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Rationale and Proposal

It is proposed to introduce:

1) New 5QIs for Low Latency and Ultra reliable low latency applications.
2) Max Allowed Packet Size and Minimum Allowed Interarrival Time
Considerations for Item 1 - New 5QIs for Low Latency and Ultra reliable low latency applications:

1) RAN2 LS in S2-176871 indicates the target for user plane latency for UL and DL is 0.5 ms (without reliability requirements) and 1 ms with reliability requirements of 10^-5. With this, NR is able to meet the corresponding IMT-2020 latency requirements. However, it is important to notice that the reliability and latency that can be achieved is depending on radio channel conditions, required packet size and system capacity. 
2) From RAN2 LS, it can be inferred that achieving low latency with a certain reliability also depends on the Packet Size and Interarrival Rate. 

RAN WG2 also indicates 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:
a. 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.

b. 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.

c. 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 

d. 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
e. Whether a certain combination of latency+packet size+reliability is required to be guaranteed or not for the bearer.

3) Taking an example - if RAN has to support a certain minimum packet arrival interval URLLC service then only a certain number of UE could be supported for a given maximum packet size, reliability and maximum packet delay budget, above this limit the RAN would need to block any additional UE. Thus, imposing strict admission control for LL and URLLC services is important. As a result, introducing enablers to support admission control is important.

4) It is proposed to introduce default Maximum Packet Size for such 5QIs. Instead of defining unique 5QI value for varying packet sizes, it is proposed that Maximum Packet Size is introduced as a QoS parameter along with 5QI. This helps introduce the flexibility to negotiate a certain Packet Size for a given application at the same time does not require numerous 5QIs to be defined for the same. This is enforced by the operator and when the applications comply with this the operator commits to deliver the committed 5QI characteristics
a. The Maximum Packet Size is expected to be enforced in the UL and DL by the UE and UPF respectively by dropping packets exceeding the Maximum Packet size
b. The RAN may enforce this in UL and DL.

c. It is expected that the end points (applications in the UE and in the network) leveraging such low latency and URLLC services comply to the Maximum Packet Size for each packet that is transmitted, otherwise, UPF and/or RAN may drop the packets.

5) It has been discussed that it is not easy to come up with a value or even negotiate Packet Arrival Rate, also define how this is enforced in specification. It is proposed to specify and signal Minimum Inter-Arrival Time (i.e. the minimum allowed time interval between consecutive Packets)from which network deduces the Maximum Packet Arrival Rate. This parameter is expected tobe used to enforce  animum Inter-Arrival Time the operator is expected to support as it delivers the committed 5QI characteristics. 

a. It is expected that the UE and UPF  the Minimum Interarrival time in the UL and DL respectively by shaping or dropping packets.
b. The RAN may also enforce the Minimum Interarrival time UL and DL.

c. Thus it is also expected that the end points (applications in the UE and in the network) leveraging such low latency and URLLC services comply to the Minimum Inter-Arrival Time as the duration between 2 consecutive packets. If they send consecutive packets at intervals smaller than the Minimum Interarrival time there is a risk that the packet is shaped or dropped.

6) SA2 has agreed that RAN has to count delayed packets as part of PER thus it is necessary to be able to guarantee latency targets for packets at a given PELR. When network has a stringent requirement, it is important that the end points comply to stringent requirements with the negotiated characteristics for Packet Size and Minimum Interarrival Time.
Proposal 1: Introduce support for Maximum Packet Size, Minimum Inter-Arrival Time as QoS Parameters. For the URLLC an low latency 5QIs which provide latency guarantees.
Considerations for Item 2 - New 5QIs for Low Latency and Ultra reliable low latency applications:

1) TS 22.261 Table 7.2.2-1 is used as the basis for introducing new 5QI values

2) In order to support URLLC services, it is proposed to introduce 5QIs with resource type delay critical GBR.
3) In order to support LL services, it is proposed to introduce 5QIs with resource type GBR for applications that require some guarantee.
4) In order to support LL services, it is proposed to introduce 5QIs with resource type Non-GBR for applications that can tolerate best effort services.
5) As noted in the RAN2 LS:
It should be noted that for most stringent use cases, backhaul and CN processing latencies should be considered close to zero.

Proposal 2: Introduce support for 5QI values for Delay Critical GBR, GBR, non-GBR services (considering example use cases in TS 22.261 Table 7.2.2-1and for the Non GBR 5QI the intention is to provide a lower latency Best effort service.
Some clarification is also added to the section related to the PDB that At present is not complete and unclear.
2
Proposed modification

It is proposed to modify TS 23.501 as follows:

* * * * Start Change * * *.*
5.6.11
UE Location change notification

When a PDU Session is established or modified, or when the user plane path has been changed (e.g. UPF re-allocation), SMF may determine an area of interest, e.g. based on UPF service area, etc., and subscribe to AMF notifications. When the AMF detects that the UE has moved in or out of that area, it need notify SMF of the UE's new location.

For 3GPP access the area of interest is defined by a list of Tracking Areas.

SMF subscribes to "UE mobility event Notification" service provided by AMF. During subscription, SMF provides the area of interest to AMF. The AMF sends UE's new location to SMF when AMF detects that the UE has moved in or out of that area. Upon reception of new UE location notification from AMF, the SMF determines how to deal with the PDU Session, e.g. reallocate UPF.
If the AMF is subscribed to an area of interest by the SMF, and this area of interest is smaller than the Registration Area sent to the UE, the AMF may provide the area of interest information to NG-RAN via the location reporting procedure specified in TS 23.502 [3]. If the NG-RAN detects the UE moves out of or into the area of interest provided by the AMF, NG-RAN notifies the latest UE location to AMF.
In the case of LADN, the SMF only provides the LADN DNN to the AMF to subscribe to notifications when the UE enters or leaves the LADN service area. The AMF notifies the SMF when the AMF detects that the UE has moved in or out of an area where the LADN is available. Upon reception of a notification from the AMF that the UE has moved in or out of an LADN area, the SMF determines how to deal with the PDU Session, e.g. release the PDU Session, deactivate user plane connection for the PDU Session, etc. The AMF may send the UE location to the SMF along with the notification, e.g. for UPF relocation.
The subscription may be maintained during the life of PDU Session, regardless of the UP activation state of PDU Session (e.g. PDU Session UP connection activated or not).

SMF may determine a new area of interest, and send a new subscription to the AMF with the new area of interest.

SMF unsubscribes to "UE mobility event Notification" service when PDU Session is released.

The UE location change notification may also be subscribed by other NF.
* * * * Next Change * * *.*
5.7
QoS model

5.7.1
General Overview

5.7.1.1
QoS Flow
The 5G QoS model is based on QoS Flows. The 5G QoS model supports both QoS Flows that require guaranteed flow bit rate (GBR QoS Flows) and QoS Flows that do not require guaranteed flow bit rate (non-GBR QoS Flows). The 5G QoS model also supports reflective QoS (see clause 5.7.5).

The QoS Flow is the finest granularity of QoS differentiation in the PDU Session. A QoS Flow ID (QFI) is used to identify a QoS Flow in the 5G System. User Plane traffic with the same QFI within a PDU Session receives the same traffic forwarding treatment (e.g. scheduling, admission threshold). The QFI is carried in an encapsulation header on N3 (and N9) i.e. without any changes to the e2e packet header. QFI shall be used for all PDU Session Types. The QFI shall be unique within a PDU Session. The QFI may be dynamically assigned or may be equal to the 5QI (see clause 5.7.2.1).
NOTE:
Policing of User Plane traffic (e.g. MFBR enforcement) is not regarded as QoS differentiation and is done by UPFs on an SDF level granularity.
Within the 5GS, a QoS Flow is controlled by the SMF and may be preconfigured, or established via the PDU Session establishment procedure (see TS 23.502 [3], clause 4.3.2), or the PDU Session Modification procedures (see TS 23.502 [3]).
Any QoS Flow is characterised by:

-
A QoS profile provided by the SMF to the AN via the AMF over the N2 reference point or preconfigured in the AN;

-
One or more QoS rule(s) which can be provided by the SMF to the UE via the AMF over the N1 reference point and/or derived by the UE by applying reflective QoS control; and

-
One or more SDF templates provided by the SMF to the UPF.
Within the 5GS, the QoS Flow of the default QoS rule is required to be established for a PDU Session and to remain established throughout the lifetime of the PDU Session. The QoS Flow of the default QoS rule shall be a Non-GBR QoS Flow.
NOTE 1:
The QoS Flow of the default QoS rule provides the UE with connectivity throughout the lifetime of the PDU Session. That motivates the restriction of this QoS Flow to be of type Non-GBR.

* * * * Next Change * * *.*
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    Maximum Data Burst Volume (for 5QIs with PDB <=20ms).
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.
* * * * Next Change * * *.*
5.7.1.3
Control of QoS Flows
The following options are supported to control QoS Flows:

1)
For non-GBR QoS Flows, and when standardized 5QIs or pre-configured 5QIs are used, the 5QI value can be used as the QFI of the QoS Flow.
(a)
The default ARP shall be pre-configured in the AN; or
NOTE 1:
The above 1a option is intended to be used for non-3GPP ANs (e.g. Fixed AN) scenarios when there is no need for any N1 signalling including PDU Session Establishment, nor any N2 signalling.
(b)
The default ARP and the QFI shall be sent to RAN over N2 at PDU Session Establishment or at PDU Session Modification and when NG-RAN is used every time the User Plane of the PDU Session is activated; and

2)
For all other cases (including GBR and non-GBR QoS Flows), a dynamically assigned QFI shall be used. The 5QI value may be a standardized, pre-configured or dynamically assigned. The QoS profile and the QFI of a QoS Flow is provided to the (R)AN over N2 at PDU Session Establishment/Modification and when NG-RAN is used every time the User Plane of the PDU Session is activated.
NOTE 2:
The options 1b and 2 are intended to be used for 3GPP ANs.
NOTE 3:
Pre-configured 5QI values cannot be used when the UE is roaming.
* * * * Next Change * * *.*
5.7.1.4
QoS Rules

The UE performs the classification and marking of UL User plane traffic, i.e. the association of UL traffic to QoS Flows, based on QoS rules. These QoS rules may be explicitly provided to the UE (using the PDU Session Establishment/Modification procedure ), pre-configured in the UE or implicitly derived by UE by applying reflective QoS (see clause 5.7.5). A QoS rule contains a QoS rule identifier which is unique within the PDU Session, the QFI of the associated QoS Flow and except for the default QoS rule (see below) a Packet Filter Set (see clause 5.7.6) for UL and optionally for DL and a precedence value (see clause 5.7.1.9). Additionally, for a dynamically assigned QFI, the QoS rule contains the QoS parameters relevant to the UE (e.g. 5QI, GBR and MBR and the Averaging Window). There can be more than one QoS rule associated with the same QoS Flow (i.e. with the same QFI).
A default QoS rule is required for every PDU Session and associated with the QoS Flow of the default QoS rule. The default QoS rule is the only QoS rule of a PDU Session that may contain no Packet Filter Set in which case, the highest precedence value shall be used). If the default QoS rule does not contain a Packet Filter Set, the default QoS rule defines the treatment of packets that do not match any other QoS rule in a PDU Session.
NOTE:
As long as the default QoS rule does not contain any packet filter, reflective QoS should not be applied for the QoS Flow belonging to the default QoS rule and the RQA should not be sent for this QoS Flow.


* * * * Next Change * * *.*
5.7.2.7
Maximum Data Burst Volume
Each QoS flow with a 5QI with PDB value equal to 20 ms or lower shall be associated with:
-
Maximum Data Burst Volume.

Maximum Data Burst Volume denotes the largest amount of data that the AN is required to serve within a period of PDB. The Maximum Data Burst Volume may be signalled with 5QIs to the (R)AN, 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.
* * * * Next Change * * *.*
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.

* * * * Next Change * * *.*
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 QoS flow, a packet delayed more than PDB is counted as lost if the transmitted data burst is less than Maximum Data Burst Volume within the period of PDB. For all other flows, the PDB shall be interpreted as a maximum delay with a confidence level of 98 percent. For non-GBR flows, the packets is served with best effort (e.g. lower priority).

The PDB denotes a "soft upper bound" in the sense that an "expired" packet, e.g. a link layer SDU that has exceeded the PDB, does not need to be discarded and is not added to the PER. However, for a delay critical GBR resource type, packets delayed more than the PDB are added to the PER.

* * * * Next Change * * *.*
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 if the Maximum Data Burst Volume if the transmitted data burst is less than Maximum Data Burst Volume within the period of PDB. If the transmitted burst for a delay critical GBR QoS flow is greater than the Maximum Data Burst Volume, delayed packet is not 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.
* * * * Next Change * * *.*
5.7.4
Standardized 5QI to QoS characteristics mapping

The one-to-one mapping of standardized 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
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error

Rate 
	Default Maximum Data Burst Volume

(NOTE 2)
	Default

Averaging Window
	Example Services

	A
	Delay Critical GBR
	9
	1 ms
	10-5
	32 B
	TBD
	Discrete automation motion control

	B
	
	11
	5 ms
	10-5
	160 B
	TBD
	Electricity distribution High voltage/remote control

	C
	
	12
	10 ms
	10-5
	320 B
	TBD
	Intelligent transport systems

	D
	
	13
	20 ms
	10-5
	640 B


	TBD
	Electricity distribution, 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

	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
	
	18
	10 ms
	10-4
	320 B
	TBD
	Discrete automation

	f
	
	19
	10 ms
	10-3
	320 B
	TBD
	Electricity distribution, automation

	5
NOTE 3
	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.)

	
	
	
	
	
	N/A
	
	

	
	
	
	
	
	
	

	

	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

	H
	
	66
	20 ms

	10-6
	N/A
	N/A
	Applications requiring low latency service with best effort.

	
	


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.
* * * * Next Change * * *.*
5.7.5
Reflective QoS

5.7.5.1
General

Reflective QoS enables the UE to map UL User Plane traffic to QoS Flows without SMF provided QoS rules and it applies for IP PDU Session and Ethernet PDU Session. This is achieved by creating UE derived QoS rules in the UE based on the received DL traffic. It shall be possible to apply reflective QoS and non-reflective QoS concurrently within the same PDU Session.

For a UE supporting reflective QoS functionality, the UE shall create a derived QoS rule for the uplink traffic based on the received DL traffic if reflective QoS function is used by the 5GC for some traffic flows. The UE shall use the derived QoS rules to determine mapping of UL traffic to QoS Flows.

If the 3GPP UE supports Reflective QoS functionality, the UE shall indicate support of reflective QoS to the network (i.e. SMF) during the PDU Session establishment.
5.7.5.2
UE Derived QoS Rule

The UE derived QoS rule contains following parameters:

-
One Packet Filter (in the Packet Filter Set as defined in clause 5.7.6.2 or 5.7.6.3);
-
QFI;
-
Precedence value (see clause 5.7.1.9).

The UL packet filter is derived based on the received DL packet by using the source IP address and port number as destination IP address and port number and vice versa.

The QFI of the derived QoS rule is set to the value received in the DL packet.

When Reflective QoS is activated the precedence value for all derived QoS rules is set to a standardised value.

5.7.5.3
Reflective QoS Control

Reflective QoS is controlled on per-packet basis by using the Reflective QoS Indication (RQI) in the encapsulation header on N3 reference point together with the QFI, together with a Reflective QoS Timer (RQ Timer) value that is either signaled to the UE upon PDU Session establishment or set to a default value.

When the 5GC determines that Reflective QoS has to be used for a specific SDF belonging to a QoS Flow, the SMF shall provide the RQA (Reflective QoS Attribute) within the QoS Flow's QoS profile to the NG-RAN on N2 reference pointQoS Flow unless it has been done so before. When the RQA has been provided to the NG-RAN for a QoS Flow and the 5GC determines that the QoS Flow carries no more SDF for which Reflective QoS has to be used, the SMF should signal the removal of the RQA (Reflective QoS Attribute) from the QoS Flow's QoS profile to the NG-RAN on N2 reference point.
NOTE 1:
The SMF could have a timer to delay the sending of the removal of the RQA. This would avoid signaling to the RAN in case new SDFs subject to Reflective QoS are bound to this QoS Flow in the meantime.
When the 5GC determines to use reflective QoS for a specific SDF, the SMF shall include an indication to use reflective QoS for this SDF in the corresponding SDF information provided to the UPF via N4 interface.
When the UPF receives this indication for an SDF, the UPF shall set the RQI bit in the encapsulation header on the N3 reference point for every DL packet corresponding to this SDF.

When an RQI is received by (R)AN in a DL packet on N3 reference point, the (R)AN shall indicate to the UE the QFI and the RQI of that DL packet.
Upon reception of a DL packet with RQI:
-
if a UE derived QoS rule with a packet filter corresponding to the DL packet does not already exist,

-
the UE shall create a new UE derived QoS rule with a packet filter corresponding to the DL packet; and

-
the UE shall start, for this UE derived QoS rule, a timer set to the RQ Timer value.
-
otherwise the UE shall restart the timer associated to this UE derived QoS rule.
NOTE 2:
Non-3GPP ANs does not need N2 signalling to enable Reflective QoS. Non 3GPP accesses are expected to send transparently the QFI and RQI to the UE. If the UPF does not include the RQI, no UE derived QoS rule will be generated. If RQI is included to assist the UE to trigger an update of the UE derived QoS rule, the reception of PDU for a QFI restarts the RQ Timer.
Upon timer expiry associated with a UE derived QoS rule the UE deletes the corresponding UE derived QoS rule.
When the 5GC determines to no longer use reflective QoS for a specific SDF, the SMF shall remove the indication to use reflective QoS in the corresponding SDF information provided to the UPF via N4 interface. 
When the UPF receives this instruction for this SDF, the UPF shall no longer set the RQI bit in the encapsulation header on the N3 reference point. 
The UPF shall continue to accept the UL traffic of the SDF for the originally authorized QoS Flow for an operator configurable time.
NOTE 3:
This means that the detection and QoS enforcement instructions which were applied before the SMF removed the indication to use reflective QoS remain active in UL direction while the accounting of the UL traffic is done according to the new instructions. 

NOTE 4:
The operator configurable time has to be at least as long as the RQ Timer value to ensure that no UL packet would be dropped until the UE derived QoS rule is deleted by the UE.
* * * * End Change * * *.*
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