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1
Introduction
The study item on new radio access technology (NR) was approved with the scope to “consider frequency ranges up to 100 GHz” [1]. More specifically, techniques are expected to be defined for “operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands with efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum”. Furthermore, it was agreed that NR should be a “single” technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including: Enhanced mobile broadband, Massive machine-type-communications, and Ultra reliable and low latency communications. In this contribution, we discuss the challenges and design principals for a frequency scalable NR technology.
2
Discussion
There are several approaches to accommodate different modes within an air interface. In the case of UMTS, the FDD and TDD modes are distinctively different, which led to some commercialization challenges. On the other hand, in the case of LTE, the FDD and TDD modes are mostly identical in physical channels with deltas in subframe structures/channels to account for TDD/FDD aspects. The similarity of FDD/TDD modes in LTE led to mode agnostic Rx PHY implementation such as waveform processing, TB processing, channel codes, rate matching, interleaving, etc. 

In the case of NR air interface designed for 2020-2030, the potentially usable frequency would include additional spectrum from 600 MHz to up to 100 GHz. The potential usage of the diverse spectrum types are listed in Table 1. Given the mix of different spectrum licensing models, NR should be designed to provide more efficient unlicensed/shared licensed access than LTE. One such example is self-contained waveforms that enables a single Category 4 LBT for each PHY transaction including grant/data/acknowledgement.
Proposal 1: NR should be optimized for licensed/shared/unlicensed spectrum access, e.g., self-contained waveform/transaction.
Table 1 Diverse spectrum types and bands

[image: image6.png]Licensed Spectrum Shared Licensed Spectrum Unlicensed Spectrum
Cleared spectrum Complementary licensing Multiple technologies
EXCLUSIVE USE SHARED EXCLUSIVE USE SHARED USE

Below 1 GHz: longer range, massive number of things
Below 6 GHz: mobile broadband, higher reliability services

Above 6 GHz including mmWave: for both access and backhaul, shorter range




FDD spectrum is typically allocated at lower frequency with narrower bandwidth and TDD spectrum is typically allocated at higher frequency with wider channel bandwidth. In the case of LTE, a single numerology (15 KHz) and frame structure is used for different frequencies until recently introduced NB-IOT design. Compared to WiFi, the LTE radio complexity is much higher to address the same system bandwidth.

In the case of NR, more flexible design of numerology and frame structure could be considered to bridge the gap with WiFi in terms of complexity. E.g., NR indoor deployment (typically at higher frequency, .e.g, 4 GHz) could have SC spacing at similar order compared to WiFi (100s of KHz) in order to reduce FFT complexity and to improve the buffering requirements for symbol processing and decoding latency. At the same time, NR macro deployment could have narrower SC spacing to provide robustness against delay spread. In order to reduce design and hardware complexity, different supported SC spacing should have simple relationships such as 2N scaling.
Proposal 2: NR should support different carrier frequency and/or deployment scenarios with scalable numerologies, e.g., following 2N scaling.

Millimetre wave has unique propagation characteristics that are different from lower frequency such as high path loss, different multi-path profile, and susceptibility to blockage as shown in Figure 1 [2]. At the same time, mmW devices also have practical challenges in terms of power and phase noise limitations.
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Figure 1 Channel response at 2.9 and 29 GHz
As a result, there are unique challenges and opportunities for mmW design:

· High propagation losses ( Directional transmissions for control coverage enhancements
· Lower PA power, lower efficiency, higher PN profiles ( Lower modulation order, shorter symbol duration
· Typically small number of Tx chains with a large number of antenna elements ( RF beamforming, TDM’ing resources

· Large variation of signal strength due to blocking and movements ( Co-design with sub6GHz radio for robust CA/DC solution
Proposal 3: mmW-specific design should be introduced to the air interface in addition to designs optimized for sub6 GHz access, e.g., support of both RF beamformed and non-beamformed broadcast/control channels.
mmW bands between 20-100 GHz are expected to have contiguous allocation ranging from 100s of MHz to a few GHz. At the same time due to mmW device EVM limitation and limited spatial streams a mmW UE could support, the peak rate of mmW is expected to be similar to sub6 GHz radio as shown in Figure 2. 
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(b) mmW
Figure 2 Peak rate for sub-6 GHz and mmW radios

Observation: Sub6 GHz and mmW radios have similar peak rate with different BW, modulation and spatial stream combinations.
Given similar peak capability between sub6 GHz and mmW radios, it would be highly desirable that the air interface design at Sub-6GHz and mmW share the maximum commonality in order to leverage similar receiver design and hardware envelope.

Proposal 4: Sub6 GHz and mmW specification should share common features that define the radio hardware envelope, e.g., channel coding, receiver MIMO processing, HARQ timeline, etc.

3
Conclusions 
In this paper, we outline high level design principals related to frequency scalable NR designs:
Proposal 1: NR should be optimized for licensed/shared/unlicensed spectrum access, e.g., self-contained waveform/transactions.

Proposal 2: NR should support different carrier frequency and/or deployment scenarios with scalable numerologies, e.g., following 2N scaling.

Proposal 3: mmW-specific design should be introduced to the air interface in addition to designs optimized for sub6 GHz access, e.g., support of both RF beamformed and non-beamformed broadcast/control channels.
Proposal 4: Sub6 GHz and mmW specification should share common features that define the radio hardware envelope, e.g., channel coding, receiver MIMO processing, HARQ timeline, etc.
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