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Abstract of the contribution: This contribution discusses the motivation and reasoning to introduce new 5QI for 5G-AIS.
1 Background of 5G-AIS
5G System Enhancement for Advanced Interactive Services (5G-AIS) has been approved for Rel-17 work item [1] which have the following objectives:
This Work Item is to define potential QoS parameters e.g. new standardized 5QI(s) corresponding to QoS requirements from SA1 NCIS work item in TS 22.261 including the following aspects:

Required latency for uplink transmission from UE to UPF plus downlink transmission from UPF to UE.
Required reliability for uplink sensor/pose data and downlink pre-rendered/rendered audio/visual data

Required high data rate in downlink direction related to SA1 agreed KPIs including FPS (frame-per-second) and resolution etc.
In this discussion paper, technical analysis are provided which explains the motivation and reason to introduce new 5QI as one of QoS parameters.  It is noted that for other QoS parameters, there are other contributions including both DP and CRs.
2. Discussions, Observations and Proposals
2.1 Background of SA1 NCIS requirements

During SA1 NCIS discussion, SA1 have intensively discussed the use cases and requirements regarding to cloud gaming and XR [2] and finally consolidated the requirements in TS 22.261 [3].  The following KPI table was agreed.  The yellow shadowed part is for Uu-based interactive service and other part are for D2D based interactive services.
Table 7.6.1-1 KPI Table for additional high data rate and low latency service
	Use Cases
	Characteristic parameter (KPI)
	Influence quantity

	
	Max Allowed End-to-end latency
	Service bit rate: user-experienced data rate
	Reliability
	# of UEs


	UE Speed
	Service Area

(note 2)

	Cloud/Edge/Split Rendering

(note 1)
	5ms (i.e. UL+DL between UE and the interface to data network) (note 4) 
	0.1-[1] Gbit/s supporting visual content (e.g. VR based or high definition video) with 4K, 8K resolution and up to120fps content.
	99.99% in uplink and 99.9% in downlink (note 4)
	-
	Stationary or Pedestrian
	Countrywide

	Gaming or Interactive Data Exchanging 

(note 3)
	10ms (note 4)
	0.1-[1] Gbit/s supporting visual content (e.g. VR based or high definition video) with 4K, 8K resolution and up to120fps content.
	99.99% (note 4)
	≤ [10]
	Stationary or Pedestrian
	20 m x 10 m; in one vehicle (up to 120 km/h) and in one train (up to 500 km/h)

	Consume VR content via tethered VR headset 

(note 6)


	[5 -10] ms

(note 5)


	 0.1-[10] Gbit/s 
(note 5)


	[99,99%]
	-
	Stationary or Pedestrian
	-

	NOTE 1:
Unless otherwise specified, all communication via wireless link is between UEs and network node (UE to network node and/or network node to UE) rather than direct wireless links (UE to UE).

NOTE 2:
Length x width (x height).

NOTE 3:
Communication includes direct wireless links (UE to UE). 

NOTE 4: Latency and reliability KPIs can vary based on specific use case/architecture, e.g. for cloud/edge/split rendering, and may be represented by a range of values.
NOTE 5: The decoding capability in the VR headset and the encoding/decoding complexity/time of the stream will set the required bit rate and latency over the direct wireless link between the tethered VR headset and its connected UE, bit rate from 100 Mbit/s to [10] Gbit/s and latency from 5 ms to 10 ms. 

NOTE 6: The performance requirement is valid for the direct wireless link between the tethered VR headset and its connected UE.


SA1 has agreed to support up to 120 FPS and 4K/8K resolution for interactive services e.g. cloud gaming and XR.  And, there is also a note that latency and reliability KPIs can vary based on specific use case/architecture, e.g. for cloud/edge/split rendering, and may be represented by a range of values.  It is up to other working group to decide the range of the KPI and it is noted that 5ms UL+DL is for the most demanding case i.e. 120 FPS.
Here is an example figure to illustrate the cloud rendering scenario which can also be referenced for other scenarios like edge and split rendering.  Basically, there are two important data flows, one is motion tracking data flow in uplink direction and the other is visual content data flow which is the outcome of the rendering based on the motion tracking data.  To support advanced interactive services like cloud gaming, QoS for these two data flows needs to be met.
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Figure 1. Example data flow for cloud rendering scenario

Therefore, when defining new 5QI for AIS, these two types of data flows needs to be considered.
Observation 1: SA1 defined latency KPI is for the most demanding case e.g. 120 FPS & 8K resolution and already stated that KPI range can be provided depending on use case and architecture.

Observation 2: When defining new 5QI for AIS, these two types of data flows including motion tracking and visual content needs to be considered.
2.2 Discussion on for KPI ranges and 5QI type
As discussed in 2.1, 5ms for UL + DL transmission is for the most demanding case i.e. 120 FPS, based on the current cloud gaming and XR services and also technical trend, 60 FPS and 90 FPS are also very popular.

Therefore, we propose that in addition to 5ms for UL + DL, 10ms for UL + DL and 20 ms for UL + DL are also considered for standardized 5QI.  Therefore, the following UL and DL latency compositions are proposed to be added.

The decomposition of UL and DL latency follows a basic assumption that for UL motion tracking data, as the data rate is not high, using URLLC-related mechanism, lower latency can be achieved.  In this way, more latency budget can be set aside for DL visual content delivery.  Thus, in these proposed parameters set, lower or equal latency is proposed for UL motion tracking data.
	UL+DL = 5ms
	UL:2ms
	DL: 3ms

	UL+DL = 10ms
	UL: 2ms
	DL: 8ms

	
	UL: 5 ms
	DL:5ms

	UL+DL= 20 ms
	UL: 10 ms
	DL:10ms


The PER value for uplink motion tracking can be 10E-4 and PER value for downlink visual content can be 10E-3 as have been provided by SA1.
Proposal 1: SA2 considers new 5QI with 2ms, 5ms and 10ms latency with 10E-4 PER for motion tracking and 3ms, 5ms, 8ms, 10ms with 10E-3 for visual content.
The data rate range depends on both resolution and frame rate which would impact the GFBR and MFBR.  The MBDV value for motion tracking is proposed to be 127 bytes.
Proposal 2: MDBV for motion tracking is specified as 127 bytes.
Regarding to the 5QI type, we proposed that for motion tracking data which don’t need very high data rate, delay critical GBR is adopted.   For visual content, as the data rate is very high and PER requirement is lower, we propose to use GBR 5QI.  Another reason is that for cloud gaming and XR service, to achieve better user experiences, the motion tracking data needs to be delivered at the first place.  Only after such motion tracking data are provided, it is possible to provide high data rate transmission of visual content.  Therefore, we propose to adopt delay critical GBR for motion tracking data.
Proposal 3: For motion tracking data which don’t need very high data rate, delay critical GBR is adopted.   For visual content, as the data rate is very high and PER requirement is lower, we propose to use GBR 5QI.
2.3 About LS to RAN

SA2#142E is the first meeting for 5G-AIS work item.  Rapporteur proposes that if SA2 can discuss and work out exact standardized 5QI values, LS to RAN should be sent out as drafted in [4].  Without exact proposals, LS to RAN would not be productive.
Proposal 4: If SA2 can discuss and work out exact standardized 5QI values, LS to RAN should be sent out to RAN1 with RAN2 CCed.
3
Conclusion
In this paper, we have the following observations and proposals:

Observation 1: SA1 defined latency KPI is for the most demanding case e.g. 120 FPS & 8K resolution and already stated that KPI range can be provided depending on use case and architecture.

Observation 2: When defining new 5QI for AIS, these two types of data flows including motion tracking and visual content needs to be considered.
Proposal 1: SA2 considers new 5QI with 2ms, 5ms and 10ms latency with 10E-3 PER for motion tracking and 3ms, 5ms, 8ms, 10ms with 10E-4 for visual content.
Proposal 2: MDBV for motion tracking are specified as 127 bytes.
Proposal 3: For motion tracking data which don’t need very high data rate, delay critical GBR is adopted.   For visual content, as the data rate is very high and PER requirement is lower, we propose to use GBR 5QI.
Based on the above proposals, the draftCR S2-2008891[5] is proposed and draft LS S2-2008794[4] was provided.
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