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Introduction
LTE uses bearers to provide for QoS for different traffic types and also to differentiate data to different APNs.  

QoS support is an important requirement that is supported in all 3GPP RATs.   Different solutions were adopted for the different RATs as traffic patterns changed from CS services to a combination of services delivered over the packet network while at the same time, the radio interface moved from dedicated channels to shared resources.
LTE adopted and extended the concept of bearers from the previous RATs to support QoS.  A bearer is associated with one of the 9 standardised QCIs to support various types of traffic.  While most of these were catering for some specific application requirement such as GBR for Voice and Video, IMS signalling, the bulk of the traffic goes over the “best effort” bearer.
NR gives an opportunity to re-discuss the use of bearers and topic of QoS.  SA2 has opened a key issue on QoS framework and the Flow based QoS framework is captured as a potential solution [ref: SA2 TR23.799 key issue 2].  The document discusses some RAN aspects for flow based QoS.  
Discussion

Bearers and QoS in LTE RAN

LTE uses bearers to differentiate data to different PDNs and to provide for QoS for different traffic types.   
A bearer runs between the P-GW and UE and is identified over different interfaces using different ids; there is a one to one mapping between these ids that is maintained by the relevant nodes.  This allows the UL data from the UE for different PDNs to be sent to the right P-GW.  In the downlink in the UE, it may be used in the UE to deliver the packet to the right IP layer.  
Use of bearers to provide QoS is mainly relevant for the radio interface.   Each bearer is associated with a QCI that gives the scheduling priority, expected delay and packet error rate.  The eNB uses amongst others, the QCI for the bearer along with the duration the packet was in the eNB buffer to decide which DL packet for which UE to schedule at any given time.  For the UL, the eNB receives the buffer status reports from the different UEs about the data in their buffers to decide which UE to schedule.   The transmission grant received from the eNB is used by the UE taking into account the radio bearer priority along with the PBR of the radio bearer (a concept introduced to avoid starvation of the lower priority radio bearer).
Other QoS parameters are also used in LTE.  ARP gives the pre-emption priority for a bearer during periods of congestion when a bearer may need to be pre-empted to support a higher priority bearer.  
UE-AMBR is also enforced by the eNB for a UE.  APN-AMBR is today enforced by the P-GW only and is not visible to the eNB.
As discussed above, while specific traffic types may use its own QCI, the bulk of the traffic is carried over the “best effort” QCI9 bearer.   
Supporting PDNs without bearers:

As mentioned above, in LTE, bearers are used to differentiate data to/from different APNs over the radio.  It is possible to achieve this without having bearer as of today.   Downlink packets belonging to different PDN connections are identified in the UE via the Destination IP address/prefix and routed internally accordingly. Similarly, uplink packets belonging to different PDN connections can be identified in the eNB via the Source IP address/prefix and routed on the appropriate NG4 (NOTE: All reference point names in this paper refer to the architecture depicted in Figure 1 (taken from TR 23.799. These are not official names and are used only for descriptive purposes in this contribution) fat pipe for that PDN connection.

Flow based QoS framework

Setting up a bearer involves fair amount of signalling between the different nodes.  Further, as discussed during UPCON (User Plane Congestion) study, further differentiation of traffic and associated QoS within a QCI9 bearer is useful. For instance, as part of the UPCON study it has been proposed to use a Flow Priority Indicator (FPI) on per-packet basis to discriminate several priority levels on S5 and S1-U within the same EPE bearer. Further splitting the QCI9 bearer traffic into new bearer types will be complex and signalling intensive.

Another option is to consider flow based QoS.  In this approach, upon establishment of a PDN connection a single “fat pipe” is established on the user plane path between the RAN and the UP-GW hosting the NG6 reference point i.e. over NG4 and NG8 (see Figure 1). The NG4 and NG8 fat pipes are implemented with some sort of tunnelling and carry all traffic associated with the PDN connection in a single tunnel, regardless of the QoS of individual traffic flows. 
QoS handling is then done within the fat pipe at a flow level.   The per-flow QoS could contain information similar to that sent over Gx interface today i.e. a flow descriptor (e.g. IP 5-tuple) and per-flow QoS information (e.g. QCI/FPI, GBR, MBR, ARP).  Alternatively or additionally, the QoS information could include media/application information for QoS control (e.g. application identifier, media type, bandwidth, application priority).
The per flow QoS information would be provided to the RAN. For the purpose of UL QoS, the same or similar information could be provided to the UE or could be internal to the UE based on application requirements. Further details are FFS. Some of them are out of RAN scope and within SA2 domain.

Figure 1 shows is the proposed flow based QoS framework.
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Figure 1: Flow based QoS framework
With per flow QoS used within the network, it would still be possible to use the existing LTE approach of semi-statically configured radio bearers over the radio interface. 

 In the DL, much of flow based QoS handling can be done in eNB without UE involvement as part of scheduler implementation. Similar flow based prioritisation can be done at the UE for the UL with UE prioritising sending data packets from a higher priority flow on receipt of an UL grant, also taking into account any GBR associated with the flow.  

One point that could merit special handling is the issue caused by re-sequencing with RLC-AM.  Use of a single fat pipe “bearer” over the radio on a shared channel introduces some challenges.  Packets from the different flows are queued in the tx buffer.  Packets for a higher priority flow needs to be sent and delivered before other packets that are being currently sent for lower priority flows.  However, if a packet on an ongoing lower priority flow is delayed for re-transmission in the RLC, the higher priority packet cannot be delivered in the receiver side earlier due to the RLC re-sequencing functionality.  
This can be overcome by dynamically creating “logical channels” over the radio as is done for D2D.  Thus when a packet of higher priority needs to be delivered, it sent over a new dynamically created logical channel.  These packets are then not delayed due to packets that are in the buffer or being re-transmitted on lower priority flows.
The use of flow-based QoS is not new in 3GPP, as it is used over PC5 in the form of ProSe Per Packet Priority (PPP). During Rel-13 discussion on support QoS for Public Safety communication, some drawbacks of bearer-based QoS were clearly identified. Consider for instance the use case where the priority of an ongoing MCPTT communication needs to be raised (e.g. due to a group member pressing the “Imminent Peril” button). With bearer-based QoS this would imply a setup of a new EPS bearer towards every group member to support the new QoS level. In contrast, with a flow-based approach the transmitter simply needs to pick up a different priority for the ongoing communication and the eNB wouldn’t have to establish a new RB in order to deliver the higher priority packets to the UE, but would simply use a higher priority handling for the ongoing flow.

Summary and proposal
The document discussed the use of bearers in LTE and its limitations.  It proposes ways to avoid use of bearers and use of flow based handling for QoS.  This could potentially co-exist with RBs as of today if they are also found necessary.  .  
Use of such a flow based mechanism for QoS can provide for finer granularity of QoS handling at a flow level without increasing the volume of signalling and that scales better.  It also reduces the level of interaction between the CP and UP functions.  
Proposal: It is proposed to consider flow based QoS handling for NR.  
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