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Classification of the Work Item and linked work items
2.1
Primary classification
This work item is a … 
	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item


2.2
Parent Work Item 
	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	
	
	
	


2.3
Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	840030
	Network Controlled Interactive Service (NCIS)
	Release 17 Normative work to define the high data rate and low latency service and its QoS KPI.

	870013
	Study on Typical Traffic characteristics for XR Services and other Media (FS_XRTraffic)
	Release 17 Study the AR/VR service characteristics and QoS Requirements.

	840019
	5G System Enhancement for Advanced Interactive Services (5G_AIS)
	Release 17 Normative work on defining new 5QI and providing TSC Assistance Information from AF to the 5GC.

	910059
	Support of Enhanced Industrial IIOT (IIoT)
	Release 17 Time synchronization and QoS enhancement for the IIOT


Dependency on non-3GPP (draft) specification: 

{This section is to be typically used to identify the IETF dependencies. Delete the header "Dependency on non-3GPP (draft) specification:" if no such dependency.} 

3
Justification
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.
More specifically, the assumption in SA4 (see S4-210614, “FS_XRTraffic: Permanent document, v0.6.0” clauses 8.3.2 and 9.1) is that XR applications impose requirements in terms of Application Data Units (ADUs), rather than in terms of single packets/PDUs. An ADU represents a typically large sequence of PDUs that includes, e.g., all the necessary information to reconstruct a video frame. An ADU is useful at the receiver only if all its packets have been received by the receiver (or a continuous sequence of packets up to the first missing packet can be used). 

While, as explained above, XR applications benefit from a ADU handling, on the other hand 5GS still handles QoS in terms of packets (see, e.g., PER = Packet Error Rate and PDB = Packet Delay Budget). Consequently, mechanisms need to be designed to determine which Packet Data Units (PDUs) belong to the same ADU and therefore apply accordingly the same QoS treatment and, if RAN is not able to deliver one or few of the PDUs belonging to the same ADU, to be able to move to try to deliver PDUs from the next ADU and so on. In addition, as shown in S4-210612
, additional information associated to ADUs may be beneficial in optimizing content delivery. In order to do that, SA2 needs to consult with SA4 about possible mechanisms that 5GS can use to identify the PDUs belonging to an ADU, the size of the ADU, etc.
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 or information 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. 
If there is HDRLL media data congestion in the RAN, the 5GS can provide new network information to help AF to do more application/transport layer adaptation so that the 5GS can quickly recover to normal state from congestion state for the HDRLL service. 

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.
Another potential issue is that large bursts of traffic may be sent towards the network by different application clients at approximately the same time. This may lead to an excessive amount 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.
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 and DL PDB.
4
Objective

The objective of this study item is to study architecture and system level enhancements to the 5G system to support High Data Rate Low Latency (HDRLL, e.g., cloud gaming, cloud AR (Augmented Reality)/VR (Virtual Reality), XR and remote AV production) services. More specifically:
-
Study how to improve RAN awareness at application: [4 TUs]
-
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.
-
QoS Notification enhancements to help the 5GS to quickly recover to normal state from congestion state for the HDRLL service, e.g., via network information provided to AF. 
-
Enable DL traffic redistribution within the PDB time frame to improve RAN resource scheduling.
-
Potential policy enhancements needed to support the above.
-
Study how to improve application awareness at 5GS and improve the QoS framework in 5GS: [6 TUs]
-
Enhancements to minimize the media packet drop and its impact, e.g., eligible drop packet, reduce the resource wasting, reduce the useless packets.

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

-
Potential policy enhancements needed to support the above and to minimize the jitter.
-
Study how to enhance the QoS to support the low round trip time for the HDRLL traffic.  [2 TUs] 
A total of 12 TUs are needed.
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Expected Output and Time scale

	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Rapporteur

	TR
	23.xxx
	Study on 5G System (5GS) Enhancement on High Data Rate and Low Latency (HDRLL) Services
	TBD
	TBD
	Chunshan Xiong 
Tencent, chunshxiong@tencent.com


6
Work item Rapporteur(s)
Chunshan Xiong, Tencent, chunshxiong@tencent.com 

7
Work item leadership

SA2

8
Aspects that involve other WGs

SA3 for security aspects. 

SA4 for media codec aspects. 

SA5 for management and charging aspects.

RAN1/2/3 for RAN part enhancements.
9
Supporting Individual Members

{At least 4 supporting Individual Members are needed. There is an expectation that these companies will provide resources to progress the work. Note that having 4 supporting companies is a necessary but not sufficient condition: the usual TSG approval process by consensus is needed for the WID approval.} 

	Supporting IM name

	Tencent

	T-Mobile

	ABS

	CBN

	SJTU

	China Telecom

	OPPO 

	Spreadtrum

	Alibaba

	CAICT

	Vivo

	CATT

	Xiaomi

	ZTE

	KPN

	China Unicom 

	Oracle

	Toyota

	Sandvine

	Qualcomm Incorporated

	Facebook

	Broadcom

	Allot

	Sony

	NEC

	Cisco

	Samsung

	Interdigital

	Fudan University

	LG Electronics


�tdoc title needs to be added?





