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Introduction
One of the expectation on 5G system is the ability to fulfil stringent QoS targets. In this paper, leveraging a simple model to illustrate the fulfilment of the QoS targets, we discuss the list of QoS parameters in the QoS profile and propose the inclusion of some additional parameters.
In SA2 it has been agreed that there will be two flow types, type A and type B. Type B is expected to be used for most kinds of specialized flows:

· MTC and Critical MTC

· Public service with specialized requirements

· Over-the-top flows with known service requirements’

Type B flows will be assigned flow ID’s dynamically, so it is not possible to specify the flow treatment through a set of AN configured parameters per flow type, unless a 5QI value is also included. All information that the RAN needs to optimize service performance and prioritize flows, shall generally be provided through the QoS parameters.  

In current (EPS) QoS framework, observability of QoS target fulfilment is difficult. Ericsson sees a need for well-defined QoS target definitions that map directly to service performance.
It is proposed that the following is consider for inclusion in the 5G QoS profile, as new QoS characteristics or as new QoS parameters: 

· Preferred Bit Rate for nonGBR flows 

· Averaging Window size

· Periodicity

· Relative priority

A simple model to illustrate the effect of RRM algorithms
The graph below is used to illustrate the achievable QoS target, in this case the bit rate, for 8 users in various radio conditions. All users are assumed to have much data and not being limited by a MBR. In the example in figure 1, a “resource fair” RRM algorithm is used, i.e. all users receive the same amount of resources regardless of their radio conditions or target QoS/bitrate requirements and achieve therefore very different bit rates
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Figure 1
Illustrating the relation between QoS targets, in this case bitrate, and resource fair distribution (RRM)  
Flow bitrate requirements
Most services have minimum bitrate requirements to perform satisfactory. If the minimum requirements are known to the AN, it is possible to maximize network utilization and app coverage. 
Some services (GBR services) require that the ability to fulfill the minimum bitrate requirement is assessed at admission control and secured before the service is allowed. If this minimum bitrate cannot be sustained by the network, the service expectation is that the delivery of the service is interrupted and the service layer notified. This minimum bitrate is referred to as the “Guaranteed Flow Bit Rate” of a GBR flow. 

Other services (non-GBR services) can survive temporary conditions during which the minimum bitrate requirement is not fulfilled. Thus, these services do not require any admission control on minimum QoS targets. We can therefore refer to this bitrate as to a Preferred Flow Bit Rate. If the Preferred Bit Rate of non-GBR services would be known and associated to non-GBR QoS flows, the Radio Resource Management (RRM) /Scheduler could take into consideration this rate to 
· firstly (in order of priority among non-GBR flows) fulfill the Preferred Minimum Flow Bit Rate, and 
· secondly assess when this target is fulfilled to distribute the excess of resources across other flows. 
Additionally, if a Preferred Minimum Flow Bit Rate is set for non-GBR flows, delay and loss requirements can be applied to the user traffic. If no bit rate is known for a non-GBR QoS flow, then there is no guidance to fulfill other targets. 
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Figure 2
Effect in the RRM of including the fulfilment of a preferred bit rate for non-GBR flows and resource fair scheduling 
In Figure 2, an example is illustrated with non-GBR flows having a Preferred Flow Bit Rate of 200kbps per flow to perform satisfactory. The radio conditions are as in Figure 1, but in this case the scheduler secures that Preferred Flow Bit Rate first is delivered to all non-GBR flows. In this example, once the preferred bit rate has been satisfied for all users, a resource fair split is used to distribute excess resources. Note that compared to case illustrated in Figure 1, user 1 and 2 are now given sufficient resources to reach the Preferred Flow Bit Rate.
Observation 1: Introducing a “Preferred Flow Bit Rate” for non-GBR flows makes it possible to secure that prioritized flows in adverse radio conditions can be satisfied also for non-GBR services. Note that the averaging window time to assess the bitrate may be different for different flows. 
Proposal 1: Ericsson proposes that bit rate requirements may be defined for all flows. 

· UL and DL Guaranteed Flow Bit Rate for GBR flows 
· The flow bitrate which is required 
· Used in admission control and pre-emption of flow. 
· GFBR is measured over an Averaging window of defined size (see below for the definition). 
· UL and DL Preferred Flow Bit Rate for non-GBR flows
· Optionally set for non-GBR flows.
· Not used for admission control or pre-emption of the flow

· Should only be satisfied after GFBR is satisfied for GBR flows
· PFBR is measured over an Averaging window of defined size (see below for the definition).
Packet Delay and Loss requirement
For GBR services, up to the guaranteed bit rate, the Packet Delay and Packet loss targets are strict requirements which the service can expect to be fulfilled. But for non-GBR services, and for GBR services with a bit rate above GFBR, the service can expect congestion-related packet drops and/or longer delays during network congestion.
Reliable services are expected to require very varying but stringent requirements on the delivery of the packets. Packets that are not delivered in time may not be useful for the service layer and in terms of fulfilling the QoS characteristics. Those packets should in this case be considered as lost packets.

Current standard requires that 98% of all packets are within the delay requirement. 
Observation 2: An improved definition of Packet Delay and Loss requirements is needed. Lower late-loss requirements should be available. 
Proposal 2: Ericsson proposes to clarifty that:
· For non-GBR QoS Flows, and for bitrate exceeding GBR but below MBR, the packets are not included in the PDB target. PDB target can be used as an input for RRM
· Defines the upper bound for the time a packet may be delayed between the UE and the CN_UP
· Confidence level of 98%
· Tougher confidence level is needed for some flows. How to signal that is for further study. 
· For Packet error rate:
· Defines the amount of packet losses due to radio loss. (HARQ failure etc.)
· For some real-time flows, late-loss should be included. How to signal that is for further study.
· A better definition of how to measure the fulfilment of the PDB and PER requirements is needed and for further study.
Averaging window
Observation 3:  Services delivered over the 5G system may have very large variations in terms of bitrate and packet arrivals. To provide adequate delivering QoS Characteristics an averaging time window to assess the bitrate may be provided for different flows. Without a definition the interpretation of the QoS parameters is unclear and different definitions selected by different vendors could result in large variations of the measured bit rates among the vendor implementations. Through the setting of a Averaging Time Window it is possible to: 
· optimize network and transmit data ‘just-in-time’ if the time requirements are known.  
· achieve better observability of QoE if the QoS targets match the need of the application.
· For streaming video, the bitrate target need to be fulfilled in the timeframe of the application buffer.
· For signaling flows, the bitrate must be fulfilled on a much shorter timescale
Proposal 3: A window size should be defined for measuring fulfilment of bitrate targets and introduced as a new QoS characteristic. The standardized definition of the averaging window is used when observing the fulfilment of QoS bitrate targets (i.e. PFBR and GFBR), as well as when observing the compliance to the maximum bitrate MBR.)
UL/DL Periodicity
Observation 4:  If the service periodicity (i.e the periodic arrival of packet bursts, as in the case of voice services) is known, 

· effective pre-scheduling can be used in the RAN, minimizing delays and signaling overhead.

· Connected state DRX periods can be set to limit battery consumption without affecting transmission delays.

Knowing the behavior of a service allow for an optimization of the delivery of the related flows. In case of standardized QoS profiles, the periodicity of a service can be implicitly known based on the QoS profile value, for example the QoS profile value for voice services can give an indication of the periodicity of the arrivals of the packet bursts. For non standardized QoS profiles the periodicity would be useful to Service characteristics useful for network optimization
Proposal 4: Include of the list of QoS characteristics
· UL/DL Periodicity
· The parameters should be set if the transmission will be periodic.
Priorities
Within RRM, mechanisms such as admission, retention, packet forwarding and queue management cooperate to provide the expected treatment of the packets. The RRM mechanisms should co-work to ensure that QoS targets are fulfilled in the order of importance/priority of flows. A set of priorities may describe the importance of a flow is needed within the network for RRM features: 
· Priority of admitting and pre-empting a flow (Indicated by ARP PL in LTE/EPC)
· Priority of fulfilling the minimum QoS targets of a flow (Indicated through the priority level QCI parameter in LTE/EPC)
· Priority of distributing resources above the minimum QoS targets, i.e. GFBR, PDB, PER, of a flow (Not available in LTE/EPC)
The priority of admitting, pre-empting and fulfilling the minimum QoS targets of a flow may be seen as one and the same priority. It is equally important to get admitted as getting the minimum QoS targets fulfilled. And, at congestion the same priority level may be used to determine what flows that risks failing of getting its minimum QoS targets fulfilled and what flows that may be pre-empted. Therefore, in many cases an alignment of the Admission priority and “packet forwarding” priority should be advised. Such configuration enables a more relaxed pre-emption behavior, since flows of lower priority level may not impact the packet forwarding of higher priority level flows. Flows of lower priority level may be soft-congested, i.e. not scheduled, without pre-empting the flows. When the congestion level is reduced, the QoS targets of the flow of lower priority may be fulfilled again. 
In Figure 3, it is illustrated the value of a co-ordination of the different priorities using the set-up of figure 1 and 2 but now assuming that:
· 7 flows have GBR=200 kbps and medium ARP PL
· One red flow belongs to public safety UE with requirements:
· GBR=500 kbps, High ARP PL
· There is congestion
· not sufficient resources to fulfill all QoS targets. 
As different ARP PL but the same scheduling priority is used for all flows, admission control must be used to ensure that there are resources left for the public safety flow. In figure 3a most flows were therefore blocked at admission, and only three flows are served. 
Note that in order to secure that the public safety flow is satisfied, the system maintains resource margins in admission and congestion and does not admit most of the lower ARP flows. In the example the resource fair scheduling assigns the excess resources to the (light grey) flow that uses least resources and achieve highest bit rate.
If the public safety flow had arrived last, admission control would not have been able to guarantee service performance, and the flow would experience bad quality until non-Public Safety flows have been preempted.

In figure 3b the same priority is used for Admission and Scheduling to fulfill QoS targets. Targets fulfillment can be guaranteed in order of importance, and all but one flow are served with fulfilled QoS.
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Figure 3
a: Using Admission control to ensure fulfilment of QoS for prioritized flow. b: QoS fulfilment of prioritized flow is guaranteed by taking ARP and GBR into account in scheduling

Observation 5:

In the LTE specification, the priority of fulfilling GBR requirements through scheduling is defined by the QCI priority level. Bearers of different ARP will use the same QCI, which makes it impossible to use scheduling to guarantee resources for prioritized bearers. For example, if QCI 2 is used for a public safety bearer, the flow will share resources with all other QCI 2 flows, and all QCI 1 flows will be served first. In order to guarantee resources for the public safety bearer, admission control and pre-emption must be used to keep the load well below capacity.

This problem could be avoided if the  priority level parameter used to define the priority to fulfill service requirements regardless of what RRM algorithm is used and is independent from the standardized 5QI. However, in order to simplify interaction with LTE, it would be good to keep the current parameters for standardized 5QI’s.
Proposal 5
· Include the definition of the QoS parameter ARP PL based on 23.203 and the characteristics parameter Priority Level.

· Recommend an alignment of the ARP PL and  characteristics priority level to achieve a consistency in the admission and fulfillment of the minimum QoS targets. Depending on network implementation, failure to do so, can cause degraded service performance for the misaligned QoS flow, and/or the capacity of the network will be limited. 
Observation 6: In many cases the load is not higher than all minimum QoS targets, i.e. GFBR, PDB, PER, are fulfilled and the excess resources should be distributed. The resource management would need to know in what priority order the excess resources should be distributed between the flows. This is preferably done in a relative priority order, in contrary to the absolute priority order for admission, pre-emption and fulfilling the minimum QoS targets. A relative priority parameter may be used to for example indicate a percentage share of resources to be assigned per flow. This may be applied to both GBR flows and non-GBR flows and is useful for services which are adaptive.
Proposal 6: 
It is proposed to introduce a new QoS characteristics parameter called Relative Priority:
· Used to indicate the relative priority above the minimum QoS targets, and distributing excess resources between flows when the minimum QoS targets are fulfilled for all flows (having minimum targets). 
· Applicable to GBR and non-GBR flows. Flows not having minimum QoS targets will be given resources based on the relative priority
Proposal

Add the following to the TS 23.501.

*************** Start of changes *********************

5.7.3
5G QoS Parameters
5.7.3.1
General
The 5G QoS profile includes the parameters 5QI, ARP, Maximum Flow BitRate (MFBR), Guaranteed Flow BitRate (GFBR) described in this clause.

Each 5G QoS Flow (GBR and Non-GBR) is uniquely identifiable and is associated with the following QoS parameters:

-
5G QoS Indicator (5QI);

-
Allocation and Retention Priority (ARP).

Editor's note:
Description of other parameters such as Notification Control is FFS.

Editor's note:
How the 5G QoS Flow is uniquely identified is FFS.

A 5QI is a scalar that is used as a reference to 5G QoS characteristics, i.e. access node-specific parameters that control QoS forwarding treatment for the 5G QoS Flow (e.g. scheduling weights, admission thresholds, queue management thresholds, link layer protocol configuration, etc.). The 5G QoS characteristics are defined in clause 5.7.5. 5QI can take value from a standardized value range, as defined in clause 5.7.5, or from a non-standardized value range.

The 5QI in the standardized value range have one-to-one mapping to 5G QoS characteristics as captured in Table 5.7.5-1.

For 5QI in the non-standardized value range, the 5G QoS characteristics are signalled over N2, N11 and N7 at the time of QoS establishment.

NOTE 1:
On N3, each PDU (e.g. in the tunnel used for the PDU session) is associated with one 5QI via the marking carried in the encapsulation header. The same applies to the N9 interfaces. For A-type 5G QoS flows only standardised 5QIs from the non-GBR range are used as N3/N9 user plane markings.

Editor's note:
It is FFS whether the ARP is included within the 5G QoS Profile sent to the UE.

Editor's note:
It is FFS how the ARP for QoS Flows with A-type flows is determined.

5.7.3.2 
Bitrate Requirement Parameters
What bitrate requirement parameters are available depends on the resource type (GBR, Non-GBR), given by the 5G QoS characteristics.

For GBR 5G QoS Flows, the 5G QoS profile additionally include the following QoS parameters:

-
Guaranteed Flow Bit Rate (GFBR) - UL and DL;

-
Maximum Bit Rate (MFBR) -- UL and DL.

The GFBR denotes the bit rate that can be expected to be provided by a GBR QoS flow. The MFBR limits the bit rate that can be expected to be provided by a GBR 5G QoS Flow (e.g. excess traffic may get discarded by a rate shaping function).

GFBR and MFBR are signalled on N2, N11, and N7 for each of the GBR 5G QoS Flows for setting up the 5G QoS profile.
For non-GBR 5G QoS Flows, the 5G QoS profile additionally may include the following QoS parameter: 
-
Preferred Flow Bit Rate – UL and DL (PFBR).
The PFBR denotes a bitrate that may be targeted for fulfillment of minimum QoS targets in order to optimize service performance. The PFBR shall not be taken into account for admission control, and in the case of heavy congestion or coverage limitation, it is not required that the PFBR to be fulfilled. If the PFBR of a flow cannot be fulfilled, there is no need to pre-empt the flow, and no other QoS Flow should be pre-empted in order to free resources to fulfill a PFBR requirements.
If PFBR is not defined for a 5G QoS Flow, PFBR can be assumed to be 0.
5.7.3.3
Allocation and Retention Priority characteristics

The QoS parameter ARP contains information about the priority level, the pre-emption capability and the pre-emption vulnerability. The priority level defines the relative importance of a resource request. This allows deciding whether a bearer establishment or modification request can be accepted or needs to be rejected in case of resource limitations (typically used for admission control of GBR traffic). It can also be used to decide which existing bearers to pre-empt during resource limitations.

The range of the ARP priority level is 1 to 15 with 1 as the highest level of priority. The pre-emption capability information defines whether a service data flow can get resources that were already assigned to another service data flow with a lower priority level. The pre-emption vulnerability information defines whether a service data flow can lose the resources assigned to it in order to admit a service data flow with higher priority level. The pre-emption capability and the pre-emption vulnerability can be either set to 'yes' or 'no'.

The ARP priority levels 1-8 should only be assigned to resources for services that are authorized to receive prioritized treatment within an operator domain (i.e. that are authorized by the serving network). The ARP priority levels 9-15 may be assigned to resources that are authorized by the home network and thus applicable when a UE is roaming.

NOTE:
This ensures that future releases may use ARP priority level 1-8 to indicate e.g. emergency and other priority services within an operator domain in a backward compatible manner. This does not prevent the use of ARP priority level 1-8 in roaming situation in case appropriate roaming agreements exist that ensure a compatible use of these priority levels.
5.7.4
5G QoS characteristics
5.7.4.1
General

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

1
Resource Type (GBR  or Non-GBR);

2
Priority level;

3
Relative Priority;

4
Packet Delay Budget;

5
Packet Error Rate;
6 
Window Size;
7
Periodicity – UL and DL.
The 5G QoS characteristics should be understood as guidelines for the node specific parameters for each 5QI e.g. for 3GPP radio access link layer protocol configurations.

The 5G QoS characteristics for standardized 5QI value range are not signalled on any interface. Additional QoS parameters, e.g. GFBR, may be signalled.
5.7.4.2
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 5G QoS Flow are therefore typically authorized "on demand" which requires dynamic policy and charging control. A Non GBR 5G QoS Flow may be pre-authorized through static policy and charging control.
Services using a GBR QoS Flow and sending at a rate smaller than or equal to GFBR can in general assume that congestion related packet drops will not occur, and the PDB requirement should be fulfilled for all packets. However, exceptions (e.g transient link outages, coverage limitations, or extreme congestion caused by high GBR load with higher priority) can always occur in the radio access network or the RAN.

Services using a Non-GBR QoS Flow, and services using a GBR QoS Flow and sending at a rate higher than GFBR, should be prepared to experience congestion related packet drops. The PDB and PER requirements should be fulfilled for the remaining packets. This may for example occur during traffic load peaks or when the UE becomes coverage limited.

5.7.4.3
Priority level

Every QoS Flow is associated with a Priority level. The priority level defines the importance of fulfilling the Bitrate Requirements GFBR and PFBR for different QoS Flows. It is also used to define the importance of fulfilling the PDB and PER for GBR flows sending at a rate smaller than or equal to GFBR. First shall the GBR flow requirements be fulfilled in order of priority and secondly the bit requirements of nonGBR flow be fulfilled: The lowest Priority level value corresponds to the highest Priority.
NOTE:
Aligning Priority level and ARP PL enables a more relaxed pre-emption behavior, since flows of lower priority level may not impact the packet forwarding of higher priority level flows. Flows of lower priority level may be soft-congested, i.e. not scheduled, without pre-empting the flows. When the congestion reduces, the QoS targets of the flow of lower priority may be fulfilled again
5.7.4.4
Relative Priority
The Relative Priority is used to specify the desired relative resource distribution between different flows, after the GFBR and PFBR requirements are met. 

5.7.4.5
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 PCEF. For a certain 5QI the value of the PDB is the same in uplink and downlink. 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).
Editor’s note: In EPS a delay of 10 ms for mission critical flows and 20 ms for other flows should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface. It is for further study how core and transport delay should be taken into account in 5G. 

For the resource types GBR and non-GBR, the PDB shall be interpreted as a maximum delay with a confidence level of 98 percent.

Editor's note: how to measure the fulfilment of the PDB requirements is FFS.
NOTE 1:
The PDB denotes an end-to-end "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 (e.g. by RLC in RAN of a 3GPP access). The discarding (dropping) of packets is expected to be controlled by a queue management function. 
Editor's note: What will be the PDB confidence level e.g. whether 98 percent is enough or a more aggressive confidence level e.g. 99 percent is needed for 5G is FFS.
The PDB may be used in RAN to trigger use of delay optimizing features like pre-scheduling and extra robust channel coding. It may also be used to set thresholds for a queue management function.
For services using a GBR QoS Flow and sending at a rate smaller than or equal to GFBR, the RAN scheduler should use the PDB value to prioritize flows with packets that are close to expire. The priority of these flows should be given by the Priority Level parameter.
5.7.4.6
Packet Error Rate 
The Packet Error Rate (PER) defines an upper bound for the rate of SDUs (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 a certain 5QI the value of the PER is the same in uplink and downlink.
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.
5.7.4.7
Window Size
The Window Size parameter defines the size of the averaging window used for observing the fulfilment of the bitrate targets GFBR and PFBR, as well when observing the compliance to the maximum bitrate MFBR. 
5.7.4.8
Periodicity
The Periodicity parameter is used to inform the RAN if a service will have a periodic transmission pattern. If the parameter is defined, the value will give the periodicity of packet bursts. 

The parameter may be used to facilitate extreme low delays through pre-scheduling, limit battery consumption through optimal DRX settings, and other improvements in network efficiency or service performance.

If packets arrive that do not comply to the periodicity parameter, the packets shall still be delivered.  
Editor’s note: Whether the PDB shall be fulfilled for packets bursts that do not comply to the periodicity parameter is FFS. 

5.7.5
Standardized 5QI to 5G QoS characteristics mapping

The one-to-one mapping of standardized 5QI values to 5G QoS characteristics is captured in table 5.7.5-1.

Table 5.7.5-1: Standardized 5QI to 5G QoS characteristics mapping

	5QI

value
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error

Rate 
	Example Services

	1

	
	
	
	
	

	2

	
GBR
	
	
	
	

	3
	
	
	
	
	

	4

	
	
	
	
	

	5

	
	
	
	
	

	6

	
	
	
	
	

	7
	
	
	
	
	

	8
	
	
	
	
	

	9
	Non-GBR
	
	
	
	

	10
	
	
	
	
	

	11
	
	
	
	
	

	12
	
	
	
	
	

	13
	
	
	
	
	

	


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