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1 Introduction
During RAN#71, a study item (SI) [1] on New Radio (NR) Access Technology was approved. One objective of the SI is to aim at a single technical framework that supports all identified usage scenarios, requirements and deployment scenarios including enhance Mobile BroadBand (eMBB), massive Machine-Type Communications (mMTC) and Ultra-Reliable and Low Latency Communications (URLLC). The SID further mentions that NR should support efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum. 

In LTE, the QoS framework is based on a one-to-one association of an EPS bearer with a radio bearer in the RAN. For the NextGen Core (NGC), SA2 has agreed to a per-flow QoS concept for UP traffic. From the perspective of the NGC, a per-flow QoS framework is beneficial to overcome the disadvantages of static EPS bearer management. From the NR radio access perspective, the motivation and the impacts to the design of the RAN protocols of using a per flow QoS framework in RAN needs to be further discussed.
During RAN2#94 [3], it was agreed that a data radio bearer (DRB) model will be used to define “over-the-air packet treatment in the RAN”. It was further agreed that a DRB will serve “a set of packets requiring the same packet forwarding treatment, e.g. reliability, target delay, etc.” and that a separate DRB will be defined “for each different packet forwarding treatment”.

During RAN1#84bis [4], it was agreed to support multiple values of subcarrier spacing (e.g. numerologies) for NR. It was also agreed that multiple (but not necessarily all) OFDM numerologies can apply to the same frequency range. Different numerologies imply different transmission intervals.
RAN1#85 [6] further agreed that the “Specification supports multiplexing numerologies in TDM and/or FDM within/across a subframe duration(s) from a UE perspective”. Contribution R2-165055 [5] further discussed motivations for same UE support for multiple numerologies, simultaneously.
This contribution discusses radio bearer modelling, flow-based QoS treatment and multiplexing for standalone NR.
2 Flow-based QoS Approach for NR 
The QoS framework currently being discussed in SA2 aims to provide sufficient flexibility and processing granularity for operators to support a wide range of use cases using the NextGen Core network architecture. SA2 is currently considering a per-flow QoS concept using the principles shown in figure 1 below.

The flow based mechanism would rely on some control function in the core network (CP, similar to LTE MME) to setup QoS policies for each flow based on operator requirements. Such QoS policy would include a list of one or more applicable per-flow QoS parameter(s). Such per-flow QoS policy would then be provided to the Access Network (AN) by that control function possibly following a QoS request (e.g. including packet filters, flow bitrate, etc.) by an Application Function (AF). The AF is an element offering a QoS setup service for packet flows that requires a specific QoS treatment. The applicable QoS policy would be conveyed to the UE by the AN during a configuration procedure.
SA2 is discussing the per-flow mechanism that that uses packet marking and that would enable identification a flow based on the definition of packet filters or traffic flow templates. SA2 is also discussing a number of other per-flow QoS parameters including such as flow prioritization (e.g. flow priority level and indicators), applicable bit rates (e.g. maximum, required or guaranteed bit rates, etc.) and delay characteristics (packet delay budget, maximum jitter, etc.).

In other words, it can be expected that per-packet QoS granularity can be supported by the NextGen Core. 
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Figure 1: QoS Policy Setup Procedure

3 Radio Bearers and Over-the-Air Packet Treatment for NR 

For NR, one aspect of the discussion related to the radio bearers is to define the principles of the procedure to associate data to a specific transmission (i.e. logical channel prioritization and multiplexing). Another aspect is to define a model enabling its control such that QoS levels targeted by NR can be fulfilled over the radio access.

Agreements so far corresponds to the bearer modelling used in LTE. It should be further discussed whether or not this modelling is sufficient for the NR Radio Bearer (hereafter NRB) or if something beyond may be needed, and why.

Characteristics of the packet forwarding treatment for NR should be further discussed from the following perspectives:

· Support for Core Network QoS framework i.e. the impact of the QoS framework for NextGen Core;

There is a clear dependency on SA2 work. In particular, the impact to (and forward-looking aspects of) the NRB modelling in light of the per-flow QoS principles discussed by SA2 should be considered.

Proposal 1: The radio bearer modelling for NR should be flexible enough to enable as much alignment as possible with the QoS framework for the NextGen Core.
· Characteristics of the NR physical layer i.e. the impact of the definition of the physical layer at least in terms of supported numerology(y/ies), supported TTI duration(s), transmission reliability, radio link monitoring for NR;

There is a clear dependency on RAN1 work. As described above RAN1 has agreed to support different numerologies (including different transmission interval durations) on the same carrier. RAN1#85 [6] further agreed to specify support for transmissions using different numerologies for a given UE.
In particular, RAN2 will need to consider the impact to (and forward-looking aspects of) the NRB modelling in light of a physical layer that would support a wider differentiation in terms of physical layer “QoS” service to the NR-MAC. More specifically, mapping and multiplexing of data with specific QoS should properly match with specific transmission characteristics (e.g. short TTIs vs 1ms TTIs, transmission latency and reliability, etc.). 
In other words, the impact of supporting multiple numerologies from the UE’s perspective is that all grants would no longer be equal from the perspective of the applicability to different services of the UE’s configuration - contrary to LTE where MAC treat all grants equally.
Such characteristics may indeed go beyond LTE’s best-effort approach which is mainly based on link adaptation, in particular when flows associated to significantly different QoS policies can be multiplexed for a given UE.

It can thus be expected that contrary to LTE’s logical prioritization principles, MAC may not treat all grants and/or all physical layer resources “equally”. This leads to the following somewhat obvious proposal:
Proposal 2: The radio bearer modelling for NR should be flexible enough to support features of its physical layer including transmissions using different numerologies and a proper association with the different configured packet forwarding treatments.
4 QoS framework for NR
The QoS framework for RAN should address the following aspects with respect to the handling of bearers for NR:

1) The impact of the support for different numerologies concurrently for a given UE – section 4.1;

2) The granularity at which the QoS can be applied in RAN – section 4.2;

3) Further aspects of the NRB and packet forwarding treatment in RAN2 specifications – section 4.3;

4.1 The Impact of the Support for Different Numerologies
For LTE, a DRB is associated with a configuration of a number of layer 2 parameters for PDCP functions, RLC functions (e.g. UM/AM/TM and associated parameters), and for MAC DRB related parameters (e.g. prioritization and PBR used for LCP). Other MAC parameters and PHY parameters/procedures are configured for other aspects of the UE independently of the DRB configuration. Grants and transmission-related parameters, radio link monitoring, control channels, HARQ processes and HARQ timing are all common for all DRBs served using resources of a given cell.  

For NR, support for a wider range of use cases and requirements will require different physical layer transport mechanisms tailored to different flows for services instantiated for a given UE. Multiple such services may be concurrently active for a given UE at a given time e.g. best-effort traffic, real-time traffic, sidelink traffic and traffic requiring ultra-low latency and ultra-reliable transmissions. Additional improvements such as applying a different treatment to specific subset of packets for a given flow e.g. during the TCP slow start phase may be further envisioned. 

From a protocol point of view, data from different service/flows may thus require different treatment over the NR Uu.
More specifically, the following additional physical layer characteristics expected for NR as a possible consequence of same UE support of different numerologies could be considered when discussing multiplexing of data on the available transport blocks. This would ensure to proper QoS support for different services in terms of latency, reliability, bit rate:

· TTI duration – Possibly, a UE could be configured with schedulable and/or available resources associated to different TTI durations whereby each duration may be applicable to different subset of active flows for the UE;
· HARQ processing/timeline – Similarly as for TTI duration, different services may require different HARQ processing and may be characterized by different HARQ timelines, RTT and operating points;
· Scheduling, DL control channel and grants – Given possible transmissions using different framing/numerology possibly being concurrently configured with schedulable and/or available resources for a given UE, different control channels may be defined accordingly. For example, UEs transmitting/receiving flows with varying QoS requirements may need to monitor different DL control channels whereby each channel may be applicable to different subset of active flows for the concerned UE;
· Data channels for UL or DL – Similarly as for control channels, different data channel processing, coding, frame structure may be defined to meet different QoS requirement such that each channel may be applicable to different subset of active flows for the concerned UE;
· Link monitoring and recovery – A UE configured with flows that require low-latency and ultra-reliable services may be associated with a monitoring configuration that prioritizes fast radio link failure detection;
· Radio Access Resources – A UE could be configured such that different radio access resources may be more suitable for some types of data traffic than others. For example, this may include specific resources in time/frequency, different transmission methods (beamformed or not), different physical uplink resources for control information or different reference signals.

Proposal 3: The radio bearer modelling for NR should support means to perform mapping of MAC SDUs to specific transmissions characteristics e.g. at least based on the numerology associated with the transmission. 
4.2 Applying QoS
The granularity to which different treatment may be applied to different packets is mainly a function of how a packet and a bearer can be associated, combined with the supported range of bearer identities.
In that respect, having means to group multiple flows using the same bearer can keep the overhead of the layer 2 protocols and protocol instances to a minimum. However, means to differentiate MAC SDUs on a per flow/packet basis should be supported in the layer 2 stack. In other words, per flow QoS policies inherited from the NextGen Core should propagate down through the layer 2 stack such that they can at least be applied on a per-flow basis.

Proposal 4: The radio bearer modelling for NR should support configuration of per-flow QoS policies.
In other words, a single NRB could be used for different IP flows thus sharing the same layer processing steps and some configuration aspects related to PDCP, RLC and MAC but where each flow could be associated to one or more QoS policy that could be enforced per data unit (e.g. per IP packet). This approach remains aligned with agreements so far.
For example, the MAC layer could be configured with a NRB associated with a list of one or more policies. Such policies could include packet filters (or traffic template) each associated to one set of configuration value(s) applicable to the MAC SDU. In the uplink, the UE MAC layer could then use the associated policies to determine what grant and/or type of transmission is applicable to the data unit.
4.3 Further Aspects of NRB and Packet Forwarding Treatment
Given the above, the NR radio bearer concept should enable different flows to be handled by the same layer 2 entities (e.g. PDCP, RLC, MAC) with a common configuration for such as security, header compression, in-order delivery, segmentation and retransmissions etc. while enabling a finer QoS granularity in the physical layer treatment including HARQ processing, timelines and transmissions.
A first impact is to define per-flow matching rules and determine what physical layer aspects would be used as a basis for mapping of e.g. L2 MAC PDUs to a given transmission in the uplink. 
A second impact will be support in RRC for such configuration.

A UE would receive a configuration for a bearer instance with common PDCP/RLC/MAC aspects and a unique NRB identity. The UE would then receive a configuration for each flow that includes the applicable NRB identity (for L2 PDCP/RLC processing) as well as a QoS profile (for L1 processing) for each applicable flow that would not use a default treatment. From this point different approaches may be used.

Essentially, the configured QoS profile and packet filter/TFT would determine whether flow-level matching or packet-level matching of IP packets to specific transmission characteristics would be used to route a specific packet to a specific packet forwarding treatment. Each packet forwarding treatment would then be associated to a specific set of applicable transmission type e.g. a specific downlink control channel and/or DCI types or others such as one listed in section 4.1 depending on RAN1 decisions and progress. The UE would first use the matching rule applied to the PDCP SDU (the IP packet) to identify the applicable QoS profile for the MAC SDU. The UE would then use the QoS profile to determine the applicability of the MAC PDU to e.g. a grant based on the applicable specific physical layer aspect(s).

Proposal 5: NR bearer/packet forwarding treatment is configured with one or more QoS polic(y/ies).
Proposal 6: A RAN QoS policy consists of one or more matching rule for per data unit routing.
Proposal 7: A RAN QoS policy is used to select the applicable packet forwarding treatment for a given data unit i.e. to enable the MAC to determine the applicability of an uplink resources with a specific MAC SDU.
Finally, the configuration of a NRB and of the QoS policies should be under the control of the access network.
Proposal 8: The radio bearer configuration and matching rules are controlled by the access network. 
The set of physical layer 1 characteristics to be configured or associated to a bearer can be further discussed. It depends on further progress on the NR physical layer characteristics. As a starting point some of the physical layer configurations associated to a radio bearer can include: TTI duration(s), HARQ timelines, physical channels configuration/processing, frame structure, and resource allocation.  
Proposal 9: A radio bearer can be configured with associated physical layer parameters such as TTI duration, HARQ timeline, physical channel configuration/processing, radio resources.
Proposal 10: Additional physical layer parameters can be discussed as the NR radio design progresses further.  
5 Conclusion

RAN2 should discuss the above and use the following observations and proposals as working assumptions for further work on NR bearer modelling in NR Study Item for R14:

Proposal 11: The radio bearer modelling for NR should be flexible enough to enable as much alignment as possible with the QoS framework for the NextGen Core.
Proposal 12: The radio bearer modelling for NR should be flexible enough to support features of its physical layer including transmissions using different numerologies and a proper association with the different configured packet forwarding treatments.
Proposal 13: The radio bearer modelling for NR should support means to perform mapping of MAC SDUs to specific transmissions characteristics e.g. at least based on the numerology associated with the transmission.
Proposal 14: The radio bearer modelling for NR should support configuration of per flow QoS policies.
Proposal 15: NR bearer/packet forwarding treatment is configured with one or more QoS polic(y/ies).
Proposal 16: A RAN QoS policy consists of one or more matching rule for per data unit routing.
Proposal 17: A RAN QoS policy is used to select the applicable packet forwarding treatment for a given data unit i.e. to enable the MAC to determine the applicability of an uplink resources with a specific MAC SDU.
Proposal 18: The radio bearer configuration and matching rules are controlled by the access network. 
Proposal 19: A radio bearer can be configured with associated physical layer parameters such as TTI duration, HARQ timeline, physical channel configuration/processing, radio resources.
Proposal 20: Additional physical layer parameters can be discussed as the NR radio design progresses further.  
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