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1. Introduction

The first objective listed in the E-FLUS Work Item Description [1] is:
· Recommend new QoS features including new QCI/5QI values corresponding to new options in trading off video quality for media delivery latency.
This contribution investigates the need for defining new QCI/5QI values and proposes a way forward.
2. QoS for FLUS
2.1 High Bitrates
As documented in [2], SA4 has identified the following bitrate requirements for audio and video content that can be transported using the FLUS service.
User Generated Content

Video

	Content
	720p HD
	Full 1080p HD
	4k UHD
	8k UHD
	Basic 360 VR
	HD 360 VR
	Retinal VR

	Bitrate (Mbps)
	3-10
	5-15
	10-85
	20-150
	10-85
	20-150
	40-300


Audio

	Content
	Normal Quality Audio
	High Quality Audio

	Bitrate (kbps/channel)
	24.4
	128


Professional Content
Video

	Content
	Full 1080p HD
	4k UHD
	8k UHD
	Normal Quality 360 VR
	High Quality 360 VR

	Bitrate (Mbps)
	18-21
	96
	140
	96
	140


Audio

	Content
	Normal Quality Audio
	High Quality Audio
	Extreme Quality Audio

	Bitrate (kbps/channel)
	96
	96
	768-1152


The bitrate requirements for video can be quite high, especially for the more compelling higher quality content.  The high uplink bitrates themselves do not warrant definition of new QCIs/5QIs as the bitrates are communicated to the eNB/gNB via the GBR (GFBR) and MBR (MFBR) parameters.  However, transporting the higher data rates on the uplink of E-UTRAN or NR can be quite challenging unless there can be some relaxation in the latency requirements to provide the scheduler a larger window over which it can schedule UL transmissions at more opportune times.  
2.2 Range of Latencies
	Existing Packet Delay Budget (PDB) values (ms) specified in Table 5.7.4-1 of TS 23.501 (see 6. Annex below)
	5
	10
	20
	50
	60
	75
	100
	150
	300


The currently specified PDB values (see 6. Annex) are more focused on shorter latencies, with many of the new lower end values specified for discrete automation, ITS, and remote-control applications.  The longer 100ms and 150ms are used for conversational voice and video, respectively.  For the non-conversational (buffered streaming) video, a PDB of 300ms has been defined.  
All of the above values are quite limited and overly stringent for the various types of Live Streaming use cases.  For example, the end-to-end latency requirements can range from 15 seconds for non-interactive services where the listener merely consumes the media, to below 5 seconds for more interactive services, e.g., FaceBook Live where listeners can send reactions (“Like, Laugh, Anger, Sad, Awe”) or comments to the source during the streaming event.  
Therefore, to allow the RAN scheduler to take better advantage of the additional latency tolerance when transporting the higher bit rates on the uplink, the source proposes that new QCIs/5QIs for live uplink streaming of media with the following PDB values be specified:
	Propsed PDB values (ms) for uplink streaming of media (video, audio, etc...) 
	500
	1,000
	2,000
	5,000
	10,000


For some transport protocols, e.g., TCP, the increase in round-trip time (RTT) caused by longer PDB values will decrease throughput.  Based on the Mathias et. al. approximation, the steady state TCP throughput 

rate < (MSS/RTT)*(C/sqrt(Loss)) [ C=1 ]
and setting MSS to 1460 bytes we have the following table:

	RTT (ms)
	80
	2x150
	2x300
	2x500
	2x1000
	2x2000
	2x5000
	2x10000

	Througput (Mbps) @ PLR 1E-06
	146
	38.93
	19.47
	11.68
	5.84
	2.92
	1.17
	0.584

	Througput (Mbps) @ PLR 1E-08
	1460
	389.33
	194.67
	116.80
	58.40
	29.20
	11.68
	5.84


TCP Throughput vs. RTT and PLR

Therefore, even if acceptable for the end-to-end service latency requirements, some of the longer PDB values may not be used for certain transport protocols (e.g., TCP) when needing to stream at higher data rates.  
2.3 Packet Loss Rates

RAN level PLR requirements can vary depending on a number of factors, including: 

· Use of error recovery transport layer protocols such as TCP or FEC

· Application layer error resiliency (e.g., video IDR and Long-Term Reference frames)
· Codec error resiliency and concealment

· QoE target for the service

The current set of RAN level PLR targets as specified in the 5QIs are listed below.
	Existing PLR values specified in Table 5.7.4-1 of TS 23.501 (see 6. Annex below)
	10-2
	10-3
	10-4
	10-5
	10-6


Not all of these PLR values are needed for the uplink streaming use cases.  10-4 could be useful for RTP/UDP transport when the service can tolerate this level of packet loss, e.g., audio stream or “low-end video” video with slightly better quality than conversational video.  

On the other hand, as shown in the previous table on TCP throughput, there is some benefit in specifying a lower PLR value of 10-8 in order to support throughput in excess of 40Mbps when using TCP as the transport.  This lower PLR may be challenging to achieve using only HARQ ReTXs under all conditions (e.g., when there are concurrent services with a lower PDB), but could be supported by a combination of less HARQ ReTXs and relying on RLC ReTXs with a longer PDB.  RAN WG2 should be consulted on this.  
 It is proposed to consider the following PLR values for uplink streaming.
	Proposed PLR values for uplink streaming of media 
	10-4
	10-6
	10-8


Aside from relying on the lower PLR values, SA4 should also consider evaluating other means to achieve the higher TCP throughput such as TCP optimizations involving parallel TCP connections, minimizing head of line blocking, QUIC, etc…

3. Conclusion

The currently defined QCIs/5QIs are not sufficient for the RAN to fully exploit the QoS requirements of all FLUS services.  This can make it difficult to meet overly stringent requirements set by using the current QCIs/5QIs.

The following set of new QCIs/5QIs should be specified to address this issue:

	PLR \ PDB (ms)
	150
	300
	500
	1,000
	2,000
	5,000
	10,000

	10-4
	5QI Exists
	New 5QI
	New 5QI 
	New 5QI 
	New 5QI 
	New 5QI 
	New 5QI 

	10-6
	New 5QI
	5QI Exists
	
	
	
	
	

	10-8
	
	New 5QI
	New 5QI
	New 5QI
	
	
	


4. Proposal

1. SA4 agree on the conclusion in clause 3.
2. SA4 send an LS to RAN2 requesting feedback on whether defining new QCIs/5QIs with these values would be useful for improving capacity and how the lower PLRs might be achieved for uplink streaming.
3. S4 send an LS to SA2 requesting that SA2 consider specifying new QCIs/5QIs for uplink streaming based on the table in clause 3.
5. References

[1]
S4-180575 E-FLUs WID Proposal

[2]
S4-AHI793 LS on typical media bandwidths
6. Annex: QCI/5QIs from 3GPP TS 23.501 v15.1.0
Table 5.7.4-1: Standardized 5QI to QoS characteristics mapping

	5QI

Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error

Rate 
	Default Maximum Data Burst Volume

(NOTE 2)
	Default

Averaging Window
	Example Services

	10
	Delay Critical GBR
	11
	5 ms
	10-5
	160 B
	TBD
	Remote control 

(see TS 22.261 [2])

	11

NOTE 4
	
	12
	10 ms

NOTE 5
	10-5
	320 B
	TBD
	Intelligent transport systems

	12
	
	13
	20 ms
	10-5
	640 B


	TBD
	

	16

NOTE 4
	
	18
	10 ms
	10-4
	255 B
	TBD
	Discrete Automation

	17

NOTE 4
	
	19
	10 ms
	10-4
	1358 B

NOTE 3
	TBD
	Discrete Automation

	1

	
GBR

NOTE 1
	20
	100 ms
	10-2
	N/A
	TBD
	Conversational Voice

	2

	
	40
	150 ms
	10-3
	N/A
	TBD
	Conversational Video (Live Streaming)

	3
	
	30
	50 ms
	10-3
	N/A
	TBD
	Real Time Gaming, V2X messages

Electricity distribution – medium voltage, Process automation - monitoring

	4

	
	50
	300 ms
	10-6
	N/A
	TBD
	Non-Conversational Video (Buffered Streaming)

	65
	
	7
	75 ms
	
10-2
	N/A
	TBD
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)

	66

	
	
20
	100 ms
	
10-2
	N/A
	TBD
	Non-Mission-Critical user plane Push To Talk voice

	75
	
	25
	50 ms
	10-2
	N/A
	TBD
	V2X messages

	E

NOTE 4
	
	18
	10 ms
	10-4
	255 B
	TBD
	Discrete Automation

	F

NOTE 4
	
	19
	10 ms
	10-4
	1358 B

NOTE 3
	TBD
	Discrete Automation

	5
	Non-GBR

NOTE 1
	10
	100 ms
	10-6
	N/A
	N/A
	IMS Signalling

	6
	
	
60
	
300 ms
	
10-6
	N/A
	N/A
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
	
	
70
	
100 ms
	
10-3
	N/A
	N/A
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	
80
	
300 ms
	

10-6
	N/A
	N/A
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9
	
	90
	
	
	N/A
	N/A
	sharing, progressive video, etc.)

	69
	
	5
	60 ms
	10-6
	N/A
	N/A
	Mission Critical delay sensitive signalling (e.g., MC-PTT signalling)

	70
	
	55
	200 ms
	10-6
	N/A
	N/A
	Mission Critical Data (e.g. example services are the same as QCI 6/8/9)

	79
	
	65
	50 ms
	10-2
	N/A
	N/A
	V2X messages

	80
	
	66
	10 ms


	10-6
	N/A
	N/A
	Low Latency eMBB applications Augmented Reality

	NOTE 1:
a packet which is delayed more than PDB is not counted as lost, thus not included in the PER.
NOTE 2:
it is required that default Maximum Data Burst Volume is supported by a PLMN supporting the related 5QIs.

NOTE 3:
This Maximum Burst Size value is intended to avoid IP fragmentation on an IPv6 based, IPSec protected, GTP tunnel to the 5G-AN node.

NOTE 4:
A delay of 1 ms for the delay between a UPF terminating N6 and a 5G-AN should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface.

NOTE 5:The jitter for this service is assumed to be 20 msec as per TS 22.261 [2].


NOTE:
For Standardized 5QI to QoS characteristics mapping, the table will be extended/updated to support service requirements for 5G, e.g. ultralow latency service.


