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1 Introduction
In RAN2#95, several issues related to QoS were discussed and the following agreements were reached.

Agreements
1	For DL for a non-GBR flow, the eNB sees an indication over NG-u and based on the indication the eNB maps the packet to a DRB of an appropriate QoS. 
RAN2 understanding of SA2 agreements is that eNB has a QoS profile associated with the indication.
FFS whether there is a requirement for every different QoS indication to be mapped to a different radio bearer.
2	Functionality is required to differentiate flows from different PDN-connections over the radio interface (e.g. by using separate DRBs or by an explicit indication in a header)
3	For DL, the eNB establishes DRBs for the UE taking the QoS profiles in to account.
FFS how the DRB is established in the first packet is an UL packet.
FFS whether there is a requirement for GBR flows and non-GBR flows to be mapped to different DRBs.

In this document, we discuss how RAN may provide QoS for NR and address some of those topics above that were marked as FFS. 
2 Discussion
The concept of data radio bearers (DRBs) has been used in LTE and UMTS to successfully provide differentiated service for many years. This connection oriented model has stood the test of time and has been agreed be used as a baseline for NR UP.

In RAN2#94, it was agreed that the concept of DRB is used to define the over-the-air treatment rendered to packets, and that a separate DRB is defined for each different “packet forwarding treatment required”. SA2 [1] has agreed that U-plane marking for QoS will be carried in encapsulation header on NG3, and that “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”. Since RAN provides QoS differentiation at the level of DRBs, it makes sense to group data flows with similar QoS profiles to the same DRB.

Proposal 1: Data flows with similar QoS requirements are mapped to the same DRB.

In RAN2 #95, it was agreed to differentiate flows from different PDN-connections over the radio interface. A straight-forward approach that would be consistent with the LTE approach would be to map such flows to different DRBs. We can think of several advantages for such an approach. First, it is likely that data flows belonging to different PDNs/PDU sessions/network slices will have different QoS requirements and will need to be mapped to different DRBs. Second, for tight interworking with LTE, it seems desirable to separate DRBs associated with different PDNs to minimize impact to (evolved) LTE protocol stack. 

Proposal 2: Data from different PDN connections should be assigned to different DRBs

However, there are some challenges in translating the DRB concept from LTE to NR. While SA2 has agreed that U-plane marking for QoS will be carried in encapsulation header on NG3, the details of how many different QoS levels will be supported has not been agreed yet; it seems likely that NR will support at least as many QoS levels as LTE does. Moreover, since QoS is provided at the granularity of a data flow rather than an (EPS) bearer, UEs may need to support much higher number of flows with different QoS requirements than in the case of LTE. 

Observation 1: NR will likely require the UE to simultaneously support higher number of data flows with different QoS requirements.

Based on Observation 1, we note that providing a one-to-one mapping between data flows and DRBs can result in the UE needing to support a large number of simultaneous DRBs. Managing a large number of DRBs per UE is problematic for a number of reasons. Control plane (RRC) signalling is used to add, delete, and modify DRBs and supporting many simultaneous DRBs may result in excessive RRC signalling. Many data flows in NR are likely to be short lived, further exacerbating the problem of frequent establishment and tear-down of DRBs. The number of DRBs to be supported also impacts protocol design and operation at the MAC layer (e.g., BSR and LCP). For these reasons, LTE supports only a small number of simultaneous DRBs (8). 

Observation 2: A one-to-one mapping between data flows and DRBs seems impractical.

The logical consequence of being able to support a larger number of QoS flows than LTE, but also not having to support more number of DRBs is that some data flows with different QoS requirements will have to be mapped to the same DRB. 

Observation 3: In order to limit the number of simultaneous DRBs that a UE can support, it becomes necessary to map flows with different QoS requirements into the same DRB.

We think that such differentiation needs to be provided at the highest layer of the UP protocol stack (e.g., PDCP). Accordingly, we propose that a new field be used to enable sub-bearer QoS differentiation.
Proposal 3: A new field be introduced in the highest layer of NR UP to identify sub-bearer QoS class
Our objective in proposing the use of sub-bearer QoS class tagging is to reduce the burden on control plane signalling and instead rely on user plane enhancements. However the details of how such tagging impacts user plane procedures (e.g., use of PDCP SN space, LCP, and BSR) warrants further study.
Proposal 4: RAN2 to further study the impact of introducing sub-bearer QoS differentiation on PDCP SN space, LCP, and BSR. 
3 Conclusions
In this contribution, we discuss some issues related to provisioning QoS in NR UP. Our observations and proposals are summarized below.
Proposal 1: Data flows with similar QoS requirements are mapped to the same DRB.

Proposal 2: Data from different PDN connections should be assigned to different DRBs

Observation 1: NR will likely require the UE to simultaneously support higher number of data flows with different QoS requirements.

Observation 2: A one-to-one mapping between data flows and DRBs seems impractical.

Observation 3: In order to limit the number of simultaneous DRBs that a UE can support, it becomes necessary to map flows with different QoS requirements into the same DRB.

Proposal 3: A new field be introduced in the highest layer of NR UP to identify sub-bearer QoS class
Proposal 4: RAN2 to further study the impact of introducing sub-bearer QoS differentiation on PDCP SN space, LCP, and BSR. 
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