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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 enhanced Mobile BroadBand (eMBB), massive Machine-Type Communications (mMTC) and Ultra-Reliable and Low Latency Communications (URLLC).

The SI assumes that work will use a phased approach whereby Phase II specifications should build on the outcome of Phase I. Work related to Phase I should thus be forward looking. Phase II shall meet all requirements for NR.

For RAN2, work is expected on progressing the design of the radio interface protocols and procedures as well as aspects related to the RAN architecture.  In particular, the SI description (SID) lists the study of different options for “fronthauling-based” protocol split between a central unit (CU) and a remote unit (RU), the interfacing with the Core Network (CN), the impact of network slicing as well as other aspects such as the evolution of QoS concepts, SON and support for Sidelink for D2D.

The SID further mentions that support for tight interworking with LTE as well as standalone NR operation should be studied. Finally, NR should support efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum.

TR 38.913 [2] includes a number of requirements. Latency requirements for the control plane “power efficient state” to “active transfer state” transition is set to 10ms. It is further stated that the user plane latency should consider delay for resource allocation, a likelihood of HARQ retransmission and a fronthauling delay of up to 250µs to allow for protocol split across central and remote radio access nodes – except for URLLC for which those may be assumed to be (close to) zero. Latency requirements for the user plane have thus been set as follow:

· URLLC: 0.5ms in the uplink and in the downlink respectively with no specific reliability criteria;

· eMBB: 4ms in the uplink and in the downlink in average (e.g. 6ms UL and 2 ms DL is acceptable) as long as the 10ms round trip is achieved;

TR 38.913 further states that interworking using at least dual connectivity between LTE and NR should be supported for collocated and non-collocated site deployments for mobility and aggregation of data flows. Separation of control and user planes should be enabled as well as flexible splitting of L2 processing across central and remote access nodes.

General aspects of the overall architecture are discussed in [3]. In particular, it suggests to use the carrier aggregation approach as the baseline for the design of the LTE+NR interworking assuming an ideal fronthaul interface. It describes a possible modelling for the overall architecture supporting the NR-PHY that can be modular and reusable when extending to a dual connectivity architecture to support a non-ideal interface.

This contribution further discusses user plane aspects for interworking between NR and LTE.
2 User Plane Aspects for New Radio Access

As discussed in [3], RAN2 should progress the work on LTE+NR interworking aiming at a single technical framework that leads to minimal impacts to existing LTE protocols and already deployed LTE nodes. For the user plane, RAN2 should thus strive to minimize impacts to the LTE PDCP, RLC and MAC protocols while ensuring that new NR requirements, usage scenarios, and procedures are supported within this framework
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Tight integration between current LTE and the NR could be enabled at least initially (e.g. Phase 1) by reusing the LTE protocol architecture and/or with minimal changes to at least PDCP and RLC. The interface to the NR-PHY can be initially abstracted using a NR-specific component “NR Low MAC”. The NR High MAC can be later introduced once the NR-specific L2 protocols are completed (e.g. Phase 2) to enable stand-alone operation.

This is illustrated in figures 1 and 2, respectively. Such NR-specific MAC entity could be later extended for the stand-alone operation by augmenting it with additional NR-specific functions, e.g. a NR High MAC component as illustrated in figure 3 below.

Proposal 1: 
Impacts to the LTE UP protocols and their procedures should be minimized when supporting tight integration with NR.
Proposal 2: 
As a design principle, whenever possible, a clear and modular separation between the LTE MAC and the NR-specific medium access procedures should be used. 

Following such guidelines may be useful to facilitate forward compatibility and to enable evolution of the initial efforts with the user plane protocols for NR.

More specifically for the MAC layer for NR, it may be logically viewed as a NR Low MAC (applicable to both LTE+NR interworking and standalone operational modes) and a NR High MAC (introduced in addition for the standalone NR mode only).
The purpose of the NR Low MAC is to serve as an abstraction layer to the existing LTE MAC layer, such that it can be reused for the most part with very few changes to support the NR-PHY. Specific details pertaining to the design of the NR-PHY can then be transparent to the LTE-MAC. For example, the details of the NR-PHY which may potentially relate to resource usage and the nature of PHY-NR resources, scheduling, HARQ, buffer status, and request/communication of grants can be hidden from the LTE part by implementing these functions in the NR Low MAC. Furthermore, the NR Low MAC may translate or adapt certain existing functions to enhanced functions which may be needed to support the NR-PHY (e.g. HARQ process identification/multiplexing, grants for contention-based resource, etc).

In moving to a standalone design which no longer relies on LTE interworking, the goal would be to reuse the NR Low MAC and augment it with other MAC related functionality to allow the system to operate in standalone fashion. Such additional functionality may be specific to NR and to NR-type bearers, and would otherwise require too large of a change to the current LTE specification to enable inclusion in an LTE+NR interworking system. For example, UE power savings may initially rely on the existing DRX algorithm for eMBB, and may be later replaced with an NR-specific algorithm for the standalone mode better suited for all NR use cases including URLLC.
Proposal 3:
The design of the NR MAC layer should enable re-use of functionality and procedures across both the LTE+NR integration and standalone NR.
2.1 NR Low MAC
The NR Low MAC can be designed to abstract the specifics of NR-PHY from the LTE UP protocol stack. Some of these functions will have dependencies on work in scope of RAN1. Furthermore, there may be dependencies on the use cases and requirements applicable to the LTE+NR interworking and on those supported by LTE standalone if they may differ from each other. For example, strict URLLC requirements may be deemed too challenging for the LTE+NR interworking or may be more loosely supported than for the standalone case. In other words, the following analysis is subject to those dependencies and may need refinement as the work progresses.
The functions and services provided by the NR Low MAC could include the following:
· Control channel(s) monitoring and usage – NR-PHY is likely to define control channels (DL and UL) that differ from those of LTE in terms of monitoring requirements, procedural behavior and usage.
· Resource allocation and availability (grants and assignments) – NR is expected to support flexibility that go beyond that of LTE in terms of access of physical layer resources (e.g. dedicated, contention-based), resource allocation (e.g. scheduled, unscheduled) using procedures that may differ from those of LTE and that may be further tailored to support different levels of QoS (eMBB, URLLC).
· HARQ entities, HARQ processing (when applicable) – HARQ processing for NR may differ in terms of addressing, timing, number of simultaneously active processes and applicability (e.g. eMBB traffic vs URLLC traffic).
· Support for resource aggregation (and Activation/Deactivation thereof) – NR may handle the availability of resources using different paradigm than those of LTE CA e.g. activation/deactivation of a “carrier” may amount to enabling certain spectrum (or blocks thereof) the details of which should not be visible to the LTE MAC.
In addition, to support URLLC with LTE+NR interworking, the following functions could also be considered for the NR Low MAC:
· Management of UL Timing Alignment for the NR-Uu (if/as required) – separate maintenance of the timing advance may be required for NR due to the more strict latency requirements for URLLC support.
· SR function, in support of URLLC;

· BSR function, in support of URLLC;

· NR-Uu Random Access (at least for Scheduling Request (SR) and/or for immediate data transfer);

· For all three above, the URLLC use case may require a service-specific method to ensure that latency requirements can be met when data becomes available for uplink transmission.
· A supervision function for URLLC – The URLLC use case may require faster detection of radio link problems according to criteria that may differ from those of LTE.

2.2 NR High MAC

The NR High MAC can be designed to replace the functions and service provided by LTE MAC for the stand-alone operation, to provide additional functions required for meeting NR requirements (e.g. URLLC-related functions if not already in the NR Low MAC) as well as to support NR-specific bearers and protocol stack. Some of these functions will also have dependencies on further work in scope of RAN1.

The functions and services provided by the NR High MAC could include the following:

· BCH (or similar) reception – depending on the design of the broadcasting and system information acquisition;
· PCH (or equivalent) reception;

· SR and BSR (if not already in NR Low MAC);

· NR-Uu Random Access e.g. for initial access and for Scheduling Request (SR). Both contention-based and contention-free methods (if not already in NR Low MAC);
· PHR (if needed);
· Power savings algorithm (DRX-like or equivalent);
· Segmentation (if RLC is not applicable);
Possibly, some further control function may be introduced to support NR-PHY configuration, mobility and radio link failure detection and recovery as discussed in [4].

3 Conclusion

RAN2 should discuss the above and agree to the following proposals as working assumptions for further work studying New Radio Access in R14:
Proposal 1: 
Impacts to the LTE UP protocols and their procedures should be minimized when supporting tight integration with NR.
Proposal 2: 
As a design principle, whenever possible, a clear and modular separation between the LTE MAC and the NR-specific medium access procedures should be used. 

Proposal 3:
The design of the NR MAC layer should enable re-use of functionality and procedures across both the LTE+NR integration and standalone NR.
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