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1
Introduction
An objective of the 5G study item [1] it to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. These include support for eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications). The new RAT shall be inherently forward compatible to allow specification in two separate phases (Phase I and Phase II). The study item contains also some technical features for the NR system to meet these objectives. Those include:

· Tight interworking between the new RAT and LTE 

· Interworking with non-3GPP systems

· Operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands.
· Stand-alone operation in licensed bands.
The new RAT should support also wireless relay functionality.
In this contribution we focus on the flexible numerology for the new RAT. We have also separate numerology related contributions covering comparison of subcarrier spacing [3] and related scaling principles [4]. Basic frame structure principles utilized the numerology described here is further utilized in [5]. User plane latency of URLLC is further discussed in [6].
2
Flexible 5G New Radio numerology basic principles
Based on the 5G new radio scenarios and KPIs, there is a need for a common numerology framework to cover the full frequency range up to 100 GHz and support for all the envisioned environments/deployments and scenarios. It was already agreed in RAN WG1 meeting #84bis that it is necessary to support more than one subcarrier spacing, or in other words more than one OFDM numerology for NR, and that the subcarrier spacing values are derived from a particular base subcarrier-spacing value by scaling.
Larger new radio subcarrier spacing offers increased robustness against phase noise, which increases as a function of the carrier frequency, as well as an option for keeping the FFT of reasonable size while supporting very large carrier bandwidths. The amount of available bandwidth is broadly speaking increasing as a function of increasing carrier frequency. 15 kHz subcarrier spacing is seen as a good baseline in order to enable in-band coexistence with TD-LTE, eMTC and NB-IoT. In addition, other multi-service scenarios, such as eMTC and URLLC and even MBMS may need to be considered in <6 GHz area. For the high carrier frequencies, ZT-S-OFDM (zero tail – spread - OFDM) is proposed as an additional waveform option in order to achieve carrier bandwidths of ~1 GHz with high PA efficiency. In order to keep the system design and implementation complexity in feasible limits, fully flexibly adjustable numerology is not preferred due to high number of cases to define requirements for implementation and testing. Instead, a limited set of possible numerologies covering the different spectrum areas and scenarios should be defined.
Our proposal for the supported 5G new radio PHY numerologies for further evaluation is presented in Table 3. In addition to the parameters listed in the table, also PRB size should be scalable in similar manner.
Table 1. Proposed 5G new radio 5G PHY numerologies for OFDM based waveforms.
	Spectrum band
	<6 GHz
	3…40 GHz
	20…100 GHz

	Carrier Bandwidth [MHz]
	5 
	20
	80
	160
	320
	1280

	Waveform
	OFDM / SC-FDMA / UF-OFDM
	OFDM
	OFDM 
	ZT-S-OFDM

	Clock Rate [Msps] 
	up to 30.72 
	30.72
	122.88
	245.76
	491.52
	1966.08

	S-C spacing [kHz] 
	3.75
	15
	60
	120
	240
	960

	Ts[us] 
	266.67
	66.67
	16.67
	8.335
	4.17
	1.04

	Maximum (I)FFT size 1)
	16-2048
	2048
	2048
	2048
	2048
	2048

	# symbols per subframe 
	FFS2)
	7
	7
	14
	28
	120

	sub-frame length [us] 
	FFS2)
	500
	125
	125
	125
	125

	CP [us] 
	19.2
	4.8
	1.2
	0.6
	0.3
	-

	CP Overhead [%] 
	6.7
	6.7
	6.7
	6.7
	6.7
	-

	1) Implementation issue, not to be standardized, however standard needs to support efficient implementation. (I)FFT size higher than 2K FFT is not seen feasible from implementation point of view.

2) The length of the sub-frame is to be defined
	


3
Simulation assumptions and results
Figure 1 presents results of link level evaluation with a few subcarrier spacings for 40GHz carrier frequency (2x2, rank2, several MCSs). Here, TDL-B-100ns channel and PN error according to oscillator model proposed in [8] (obtained as a averaged compromise over several PN PSDs from RAN1 WG #84bis contributions) have been utilized together with CPE compensation. 120 kHz subcarrier spacing provides better performance compared to 240 kHz. Also 60 kHz subcarrier spacing shows good performance even though it suffers from unnecessarily excessive DMRS overhead in the simulation setup used. Additional throughput gain achievable with ICI compensation is still under further analysis.

Table 2 Link simulation parameters
	Channel
	TDL-B-100ns

	Carrier frequency
	40 GHz

	BW
	80 MHz

	MCS
	QPSK: 1/3, 2/3

16QAM: 1/2, 2/3, 5/6
64QAM: 2/3, 5/6
256QAM: 3/4, 4/5

	DMRS overhead
	One DMRS symbol per 0,125 ms

60 kHz subcarrier spacing: 14%, 

120 kHz subcarrier spacing: 7%

240 kHz subcarrier spacing: 4 %

	CP overhead 
	6.7%

	Channel estimation
	Ideal

	Phase noise model
	According to [8]

	Phase noise compensation
	CPE compensation

	MIMO
	2x2, rank 2
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Figure 1. Link level evaluation with fc=40GHz, TDL-B-100ns channel, CPE compensation included. 
4
Conclusions
In this contribution we have discussed the basic numerology principles for the new RAT based on the assumption that waveform in based on OFDM and provided the first simulations.
The used simulation setup somewhat unrealistically favoured the higher S-C spacing and while penalizing the lower S-C because of the way the DMRS overhead was scaled. Still the higher DMRS overhead of the lower S-C spacings does not show up in more accurate channel estimate due to the fact that ideal channel estimation was used.
Thus, the initial simulation results shown in this contribute indicate that 60 kHz S-C spacing already provides comparable performance to 120 kHz and 240 kHz on 40 GHz carrier frequency.
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