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1	Introduction
The QoS model for 5G as agreed so far in SA2 outlines a QoS flow based architecture [1], with e2e QoS enforcement responsibilities split between the CN and the RAN. 
The CN responsibilities:
-	Classify packets into QoS flows, defining the granularity of the QoS differentiation;
-	Mark the packets (on N3) with the QFI to convey the QoS flow indication to the RAN;
-	For A-type QoS flows, the QoS parameters are sent to RAN via N2 during PDU Session establishment (or when the U-plane of the PDU is activated), with no additional signalling needed (the QoS profiles are pre-provisioned or standardized thus no N2 signalling is needed);
-	For B-type QoS flows, the QoS profile (5G QoS characteristics by 5QI or individually by QoS parameters) are sent to the RAN via N2, N7, N11 signalling; such QoS flows can be added or removed dynamically via signalling during the lifetime of the PDU Session.
The RAN responsibilities:
-	Interpret the N3 QFI marking of the U-plane packets to classify packets into QoS flows;
-	Map the corresponding QoS profile to RAN resource management and packet treatment actions;
-	It is up to the RAN to establish the RAN resources (e.g., DRBs) and map QoS flows to RAN resources.
According to the above agreed role split, the RAN already has room for independence in implementing the QoS flow treatment defined by the CN via QoS profiles and QFI.
Currently, the 5G QoS parameters [1] describe packet level forwarding treatment by means of the following performance characteristics:
-	Resource Type (GBR/Non-GBR);
-	Priority level;
-	Packet Delay Budget;
-	Packet Error Rate.
Additionally, each QoS flow may be associated with the following QoS parameters:
-	ARP;
-	Notification control;
-	Guaranteed Flow Bit Rate (UL/DL);
-	Maximum Bit Rate (UL/DL).
Finally, the following PDU Session and UE aggregation level parameters were defined:
-	each PDU Session may be associated with a Session-AMBR;
-	each UE is associated with a UE-AMBR.
2	Discussion
The QoS parameters outlined in the previous section define QoS flow level forwarding treatments that may be grouped into the following impact categories:
1.	Individual packet level parameters (such as packet delay budget, packet error rate). These targets can be enforced in a per-packet basis without considering the inter-dependencies or coupling between multiple packets, e.g., what would it take to delay or discard a specific packet from higher protocol layer point of view (would it introduce retransmission, rate adaptation, etc.), or what would be the impact on the end user perceived service quality (would it risk delaying the start of video playback or introduce buffering in an ongoing video session).
2.	QoS flow level or higher (PDU, UE) level aggregate data rates (GBR/MBR, AMBR). These targets can be enforced on individual QoS flow or PDU Sessions, without the need to consider the inter-dependencies or coupling between QoS flows sharing the same resources.
Not considering the inter-dependency or coupling between packets or sessions limits the QoS goals to be efficiently achieved to the above “silos”, i.e., per-packet level metrics, or per-QoS flow/PDU Sessions/UE level rates. However, enforcing these targets may not be sufficient to deliver the right level of end user perceived quality (or “quality of experience”) for end users. This shortcoming is due to factors including the followings:
1.	The fulfilment of the above packet and QoS flow/PDU Session/UE level parameters/targets does not guarantee that the end user’s perception of the given service quality is acceptable.
2.	Even if fulfilling the above targets would guarantee good end user perceived quality, the dynamicity of the end user application’s demand and thus their packet/flow level requirements would need to change rapidly from session to session and in time, mandating frequent (second or sub-second level) updating of the QoS parameters (which is not optimal from N2 signalling point of view). 
3.	The inter-dependency or coupling of simultaneous traffic flows causes that treatment applied to one flow has also effect on the performance of other flows, which share fully or partly the same resources (e.g., same RAN buffer, aggregation link, etc.). This effect cannot be efficiently captured by CN defined QoS rules as the CN lacks the visibility into the real time RAN resource context that defines these inter-dependencies (e.g., to know which flows need to be optimized together).
4.	Defining upper rate limits (e.g., AMBR) is a policing rule and it does not mean that the flows ever achieve this rate; on the other hand, the flows may fall short of resources (e.g., because other flows are taking it) but this would not be “visible” or trigger counter-actions as the achieved rate would fall well within the policing limits. 
Observation 1: The current set of QoS parameters do not allow to explicitly signal to the RAN the importance of the end user perceived quality or parameters that directly map to end user perceived quality.
Proposal 1: To compensate for the above effects, QoS rules/parameters should enable to capture goals/targets not only on packet level or QoS flow/PDU Session/UE bit rate limit level but also on end user perceived quality level.
The means to extend the existing QoS model to incorporate end user perceived quality level targets (according to proposal 1) could be approached in the following ways:
1.	Add a new Boolean parameter “End User Perceived Quality Optimization” (or EUPQO for short) on QoS flow level that indicates to the RAN that it should optimize the end user perceived quality of this QoS flow in addition to also fulfilling the targets of all other (e.g., packet level) QoS parameters already agreed upon in SA2. The CN does not specify the means of optimizing the end user perceived quality, i.e., it is left for the RAN implementation.
2.	Add additional parameters that directly map to end user perceived quality which, if fulfilled, guarantee a strong positive impact on or high satisfaction for the end user perceived quality. Examples for the parameters and values as well as the effect on the RAN behaviour are given in Table  
Table 1: QoS flow level QoS parameters for end user perceived quality optimization: EXAMPLES
	Parameter
	Value
	RAN interpretation

	End User Perceived Quality Optimization
	Boolean (true/false)
	True value represents that the RAN may autonomously take actions to optimize the end user perceived quality of the traffic carried in the QoS flow.

	Web Page Download Time
	Integer (1-60)
	The value represents (in seconds) the desired time budget in which a web page should be delivered to the end user. The RAN may autonomously identify the IP flows within the QoS flow to which this end user perceived quality optimization target applies. Alternatively, the CN may indicate that all flows within the QoS flow are subject to this end user perceived quality optimization parameter and thus the RAN may apply the optimization according to the target to all IP flows therein. Such CN indication is FFS (but could be implemented by another Boolean parameter).

	Multimedia Pre-Buffering Time
	Integer (10-10000)
	The value represents (in milliseconds) the desired time budget (counted from the beginning of the download) in which a buffered multimedia content should trigger playback status. 

	Good Multimedia Experience Maximum Bit Rate
	Integer (10-100000)
	The value represents (in kilobits/second) a per multimedia session bit rate limit within which the RAN is entitled to dynamically manage the RAN resource allocation for multimedia flows within the QoS flow to make sure that the end user perceived multimedia experience is good (e.g., low pre-buffering time, no stalling). The RAN should also conform to other bit rate limits (QoS flow or higher aggregate level) defined by other QoS parameters applying to this QoS flow. 

	…
	…
	…



[bookmark: _GoBack]NOTE:	The RAN may autonomously decide on RAN resource management actions (e.g., DRB mapping, DRB parameterization, IP flow optimization, etc.) to manipulate the service of all QoS flows having the (1) EUPQO QoS parameter set and/or having one of the (2) novel parameters set. The RAN may optimize such flows considering their inter-dependencies and coupling of these QoS flows as one set to leverage multiplexing and resource re-distribution opportunities. For both (1) and (2), the RAN is still obliged to fulfil the individual QoS flow level QoS parameters, i.e., to operate within the limits of QoS parameters and their defined values (as already agreed in SA2). (1) and (2) should be specified as OPTIONAL ones, i.e., to indicate only the possibility of optimization
3	Summary
Observation 1: The current set of QoS parameters do not allow to explicitly signal to the RAN the importance of the end user perceived quality or parameters that directly map to end user perceived quality.
Proposal 1: In order to compensate for the above effects, QoS parameters should enable to capture targets not only on packet level or QoS flow/PDU Session/UE level bit rate limit level but also on end user perceived quality level.
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