3GPP TSG RAN WG1 Meeting #86
Gothenburg, Sweden

22nd - 26th August 2016 New Radio (NR) - Waveform R1-167821

Agenda Item: 8.1.2.1

Source: National Taiwan University

Title: Evaluation Results of OFDM-Based Waveforms in Case 1a and Case 1b
Document for: Discussion and Decision

1 Introduction

New radio (NR) waveform design is based on OFDM with potential support of non-orthogonal
property and multiple access [1]. In our related work [2]-[3], CPS-OFDM waveform charac-
terized by precoder flexibility with multiple access support is proposed to be one of 5G NR
waveform candidates. In this document, we provide CPS-OFDM waveform evaluation results
in Case la and 1b according to the parameters given in [4]-[5]. We also show the corresponding
performance comparisons with some of waveform candidates proposed in the last meeting [6].

1.1 Contributions

This document shows the evaluation results of transmitter complexity, power spectral density
(PSD) with power amplifier (PA) nonlinearity agreed in R1-166004, uncoded bit-error rate
(BER), and spectral efficiency (SE) in Case la (downlink) and Case 1b (single user in uplink)
for CPS-OFDM [2], £OFDM [7], UF-OFDM [8], W-OFDM [9], WOLA-OFDM [10], and ZT
DFT-s-OFDM [11] waveform candidates. Note that both OFDM and DFT-s-OFDM with cyclic
prefix (CP) serve as performance references for NR waveform evaluation [6].

2 Simulation Setup

Transceiver models of the aforementioned waveform candidates to be evaluated by our simulator
are illustrated in block diagram form. The philosophy of notation utilization is in accordance
with [2]. The used parameters of DFT-spreading, guard interval, Tx/Rx filtering, and Tx/Rx
windowing are also addressed in this section.

2.1 Transceiver Structure

First of all, OFDM and DFT-s-OFDM applied to legacy LTE downlink and uplink are shown
in Figure 1 and Figure 2, respectively.
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Figure 1: OFDM transceiver
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Figure 2: DFT-s-OFDM transceiver

As stated in [2], CPS-OFDM characterized by the flexibility of its circular pulse shaping
percoder can be realized in an efficient way depicted in Figure 3. Here we choose K = 25,
M =24,dy = Opx1, [di], =0, Vk, Z =48, and 8 = 0 for single downlink user in Case la. For
single uplink user in Case 1b, we choose K =3, M = 16, [dix], =0, Vk, Z =3, and § = 0.5.
In current simulations, for simplicity, raised-cosine coefficients with o = 0 and zero padding
(ZP) are used for subcarrier-wise shaping and guard interval, respectively.
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Figure 3: CPS-OFDM transceiver

For multiuser downlink transmissions, multiple CPS precoders are adopted at the transmit-
ter as shown in Figure 4. Note that different users are able to have different parameters in their
own CPS precoders.

In Figure 5 and Figure 6, both {-~OFDM and UF-OFDM feature using filtering techniques,
but they utilize different filter coefficients and guard intervals. For f~OFDM, the FIR filter h¢ is
generated by imposing the raise-cosine window! on the sinc impulse response? with tone offset
techniques. Two filter orders Ly = N/2 and Ly = G are taken into account with Nroneoffses = 2.5
and Nroneofiset = 9, respectively. For UF-OFDM, the additional precoding matrix is a diagonal
matrix whose diagonal entries are to compensate the passband decay caused by the Dolph-
Chebyshev filter with the attenuation factor 75 dB and Ly = (. Since the mainlobe size
of Chebyshev filter is very narrow, several subband-wise transmissions are required for the
wideband scenario of Case la as shown in Figure 7.

Lwllg] = (0.5 (1 + cos (%)))0'67 — B <y < | Let |
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Figure 7: UF-OFDM transceiver for multiuser downlink transmissions

In Figure 8, both W-OFDM and WOLA-OFDM extend the time-domain block duration
by introducing a G-length raised-cosine window to block edges. The difference is that WOLA-
OFDM has an additional block extension in front of CP. Figure 9 displays the zero-tail (ZT)
DFT-s-OFDM transceiver in which guard interval insertion is not needed.
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Figure 8: W-OFDM/WOLA-OFDM transceiver
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Figure 9: ZT DFT-s-OFDM transceiver

2.2 System Parameters

Practical system parameters are chosen according to the agreements in the 3GPP RAN1 meet-
ing [4]. At the receiver, the processes of synchronization and channel estimation are assumed

to be perfect.

Parameter Notation | Value

Carrier frequency 4 GHz

Sampling rate 15.36 MHz

OFDM subcarrier spacing 15kHz

FFT size N 1024

Guard interval length G 72

Number of allocated subcarriers | .S 600 (for Case la); 48 (for Case 1b)
Starting subcarrier index n 212

Modulation scheme 16QAM

Coding scheme None

Number of antennas 1T1IR

Multipath channel model ETU and TDL-C300 for 3 km/hr
Channel equalization MMSE-FDE

PA model

Rapp (for Case 1a); Polynomial (for Case 1b)

Operating point

-12 dBm (for Case 1a); -8 dBm (for Case 1b)
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3 Performance Evaluation
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Figure 10: PSD without PA nonlinearity for Case la

Case 1a (single user in downlink) with PA, OPP= -12 dBm
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Figure 11: PSD with PA nonlinearity for Case la
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Figure 12: PSD without PA nonlinearity for Case la
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Figure 13: PSD with PA nonlinearity for Case la
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Case 1a (single user in downlink), ETU, 3 km/hr
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Figure 14: BER for ETU chanel

Case 1a (single user in downlink), TDLC300, 3 km/hr
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Figure 15: BER for TDL-C-300 channel
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Case 1b (single user in uplink) without PA
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Figure 16: PSD without PA nonlinearity for Case 1b
Case 1b (single user in uplink) with PA, OPP= -8 dBEm
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Figure 17: PSD with PA nonlinearity for Case 1b
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Case 1b (single user in uplink), ETU, 3 km/hr
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Figure 18: BER for ETU chanel
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Figure 19: BER for TDL-C-300 channel
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