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1 Introduction

In LTE, a radio frame occupies a contiguous 10ms and consists of 10 subframes, each of which is 1ms. Three frame structure types are defined so far in LTE:

· Frame structure type 1 (FS1) for FDD only;

· Frame structure type 2 (FS2) for TDD;

· Frame structure type 3 (FS3) for LAA SCell only.

For FS1, 10 subframes are available for DL and 10 subframes are available for UL in each radio frame. FS1 is only applicable to FDD, i.e. a paired spectrum. All DL subframes are located in one part of the paired spectrum and all UL subframes are located in the other part of the paired spectrum. 
For FS2, each subframe in a radio frame can be either a DL subframe, an UL subframe, or a special subframe. 7 UL-DL configurations are defined for FS2, with DL:UL ratio ranging roughly from 4:6 to 9:1. FS2 is only applicable to TDD, i.e. an unpaired spectrum. 
For FS3, since currently only DL transmission is supported on an LAA SCell, the 10 subframes within a radio frame are available for DL. In Rel-14, support of UL transmission on an LAA SCell is being specified. Upon completion of Rel-14 specification, it is expected that FS3 would also support UL transmission on an LAA SCell. FS3 is only applicable to unlicensed spectrum.
With different frame structures and duplex modes defined, LTE does not provide the most efficient usage of the operators’ spectrum resource. In this contribution, we motivate the necessity of unified duplex in NR, and identify several key designs to enable unified duplex.
2 Motivations and design targets for unified duplex
Unified duplex aims to allow most flexible time-frequency resource usage of operators’ spectrum under a single framework. The time-frequency resource can be flexibly allocated among all transmission directions (downlink, uplink, sidelink and backhaul link), adapted to various use cases, deployment scenarios, traffic load and asymmetry. Operators should also comply with regional regulatory requirements when deciding how to use their spectrum resources. Note that unified duplex also provides a convergence of FDD and TDD in NR.
The following design targets should be achieved by the unified duplex design:
· It should allow traditional FDD operation on a paired spectrum

· It should allow both DL and UL in either part of a paired spectrum

· It should allow TDD operation on an unpaired spectrum where the DL/UL configuration is not dynamically changing;

· It should allow TDD operation on an unpaired spectrum where the transmission direction of most subframes can be dynamically changing;

· It should allow support of full duplex in the future in a forward compatible way
3 Designs for unified duplex

3.1 Unified frame structure

From physical layer perspective, in order to achieve a single frame work for duplex in NR, i.e. unified duplex, supporting a unified frame structure is beneficial. In contrast to LTE which defines frame structures separately for FDD and TDD, NR can have a single frame structure such that the design targets in section 2 can be fulfilled. The following can be considered for the unified frame structure design:

· A few subframe types are defined, e.g. DL-only subframe, UL-only subframe, bi-directional subframe [1]. These subframe types are the building blocks of the unified frame structure. 

· A radio frame of certain length in time is defined, which consists of a number of subframes. 

· The subframe type of each subframe in a radio frame is configured by the network, either by L1 signaling or by RRC signaling. Note that some time-frequency may be fixed for DL usage, e.g. for DL sync signal, RS for RRM measurement, and MIB transmission.
With the above unified frame structure, operators can flexibly assign the transmission direction of each subframe. It is noted that the unified frame structure is agnostic to the carrier frequencies for DL and UL transmission. The network decides the DL and UL carrier frequencies. For a UE, the carrier frequency for DL is acquired by DL sync signal detection and the carrier frequency for UL may be derived via system information. The unified frame structure is forward compatible for full duplex, if the DL and UL carrier frequency is the same and also the DL transmission and UL reception overlaps in time at a node. 
3.2 Flexible HARQ/scheduling timing

From physical layer perspective, flexible HARQ/scheduling timing is beneficial for the unified duplex design. Flexible HARQ/scheduling timing is well recognized and some agreements were achieved in the previous RAN1 meetings. Flexible HARQ/scheduling timing refers to explicit configuration of at least the following timings either by L1 signaling or by RRC signalling:

· Timing between DL data reception and corresponding HARQ-ACK

· Timing between UL assignment and corresponding UL data transmission

In order to fulfil the design targets for unified duplex in section 2, flexible HARQ/scheduling timing also needs to ensure the following:

· HARQ-ACK corresponding to DL data can be limited to a subset of subframes.
3.3 Band independent duplex mode
In LTE, each band definition is associated with a predetermined duplex mode, i.e. FDD, TDD, or SDL. Therefore, in order to provide the most flexible spectrum usage for operators, it is desirable that a NR band is not associated with any particular duplex mode. In order words, a NR band should simply define whether it is a paired or unpaired spectrum and its corresponding frequency range(s). It is then up to the operator to decide how the use the spectrum, provided that regional regulatory requirements are complied. 
4 Conclusions 
In this contribution, we discuss a unified duplex design for NR. Unified duplex aims to provide operators the most flexible usage of their spectrum resources and achieves FDD/TDD convergence. Design targets and several detailed considerations are provided.
Proposal 1: NR should support unified duplex, fulfilling the following design targets:
· It should allow traditional FDD operation on a paired spectrum

· It should allow both DL and UL in either part of a paired spectrum

· It should allow TDD operation on an unpaired spectrum where the DL/UL configuration is not dynamically changing;

· It should allow TDD operation on an unpaired spectrum where the transmission direction of most subframes can be dynamically changing;

· It should allow support of full duplex in the future in a forward compatible way
Proposal 2: NR should support band-agnostic and duplex-agnostic frame structure.
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