load level, and is not considered to be RAN user plane congestion. Likewise, a high-level of utilization of RAN resources (based on operator configuration) is considered a normal mode of operation and might not be RAN user plane congestion.

NOTE 2: 
RAN user plane congestion includes user plane congestion that occurs over the air interface (e.g. LTE-Uu), in the radio node (e.g. eNB) and/or over the backhaul interface between RAN and CN (e.g. S1-u).

User-impacting congestion: User-impacting congestion occurs when a service that is delivered to a user over the default bearer or a dedicated bearer does not meet the user’s expected service experience due to RAN user plane congestion. The expectation for a service delivery is highly dependent on the particular service or application. The expected service experience may also differ between subscriber groups (e.g. a premium subscriber may have higher expectations than a subscriber with the cheapest subscription). RAN resource shortage where the RAN can still fulfil the user expectations for a service delivery is not considered to be user-impacting congestion; it is rather an indication for full RAN resource utilization, and as such a normal mode of operation.

NOTE 3: 
It is up to the operator to determine when a service satisfies the user’s expected service experience.
Unattended traffic: traffic that is generated without user interaction, either because UE is not being used by the user, e.g. the phone is in a pocket or left on a desk, or the application is in the background generating data traffic automatically without explicit user knowledge, e.g., periodic updates. 

Attended traffic: Any traffic not considered unattended.
Quality Level of Streaming (QLS): this describes the level of the streaming quality which is defined by AFs. AFs may apply transcoding and/or compressing to the streaming which may impact on the quality of streaming, e.g. resolution and frames per second. Each level of the streaming quality stands for the integration indication of resolution, frames per second, compress loss rate and any other factors of the streaming quality.

Required Minimum Bandwidth (RMiB): for the fluent display of the certain streaming on the UE, a minimum bandwidth in streaming transmission is required. For a bidirectional streaming, there are the uplink and downlink required minimum bandwidth.
-----------------------END FIRST CHANGE----------------------------------------------
-----------------------START SECOND CHANGE----------------------------------------------
6.1.4.2
High-level operation and procedures


[image: image1]
Figure 6.1.4.2-1: 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) ;

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).  

Editor’s Note: It is FFS if and how to enhance PCC/ADC rules for support of policies that are applicable for different RAN user plane congestion situations, and how to provision and activate them (including pre-provisioning of policies by PCRF to PCEF/TDF). 
NOTE 3: 
The PCRF may use subscriber information (e.g. from SPR) as input for the policy decisions.

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.

Editor’s Note: It is FFS if, and if so, how the TDF receives the congestion notification from the RAN for the deployment scenario described by NOTE 4.

2. The PCRF may also provide – subject to agreement with the AF provider –  it could include an authorised maximum bandwidth to the AF over the Rx interface in and/or out of congestion for a streaming. If the AF provides a required QLS and a list of available QLS with corresponding RMiB to PCRF previously, the PCRF should also provide an authorised QLS to the AF.

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 using the authorised QLS and/or authorised maximum bandwidth, 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 P-GW/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 Solution 3) should be performed.
e) 
The PCRF may limit/reject the authorization of new requests for application flows, based on current procedures. 

-----------------------END SECOND CHANGE----------------------------------------------
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