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Abstract of the contribution:
This contribution introduces a QoS Parameter “Flow Inactivity Time” in Next Gen
Motivation
Radio Tail Energy is an important issue for the UE power consumption. Due to the behaviour of current RRC state machine, the RRC remains RRC connected state until RRC Inactivity Timer expires. This behaviour of the UE consumes the radio tail energy even though the inactivity period is experienced. 
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<Figure. Radio Tail Energy Consumption>
For example, the HTTP Adaptive Streaming starts to retrieve the video chunks in short period of time, and waits for a certain duration until the video player buffer reaches the threshold. After several seconds, the player in the UE requests the video chunk to fill its player buffer. Due to this behaviour, the UE constantly changes its RRC states from idle to active and active to idle. For each period, the UE consumes the power without any transmission during the radio tail period. In this video transmission scenario, shortening the RRC Inactivity Timer doesn’t degrade the UE performance. In addition, due to the enhanced performance of idle-to-active transition time, the wake-up delay doesn’t impact the user experience significantly. In addition to the video transmission scenario, shortening the radio tail can improve UE battery consumption significantly for web browsing traffic and social network service traffic.

However, there are applications which requires an extremely low latency for any time for example, Voice over IP, or Virtual/Augmented Reality applications. For these applications, transition to the idle state may cause significant impact on the user experience.
In order to cope with two contradicting requirements i.e. UE power consumption and low latency requirements, this contribution introduces “flow inactivity time” per each flow in order that the network (AN and/or CN) can properly handle the UE’s state based on this QoS requirement.
Proposed Text
***** Start of Modified Text *****
Solution 2.2: Flow based QoS framework

This is a solution to Key issue 2: QoS framework.

6.2.2.1
Architecture description

The Figure 6.2.2.1-1 represents a flow based QoS non-roaming architecture that is used to describe the proposed QoS framework.
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Figure 6.2.2.1-1: Flow based QoS non-roaming architecture
The Figure 6.2.2.1-2 represents a flow based QoS architecture for roaming, home routed traffic
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Figure 6.2.2.1-2: Flow based QoS architecture for roaming, home routed
The Figure 6.2.2.1-3 represents a flow based QoS architecture for roaming, local breakout
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Figure 6.2.2.1-3: Flow based QoS architecture for roaming, local breakout
NOTE:
These solutions do not assume a specific number of CP and UP functions, for illustrative purposes the CP and UP functions have been grouped.

The QoS policy is stored and set-up at the CP functions in order to be:

-
Enforced at UP functions.

-
Transferred to AN and UE for QoS enforcement.

The following list of parameters is needed at this stage for QoS framework definition:

-
Flow Priority Indicator (FPI): define priority per flow treatment at UP and AN functions. It corresponds to scheduling priority as well as priority handling in case of congestion. The FPI also indicates whether the flow requires guaranteed flow bitrate and/or maximum flow bitrate.
Editor's note:
It is FFS whether packet delay budget and/or packet error rate are implicitly covered by the FPI value or whether they are distinct QoS parameters.
-
Flow Descriptor: packet filters associated with that specific flow treatment. In uplink identification shall be done in the UE and AN but limited to layers 2 (e.g. for Ethernet PDU type) or 3 and 4 (for IP PDU Session type). In its request for uplink resources to RAN the UE specifies the FPI linked to the identified packets it intends to send.
Editor's note:
This solution assumes that the RAN design of the radio interface supports transmission of FPI or class of FPI in request from the UE for uplink resources.
-
Maximum Flow Bitrate (MFB): UL and DL bitrate value applicable for a single flow or aggregation of flows. It indicates maximum bitrate authorized for the data flow identified by a flow descriptor.

-
Guaranteed Flow Bitrate (GFB): UL and DL bitrate value applicable for a single flow or aggregation of flows. It indicates guaranteed bitrate authorized for the data flow.
Application traffic detected by application detection function will be assigned a flow descriptor if deducible. That flow descriptor may be linked to a GFB which will then apply to the deducible flow. Otherwise a default flow descriptor will be assigned to the non-deducible flow and application of a GFB will not be possible on it.
NOTE:
The MFB of a guaranteed flow shall be set larger than or equal to the GFB.
-
Flow Priority Level (FPL): defines the flow relative importance to access to AN resource. In addition, the FPL indicates whether the access to AN non-prioritized resource should be pre-emptable and resources allocated should be protected from pre-emption.

-
Session Bitrate: UL and DL bitrate value applicable for the established user session. It indicates maximum bitrate authorized for user session.
-
Reflective QoS Indication (RQI): DL indication applicable for a single flow or aggregation of flows. When used as U-plane marking it is determined by the UP functions and is applied on per-packet basis for the lifetime of a flow.
Editor's note:
It is FFS whether RQI need to be signaled in-band or whether UE shall apply reflective QoS for all flows that were initiated without explicit C-plane QoS signaling.
Editor's note:
It is FFS whether RQI is needed in the uplink to allow the UE to indicate to the network to apply the same QoS for corresponding downlink flows.
Editor's note:
It is FFS how the UP functions determines the lifetime of the flow and whether the FPI can change during the lifetime of a flow.

Editor's note:
It is FFS whether UE bitrate value should be defined.
· Flow Inactivity Time (FIT): defines maximum time in seconds during which Next Gen System decides the flow doesn’t have any activity. This value should be used by AN to decide the state transition for efficient resource management. For example, the AN uses this value for setting the RRC Inactivity Timer for the given UE.
Two types of user plane per-packet marking information are introduced:
-
Packet Priority Indicator (PPI): define scheduling priority per packet at UP and AN functions. Different PPIs are marked to the packets in the same flow by the NextGen UP functions and UE to identify the different scheduling priority for the packets e.g. with different content type. 
Editor's note:
It is assumed that either PPI or FPI is used as a user plan per-packet marking. 
Editor's note:
How the UE supports different PPIs marking for the UL packets requiring different scheduling priority (e.g. with different content type) in the same flow is FFS.
-
Packet Discard Priority Indicator (PDPI): defines the discard priority per packet in the NextGen system in case of congestion e.g. for differentiating content within the same flow. The PDPI marking in the downlink is set by the UP functions and is used by the AN.

Editor's note:
Whether PDPI is used in the uplink and how is FFS.
Editor's note: 
The DL PPI and PDPI marking need per-packet inspection in the NextGen UP functions. How the NextGen UP functions decide the marking is FFS.
Editor's note: 
It is FFS whether a single parameter or multiple parameters carry the PPI and PDPI information. 
QoS parameters are applicable at least in the following functions as summarized in the table below:

Table 6.2.2.1-1: QoS parameters

	QoS parameters
	UP functions
	AN
	UE

	Flow Priority Indicator (FPI)
	*
	*
	*

	Flow Priority Level (FPL)
	
	*
	

	Packet Priority Indicator (PPI)
	*
	*
	*

	Packet Discard Priority Indicator (PDPI)
	*
	*
	*

	Flow Descriptor
	DL
	*
	*
	

	
	UL
	
	*
	*

	Maximum Flow Bitrate (MFB)
	DL
	*
	
	

	
	UL
	
	*
	

	Guarantee Flow Bitrate (GFB)
	DL
	
	*
	

	
	UL
	
	*
	*(1)

	Session Bitrate 
	DL
	*
	
	

	
	UL
	
	*
	

	Reflective QoS Indication (RQI)
	DL
	*
	*
	*

	Flow Inactivity Time
	
	*
	*


Editor's note:
It is FFS whether GFB is applicable in UP functions.

NOTE:
Support of GFB in the UE depends on the QoS design of the radio interface.

The following reference points are assumed for the purpose of describing the QoS framework:

NG1:
Reference point between the UE and the CP functions. 

NG2:
Reference point between the AN and CP functions. 

NG3:
Reference point between the AN and UP functions.

NG4: 
Reference point between the CP functions and UP functions.
NG5:
Reference point between the CP functions and an Application Function (AF).
NG6:
Reference point between the UP functions and a Data Network (DN).
NG8:
Reference point between the V-CP and H-CP functions (roaming scenarios).
NG9:
Reference point between the V-UP and H-UP functions (roaming scenarios).
All the parameters in the table above may be provided using C-plane signalling over NG4, NG2, NG1 or even at access stratum, depending on the RAN design for the radio interface.
FPI and RQI are used on NG3 and on the radio interface on per-packet basis for the lifetime of a flow:
-
Upon uplink data reception the RAN performs verification whether the FPI corresponds to the set of pre-authorised FPIs and replicates it on the NG3 interface (e.g. in the NG3 encapsulation header, and/or as transport-layer marking). The uplink FPI is used further upstream by the UP functions to perform validation e.g. whether the FPI used by the UE corresponds to the (pre-)authorised QoS policies.

-
Upon downlink data reception the RAN uses the downlink FPI to determine the QoS treatment on the radio. It may also replicate the received downlink FPI and/or downlink RQI on the radio interface. Upon downlink data reception UE uses the downlink RQI to determine whether it shall apply reflective QoS on the corresponding (as determined by the UE) UL flows. The UE may use the downlink FPI to determine QoS for the corresponding uplink traffic in case of reflective QoS.
C-plane signalling over the radio interface should be used only when the information provided using U-plane markings (i.e. FPI and RQI) is not sufficient.
Editor's note:
This solution assumes that the RAN design of the radio interface supports U-plane markings (e.g. FPI and/or RQI) on per-packet basis in both uplink and downlink.

Editor's note:
This solution assumes that the RAN design of the radio interface supports in-band initiation of “radio bearers” (similar to the existing support on PC5 or GERAN) i.e. without any C-plane signaling between the UE and the network.

Editor's note:
This solution assumes that the RAN design of the radio interface is able to map the uplink FPI to corresponding radio resource control.
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