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1
Introduction
RAN1#84bis agreed in essential parts for waveform simulation assumptions for 4 GHz evaluation in [1]. This waveform simulation is expected to focus on narrow band, non-orthogonal and improved spectral containment simulations. However, the simulation assumptions designed for 4 GHz are not suitable for evaluation of the potential benefits of single carrier waveforms in high frequency bands.

In this contribution we are proposing simulation assumptions for frequencies beyond 30 GHz for the purposes of evaluating whether single carrier waveforms provide benefits over OFDM.
2
Proposal for waveform comparison simulation assumptions for 30 GHz and beyond
Beamforming effect modeling for link level simulations agreed in [2] is proposed to be adopted, i.e. to use spatial filtering on agreed CDL models. Agreed text proposal on CDL models [3] for 3GPP 38.900 says:

“The CDL models are defined for the full frequency range from 0.5 GHz to 100 GHz with a maximum bandwidth of 2 GHz. CDL models can be implemented by e.g., Step 10 in Section 7.5.“

Typical operation at 30 and 70 GHz is assumed to be beam based, meaning that the UE may be using one or multiple beams. One beam may have two polarization dimensions. In beam based access the beams UE sees may differ quite significantly in terms of received power levels. Thus, it is considered that UE would be served typically via the strongest cross-polarization beam at a time typically limiting the max rank to two. Correspondingly for precoding, wideband co-phasing among polarization dimensions is seen as a feasible assumption. 

Table 1: Simulation assumptions for waveform comparisons for 30 GHz and beyond

	Parameter
	Indoor Hotspot
	Dense Urban
	Urban Macro

	Carrier Frequency
	30/70 GHz
	30/70 GHz
	30 GHz

	Simulation bandwidth 
	30 GHz: 160 MHz, 70 GHz: 1280 MHz

	Channel Model
	CDL-A
	CDL-B
	CDL-C

	UE speed 
	3km/h
	3 km/h, 30 km/h
	3 km/h, 30 km/h

	Rank per UE
	Rank 1- 2

	UE Antenna elements 
	8 elements, 2 polarizations per element

	BS Antenna elements
	64 elements, 2 polarizations per element

	Number of sub-arrays at UE
	1

	Number of sub-arrays at BS
	1

	Phase Noise Modeling
	According to R1-165005

	Channel estimation
	Real / Ideal (Pilot pattern to be given in the case of real channel estimation)

	TTI length
	0.125 ms

	Channel coding
	LDPC / Turbo


Table 2: modulations and code rates
	Modulation
	code rate

	BPSK (pi/2)
	1/2

	QPSK (pi/4)
	1/3

	QPSK
	1/2

	QPSK
	2/3

	16QAM
	1/2

	16QAM
	2/3

	64QAM
	1/2

	64 QAM
	3/4

	256 QAM
	3/4


Numerology options to allow SC transmission and in the bandwidth of interest are presented in Table 3.

Table 3. Numerology options
	Carrier BW [Mhz] 
	80 MHz
	160 MHz
	320 MHz
	1280 MHz

	Number of carriers: 30GHz
	2
	1
	
	

	Number of carriers: 70 GHz
	16
	8
	4
	1

	Effective Bandwidth [MHz]
	72
	144
	288
	1152

	Waveform
	OFDM
	OFDM/
DFT-S-OFDM
	OFDM
	ZT-S-OFDM

	Clock Rate [Mchip/s] 
	122.88
	245.76
	491.52
	1966.08

	sub-carrier spacing [kHz] 
	60
	120
	240
	960

	Ts[us] 
	16.67
	8.335
	4.17
	1.04

	Number of used subcarriers
	1200
	1200
	1200
	1200

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

	# symbols per subframe 
	7
	14
	28
	120

	sub-frame length [us] 
	125
	125
	125
	125

	CP [us] 
	1.2
	0.6
	0.3
	-

	CP Overhead [%] 
	6.7
	6.7
	6.7
	-
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