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1
Introduction

After the RAN#71 meeting, a new SI was agreed [1], with the main objective of developing a new radio access technology. One of the open issues being considered for the NR RAT technology is its QoS model, for which a number of contributions were submitted during RAN2#94 meeting [2-8]. During the RAN2#94 meeting, the following agreements were made, reflecting an intrinsic principle and a need to differentiate between packets with different requirements and characteristics. 
Agreements

1: The "data radio bearer" (DRB) defines the Over-The-Air packet treatments in the RAN. 

2: A DRB serves a set of packets requiring the same packet forwarding treatment, e.g. reliability, target delay, etc. 

3: A separate DRB is defined for each different packet forwarding treatment required.
After the RAN2#95 meeting, RAN2 progressed further on this topic and have captured the following key FFS points: 

Agreements

1: FFS whether there is a requirement for every different QoS indication to be mapped to a different radio bearer. 

2: FFS whether there is a requirement for GBR flows and non GBR flows to be mapped to different DRBs. 

In this discussion paper we present our further technical views on different mapping options accounting for the latest SA2 interim agreements.
2
QoS model
As already discussed during the RAN2#94 meeting, the NR technology will face use cases when different services will be run in parallel, for which different packet treatment will be enforced. One of the simplest but not limiting examples is VoIP with background data transmission, whereupon background data transmissions can be classified further into e.g. "interactive browsing" or "gaming". Previous radio access technologies such as UMTS and LTE relied heavily upon a concept of a radio bearer, which can be viewed as a logical concept embracing several principles and mechanisms that allow for classifying packets and providing the corresponding treatment. In that sense, NR followed the same principle as proposed in [3-5], which was already captured during the RAN2#94 meeting.
It is worth noting an ongoing SA WG2 discussion that tackles new QoS framework for NR and that aims at better handling of different flows with the same requirements. The premise problem is that nowadays packets with the same or no specific requirements are placed into the radio bearer / queue, which in turn might impact negatively performance of other flows in the same queue. One of the most typical examples is when a TCP connection request (or response) packet is placed to the end of queue thus delaying connection setup time. Another typical issue is message bursts coming from different flows, which are put to the end of queue thus delaying each other instead being fairly scheduled in parallel. To address these issues, SA WG2 has been considering a model in which the core network can detect and classify packets with the same requirements belonging to different "flows". The overall model is however not finalized as there have been several solutions from different proponents. Nevertheless, it bears mentioning several key important agreements that SA2 WG did after the last meeting. For the sake of clarity, we present only some agreements, while the full list of them can be found in TR 23.799 [9].

· 2: U-plane marking for QoS is carried in encapsulation header on NG3 i.e. without any changes to the e2e packet header.
· 3a: A default QoS rule shall and pre-authorised QoS rules may be provided at PDU Session establishment to UE.
· 3b: QoS rules can be (e.g. depending on access capabilities) provided at PDU Session establishment to the RAN using NG2 signalling.
· 10.1: In the downlink the (R)AN binds QoS Flows onto access-specific  resources based on the NG3 marking and the corresponding QoS characteristics provided via NG2 signalling. Packet filters are not used for binding of QoS Flows onto access-specific  resources in (R)AN.
· 10.2: UE binds uplink packets onto access-specific  resources based on information for binding uplink packets onto access-specific  resources provided explicitly by the access network and/or based on QoS rules (explicitly signaled or implicitly derived via reflective QoS).
Even though SA WG2 discussion is not over yet and we do not know the final outcome, it is still possible to consider general principles, some of which are not even dependent on the SA WG2 solution. To present better which aspects of the NR QoS model RAN WG2 can tackle somewhat independent from SA WG2 discussion, we consider several potential scenarios illustrating possible outcome in conjunction with how it can/will be mapped to RAN functional mechanisms. For the sake of clarity, potential options sharing common principles are grouped into several "families". Referring to Figure 1 below, we present three big families of core to RAN mapping solutions, for each of which we also show several sub-options. The green color refers to the notion of "a flow", blue color refers to a radio bearer, and a red color is the core network tunnel e.g. the GTP tunnel. For instance, option 1a (topmost one on the left hand side) is the legacy solution with one to one mapping of the EPS and RAN bearer with no further classification into flows.
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Figure 1: Potential core to RAN mapping solutions 

(families 1,2,3 from left to right, and sub-options a,b,.. from top to down)

Referring to Figure 1, it is worth quickly noting that support for a per-flow QoS model is feasible even with the LTE QoS model, as exemplified in option 1b. The matter is that eNB or the UE can always perform internally classification of packets belonging to the same radio bearer trying to segregate them into different "flows" and to ensure different treatment. Such an approach has its own pros and cons, but since it is up to implementation when and how to deploy it, it is eventually out of scope of standardization. 

Solutions from family 3 shown on the right hand side of Figure 1 follow an approach when each flow is mapped to a separate radio bearer. Regardless of the fact whether the core network puts flows belonging to the same UE/bearer into some tunnel or not, each flow has its own associated RAN radio bearer. In other words, there is one to one mapping between the core network "flow" and the RAN radio bearer. The obvious advantage of this solution is that we can re-use existing and being standardized RAN components, such as PDPC and RLC entities, effectively allocating a separate queue for each flow protecting it from other instances. At the same time, having a separate PDCP/RLC state machine for each flow might create a huge overhead as we can neither know nor predict for how long a particular PDCP/RLC state machine will be needed; not mentioning the fact the establishment of each radio bearer involves non-trivial amount of control signaling.
Solutions, which belong to family 2, try to address the problem of a separate radio bearer per flow by effectively aggregating flows with the same requirements into one radio bearer. For instance, solution 2a assumes that the core follows the legacy QoS model with additional per-flow marking; while solution 2b reflects some SA2 solutions when there is a tunnel from the core to the eNB, but it is not per EPS bearer but rather per the PDU session which is the same concept as the PDN connection of EPC. Nevertheless, the common denominator from the RAN perspective is that the eNB will take incoming packets, account for the per-flow marking assigned by the core network, put packets with the same requirements into the one radio bearer. 
Based on analysis of potential options provided above, it is possible to make several observations, which can be also formulated as guidelines for further more detailed analysis of the QoS model for NR:
· Observation 1: Regardless of the fact whether we can or cannot assume that the NR UE will be capable of supporting more radio bearers, we cannot assume that a UE will support huge/infinite number of them with associated queues and RLC/PDCP state machines.
· Observation 2: Since per-flow packet marking and classification for downlink traffic is up to the core network, there can and will be use cases when the core detects more flows than the number of queues with RLC/PDCP state machines that a UE can support. In other words, there should be a possibility to map several flows into one radio bearer, which in fact what already takes place in the legacy systems.

· Observation 3: At the same time, as there can be flows with strict QoS requirements, there will should be a possibility to map one particular flow to a separate radio bearer. 
Based on the aforementioned observations, it is possible to end up with the following proposals for NR RAN as also expressed during the RAN2#95 meeting in [10-12].
Proposal 1a: The NR QoS model should support one-to-one mapping between a flow and a radio bearer.

Proposal 1b: The NR QoS model should support many-to-one mapping between flows and a radio bearer.
As for the FFS from the previous RAN2 meeting on whether "whether there is a requirement for GBR flows and non GBR flows to be mapped to different DRBs", our general understanding is that it is the network that identifies, tags, and further maps flows into the corresponding DRBs based on the information of the QoS requirements. If the network wants to ensure strictly all the QoS requirements, then it is anticipated that the corresponding flows would be mapped to separate DRBs. However, as the actual decision is anyway made by the network, other options cannot be precluded.
3 Conclusion
In this discussion paper we have presented our general considerations of the NR QoS model as perceived from the RAN WG2 perspective based on input from ongoing SA WG2 discussions. As mentioned in the paper, in the current LTE model we put all packets with same QoS requirements into one radio bearer, without differentiating between the flows, which may cause unfairness between the flows and/or cause unnecessary delays. To overcome this problem we could potentially establish a separate radio bearer for each flow, but this approach is very impractical for background like applications that establish a noticeable number of connections. To achieve a good trade-off between these two extremes, both mapping options should be available.  
Proposal 1a: The NR QoS model should support one-to-one mapping between a flow and a radio bearer.

Proposal 1b: The NR QoS model should support many-to-one mapping between flows and a radio bearer.
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