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Abstract of the contribution: This contribution introduces new 5QIs providing characteristics for URLLC use cases. Furthermore, it discusses and introduces further modifications to 5G QoS addressing the URLLC use cases.
Introduction

This contribution introduces new 5QIs to support the URLLC use cases. Furthermore, it introduces new QoS parameters that are needed to support URLLC in RAN. 
In the LS reply from RAN2, R2-1709976, it is stated that:

“RAN WG2 believes that the RAN would need to know about the following - in addition to required latency, reliability, and priority– in order to make accurate admission control decisions:

· Packet size (Application/IP level SDU size) to be delivered. This is equivalent to a bit rate within a certain short time driven by the latency requirement.

· For Non-GBR - Packet arrival rate: This will enable the RAN to understand roughly how much system capacity would be needed to handle the user and still serve other users in the system. Requiring a packet to be transferred with low latency very frequently would take more toll on system capacity than an infrequent packet transfer.

· For GBR - Activity Factor: the percentage of traffic activity among the underline QoS flow/EPS bearer which can be used together with GBR for system capacity management 

· In addition, for non-GBR bearers it would be helpful if SA2 could include an indication if this particular bearer is going to use lower latency feature and at which maximum bit rate the service is supposed to provide
· Whether a certain combination of latency+packet size+reliability is required to be guaranteed or not for the bearer.

RAN2 is not aware of limitations on packet size as such, as packets can be segmented in the RLC layer. On the other hand, the instantaneous bitrate (packet size * packet arrival rate) is potentially limited due to repetitions and low coding rate to ensure reliability.”
The following section discuss how these properties can be described within the QoS framework.

Furthermore, a note is added in in section 5.3.7.2 clarifying that unless otherwise stated the delay critical GBR Resource Type is subsumed under GBR Resource Type.
Averaging Window, maximum burst size and Activity Factor  
The new characteristics parameter Averaging Window (AW) can be used to derive a maximum data burst size. Since the bitrate is GFBR measured over AW, the largest amount of data that can arrive at the same time is given by:


Max burst size = GFBR * AW
This value can be used in the AN to calculate the maximum required instant bitrate:


Required instant bitrate = Max burst size / (PDB – jitter margin - transport delay)
The AW parameter can also be used to describe the activity of a flow, and how bursty the flow is. If the application will have a constant bitrate, a low AW should be used, so that it reflects that characteristics. However, if the required bitrate is expected to fluctuate over time, and/or there will be periods of inactivity, a large AW can be used with a lower GFBR. The GFBR will then describe the average capacity needed to serve the flow, but in that case, the AW value might not be useful for calculation of required instant bitrate.

Observation 1: The Averaging Window parameter can be used to describe the Activity Factor of a flow.

Observation 2: The Averaging Window characteristics can be used to calculate the maximum burst size for flows with constant bitrates, but for some bursty flows, the largest burst size might be significantly smaller.

For flows where the largest packet size is significantly smaller than the maximum burst size given by AW, it would be useful for the AN if the maximum burst size is defined.  The maximum required instant bitrate can then be calculated by:


Required instant bitrate = Max burst size / (PDB – jitter margin – transport delay).
If the data packets arrive with sufficient spacing, the largest packet size can be used as max burst size. However, if the packets interarrival time is small, so that several packets need to be served within the time of PDB, the instant bitrate must be larger. Therefore, it should be required that the max burst size is the largest amount of data which may arrive within the interval of PDB.  
Proposal 1: A new characteristics parameter ‘Max Burst Size’ is introduced. It may be used for services where the highest required instant bitrate is significantly lower than given by AW and GFBR. Within one period of PDB, the AN is not required to serve more data than the maximum packet size.  
According to TR 38.913, NR will support one way latency down to 1 ms for a packet size of 32 bytes. We do therefore propose to use that value for standardized 5QI’s with 1 ms requirements, and use values proportionally to PDB for 5QI’s with other PDB requirements. 
Proposal 2: For currently standardized 5QI’s, the Max Packet Size is N/A, and for URLLC 5QI’s, the values used are 32*PDB bytes. 

Non-GBR 

In LTE non-GBR bearers could be used for critical flows, i.e QCI5. The reason was that even though the flow had strict requirements, the bitrate of the flow was not constant, and could not be described by the GBR. However, with the introduction of AW in 5G, it is possible to set long AW for flows that do not have constant bitrate, and therefore it is possible to define a GFBR also for such flows. In 5G there is no reason to use non-GBR flows for services with strict requirements.

Proposal 3: Do not define non-GBR 5QI’s for URLLC services.

Guarantees

The new QoS parameter Notification control is used to define if the CN should be notified when the QoS requirements can not be fulfilled. If the CN will close down notified flows, the application has a ‘guarantee’ that QoS requirements of active flows are met, and if the CN instead forwards notifications to the application, the application has a ‘guarantee’ that the QoS requirements are met unless notified.
Observation 3: The QoS parameter Notification control can be used to define whether a certain combination of latency+burst size+reliability is required to be guaranteed or not for the flow.
Conclusions
We make the following observations and proposals

Observation 1: The Averaging Window parameter can be used to describe the Activity Factor of a flow.

Observation 2: The Averaging Window characteristics can be used to calculate the maximum burst size for flows with constant bitrates, but for some bursty flows, the largest packet size might be significantly smaller.

Observation 3: The QoS parameter Notification control can be used to define whether a certain combination of latency+burst size+reliability is required to be guaranteed or not for the flow.
Proposal 1: A new characteristics parameter ‘Max Burst Size’ is introduced. It may be used for services where the highest required instant bitrate is significantly lower than given by AW and GFBR. Within one period of PDB, the AN is not required to serve more data than the maximum burst size.  

Proposal 2: For currently standardized 5QI’s, the Max Burst Size is N/A, and for URLLC 5QI’s, the values used are 32*PDB bytes. 

Proposal 3: Do not define non-GBR 5QI’s for URLLC services.
Proposal

Add the following to the TS 23.501.
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5.7.3
5G QoS characteristics

5.7.3.1
General

This clause specifies the 5G QoS characteristics associated with 5QI. The characteristics describe the packet forwarding treatment that a QoS Flow receives edge-to-edge between the UE and the UPF in terms of the following performance characteristics:

1
Resource Type (GBR, delay critical GBR or Non-GBR);

2
Priority level;

3
Packet Delay Budget;

4
Packet Error Rate;

5
Averaging window.
6
Max Burst Size
The 5G QoS characteristics should be understood as guidelines for setting node specific parameters for each QoS Flow e.g. for 3GPP radio access link layer protocol configurations.

Standardized or pre-configured 5G QoS characteristics, are indicated through the 5QI value, and are not signalled on any interface.

Signalled QoS characteristics are included as part of the QoS profile.
5.7.3.2
Resource Type
The Resource Type determines if dedicated network resources related QoS Flow-level Guaranteed Flow Bit Rate (GFBR) value are permanently allocated (e.g. by an admission control function in a radio base station). GBR QoS Flow are therefore typically authorized "on demand" which requires dynamic policy and charging control. A Non-GBR QoS Flow may be pre-authorized through static policy and charging control. There are two kinds of GBR resource types, GBR and Delay critical GBR. Both resource types are treated the same, except that the definition of PDB and PER are different. AN may release the QoS Flow and indicate the QoS Flow release to the SMF (e.g. when radio conditions do not allow the AN to maintain all the GBR QoS Flows).
NOTE:
Unless otherwise stated the delay critical GBR Resource Type is subsumed under GBR Resource Type.
5.7.3.3
Priority Level
The Priority level indicate a priority in scheduling resources among QoS Flows. The Priority levels shall be used to differentiate between QoS Flows of the same UE, and it shall also be used to differentiate between QoS Flows from different UEs. Once all QoS requirements are fulfilled for the GBR QoS Flows, spare resources can be used for any remaining traffic in an implementation specific manner. The lowest Priority level value corresponds to the highest Priority.
The priority level may be signalled with standardized 5QIs, and if it is received, it overwrites the default value specified in QoS characteristics Table 5.7.4.1.
5.7.3.4
Packet Delay Budget

The Packet Delay Budget (PDB) defines an upper bound for the time that a packet may be delayed between the UE and the UPF that terminates the N6 interface. For a certain 5QI the value of the PDB is the same in UL and DL. In the case of 3GPP access, the PDB is used to support the configuration of scheduling and link layer functions (e.g. the setting of scheduling priority weights and HARQ target operating points). For a delay critical GBR flows, a packet delayed more than PDB is counted as lost. For all other flows, the PDB shall be interpreted as a maximum delay with a confidence level of 98 percent.

For non-GBR flows, and GBR flows with bitrates above GFBR, it is not required that delays are included in the PDB measurement.
NOTE:
The PDB denotes an end-to-end "soft upper bound".

5.7.3.5
Packet Error Rate

The Packet Error Rate (PER) defines an upper bound for the rate of PDUs (e.g. IP packets) that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access). Thus, the PER defines an upper bound for a rate of non-congestion related packet losses. The purpose of the PER is to allow for appropriate link layer protocol configurations (e.g. RLC and HARQ in RAN of a 3GPP access). For some 5QI the value of the PER is the same in UL and DL. For QoS Flows with delay critical GBR resource type, a packet which is delayed more than PDB is counted as lost, and included in the PER.
Editor's note:
Whether for non-standardized 5QI value range "allowed boundaries" for the 5G QoS characteristics needs to be specified e.g. minimum allowed PDB< X ms, PLR < 10^-X, etc. is FFS.
5.7.3.6
Averaging Window

The Averaging window is defined only for GBR QoS Flows. The Averaging window represents the duration over which the GFBR and MFBR shall be calculated (e.g. (R)AN, UPF, UE). The averaging window may be signalled with 5QIs to the (R)AN and UPF, and if it is not received a standardized value applies (for standardized 5QIs the value in the QoS characteristics Table 5.7.4-1 applies).
5.7.3.6
Max Burst Size

The Max Burst Size gives the largest amount of data that the AN is required to serve within a period of PDB. The value is used in RAN to calculate the maximum instantaneous bitrate required for the flow. 
If data bursts larger than the Max Burst Size arrive to the AN, the data should be delivered, but it is not required that the PDB requirement is fulfilled.
NOTE:
If the Max Burst Size is set to N/A, the maximum instantaneous bitrate can be estimated as GFBR*Averaging Window/(PDB-jitter-transport delay).
5.7.4
Standardized 5QI to QoS characteristics mapping

The one-to-one mapping of standardized QFI & 5QI values to 5G QoS characteristics is specified in table 5.7.4-1.

Table 5.7.4-1: Standardized 5QI to QoS characteristics mapping

	5QI

Value & QFI
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error

Rate 
	Default Averaging Window
	Max Burst Size
	Example Services

	1

	
GBR
	20
	100 ms
	10-2
	TBD
	TBD
	Conversational Voice

	2

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

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

	4

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

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

	66

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

	75
	
	25
	50 ms
	10-2
	TBD
	TBD
	V2X messages

	
	Delay critical GBR
	
	
	
	
	
	

	76
	
	?
	2 ms
(NOTE 1)
	10-5

	TBD
	32
	Based on “Discrete automation – motion control” in TS 22.261, Table 7.2.2-1

	77
	
	?
	11 ms
(NOTE 1)
	10-5
	TBD
	70
	 Based on “Intelligent Transport system” in TS 22.261, Table 7.2.2-1

	78
	
	?
	6 ms
(NOTE 1)
	10-5
	TBD
	320
	Based on ”Remote control” in TS 22.261, Table 7.2.2-1

	5
	Non-GBR
	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
	
	
	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

	
	
	
	
	
	
	
	

	NOTE 1: For the Resource Type Delay Critical GBR, the Packed Delay Budget (PDB) includes 1 ms delay from the N6 interface to the RAN.




*************** End of changes *********************

�Reliability set based on RAN1 input in R1-1715089.
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