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Abstract of the contribution: The QoS issues and enhancement requirements for the HDRLL services for R18 are described and a new SID is proposed.
1 QoS Challenges for HDRLL Services
HDRLL (High Data Rate and Low Latency) services are defined in SA1 specification (TS 22.261 and TS 22.263) and some QoS enhancements on HDRLL in Release 17 have been defined in Stage 2 specifications, e.g., TS 23.501/2/3.

HDRLL services will introduce a lot of new QoS challenges for the 5GS. Based on the observation of several types of HDRLL services, e.g., for the cloud gaming, cloud AR (Augmented Reality)/VR (Virtual Reality), tele-operated driving, real-time digital twin, etc., the users still experience some problems like frozen pictures and voice loss while the UE quickly moves, lag when radio connection is weak and congestion when the number of users or HDRLL applications increase within one cell. 

The GBR QoS Flow and Guaranteed Bit Rate (which are used to guarantee the QoS requirements), QoS Notification Control and Alternative QoS Profile were introduced in Rel-15/16. New 5QI(s) and service pattern information, e.g., periodicity information conveyed to RAN reusing TSCAI as per IIoT work item, were defined in Rel-17 within the context of the 5G_AIS work item in order to satisfy QoS requirements of HDRLL services. However, these mechanisms are still not sufficient for HDRLL services to handle the very high data rate with low latency under network dynamics related to the observed user experience problems.

2 QoS Enhancements for HDRLL Services
In this part, the QoS Enhancements issues and requirements for the HDRLL services for R18 are described as below:
2.1 Study how to improve RAN awareness at application, i.e., 5G network information exposure to the AF.
For RAN awareness at application, the following key items are considered to be studied:
1) QoS Notification enhancements to minimize the impact of data rate fluctuation, e.g., MDBV/burst rate and quick notification to AF, to enable quick codec/rate adaptation for HDRLL services.
HDRLL services, e.g. cloud gaming, are characterized by heavy burst high peak-to-average ratio in terms of data rate. AF may have the capability to adjust its data rate in a big range which brings a good chance for adaptation. However, The AF may have limited capability to detect and predict the quick change of the data rate in the 5G network. Thus, the 5GS needs to provide mechanisms to help the AF to quickly adapt to the dynamic data rate fluctuation. 

One goal of this item is to study how to shorten the latency from data rate change to the QoS notification generated by the RAN in order to provide quick notification to the AF and further to quick codec/rate adaptation for the HDRLL services.
2) QoS Notification enhancements to help the 5GS quickly recover to normal state from congestion state for the HDRLL service, e.g., via network information provided to AF. 

If there is HDRLL media data congestion in the RAN and the radio bit rate is degrade, the RAN may decide to drop packet(s). For the HDRLL media streaming, if any media packet is dropped or any of its IP packet is dropped, the subsequent packets become useless. The 5GS needs to prevent and reduce the resource wasting to transport these useless packets. And it is also important for 5GS to help the AF to reduce the following packets as useless as much as possible. If there is HDRLL media data congestion in the RAN, the 5GS can provide such new network congestion information to the AF, and the AF can mark the priorities of the DL bursts, and the RAN may drop the least important packets to quickly recover from the congestion to the normal state. And or the AF can do more application/transport layer adaptation to help the 5GS quickly recover to normal state from congestion state for the HDRLL service. 

3) Enable DL traffic redistribution within the PDB time frame to improve RAN resource scheduling.

A potential issue is that large DL bursts of traffic may be sent towards the network by different application servers at approximately the same time. This may lead to an excessive number of resources requested for a specific point in time within the PDB time frame at the RAN node. In order to address this problem, mechanisms that allow to redistribute the downlink traffic load within the PDB time frame should be studied.

4) Potential policy enhancements needed to support the above.

It is estimated that the PCF/AF need to support the QoS Notification enhancement, and AF can provide more QoS control information to the 5GS and the PDU Session via the PCF.
2.2 Study how to improve application awareness at 5GS and improve the QoS framework in 5GS

For the application awareness at 5GS and QoS framework enhancement in 5GS, the following key items are considered to be studied:
1) Enhancements to minimize the media packet drop and its impact, e.g., eligible drop packet, reduce the resource wasting, reduce the useless packets.

If there is HDRLL media data congestion in the RAN and the radio bit rate is degrade, the RAN may decide to drop packet(s). For the HDRLL media streaming, if any media packet is dropped or any of its IP packet is dropped, the subsequent packets become useless. The 5GS needs to prevent and reduce the resource wasting to transport these useless packets. And it is also important for 5GS to help the AF to reduce the following packets as useless as much as possible. It is beneficial for 5GS to be able to perform eligible packet dropping for the less important packets when packet dropping is deemed.
2) How to define a Media Unit (MU) based QoS framework for HDRLL applications, where MUs consist of PDUs that have the same QoS requirements that, e.g., belong to the same frame in the HDRLL application. For example, how to identify PDUs that belong to the same Media Unit, how to support MU error rate, MU delay budget, etc.

In current 5G QoS framework, all the media in the same QoS Flow have the same QoS handling. But the media unit (e.g., the video I/B/P frame) in the same QoS Flow of the HDRLL service has difference QoS characteristics. However, the PDUs that belong to the same media unit in the HDRLL application have the same QoS requirements, e.g., error rate, delay budget. So current 5G QoS framework does not support media level different QoS handling in the same QoS Flow. An enhanced QoS framework is needed for the HDRLL applications considering the QoS characteristics of the HDRLL media-level different QoS handling within the same QoS Flow.

3) Support for CDRX enhancements, i.e., support for RAN to select new CDRX cycle values to match HDRLL inter-frame intervals.

If the DL data for the HDRLL service is periodic, e.g., 1000/FPS millisecond, then the RAN sends the application burst to the UE and the UE receives the application burst from RAN with periodicity=1000/FPS. In such case, the RAN scheduling can be optimized with the CDRX enhancements with the new CDRX cycle value = 1000/FPS.
This work is estimated to depend on the output of related RAN WGs (e.g., RAN2 WG), SA2 need to update related functions to support such CDRX enhancement based on the output of RAN WGs.
4) Potential policy enhancements needed to support the above and to minimize the jitter.

It is estimated that the PCF/AF need to provide media burst information to the 5GS to help the 5GS to be awareness of the QoS characteristics of the media burst and to do the different QoS handling for the different media burst.
Jitter is a very important QoS characteristics for the HDRLL services. The AF and PCF can provide the jitter requirements to the 5GS to restrict the latency variation for the HDRLL media to improve the QoE of the HDRLL services.
2.3 Study how to enhance the QoS to support the low round trip time for the HDRLL traffic.

In the SA1 specification (TS 22.261), the max allowed end-to-end latency has been defined for different HDRLL services, and the end-to-end latency is the total PDB of UL and DL direction. Though new 5QIs have been defined for the HDRLL in Release 17, it is still needed to study how to enhance the QoS to support the low round trip time (UL+DL) for the HDRLL traffic, e.g., new 5QI with a low and different UL/DL PDB or transmission coordination for the UL and DL to meet the RTT requirements.
6.
Proposal

Based on the above description, it is proposed a new SID to study architecture and system level enhancements to the 5G system to support High Data Rate Low Latency services in S2-2106196.
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