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|. Waveform for NR Uplink (UL)

Motivation:

UL Waveform must be power efficient (low PAPR/Cubic Metric)
UL Waveform must offer long battery life ( for MTC devices > 10 years)

UL Waveform must offer robust performance and sufficiently high ACLR
(low OOBE) with non-linear PAs

For OFDM, per every one-dB reduction in PAPR, there is an increase on the
order of 10% in PA efficiency [1]. This is significant to increase battery life
for UL devices

The above requirements offer a tough waveform design challenge



|. Waveform for NR UL (2)

e LTE already uses DFT-S-OFDM (SC-FDMA) with rectangular
pulse shaping to reduce PAPR on the UL

* Consider a variant of DFT-S-OFDM with spectrum shaping to
further reduce PAPR

e Spectrum shaping in frequency domain is equivalent to
Circular Convolution in time domain = Single Carrier-
Circularly Pulse Shaped Waveform
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I. Waveform for NR UL (3)
INL's Technology Solves Practical Problems with Enhanced Solutions

INLU’s Contribution #1

-

To address a Critical Requirements for Mission-critical and Smart
Cities/loT services

Uses smart frequency-domain signal processing to lower the energy
consumption by reducing out-of-band emissions and peak-to-average
power ratio resulting in longer battery-life of the devices
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|. Waveform for NR UL (4)

SC-CPS PAPR results (see [3] for details)

[N\

—SRRC pulse shape
— Optimized pulse shape

-30 -20 -10 0 10 20 30

Subcarrier index

Optimum PAPR filter in the frequency
domain for a = 0.1

CCDF

~—=QFDM
===DFT-S-OFDM

SC-CPS-QAM (SRRC)
== SC-CPS-OQAM (SRRC)
~=SC-CPS-QAM (Optimized)
~=SC-CPS-OQAM (Optimized)

2 4 6 8 10 12
PAPR (dB)
PAPR results for QPSK

14



|. Waveform for NR UL (5)

SC-CPS ACLR results [3]
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With SC-CPS,PA can
be operated closer to
saturation while still
meeting ACLR spec,
thus improving
efficiency and battery
life



l. Waveform Summary

1) For QPSK modulation at CCDF = 1%, optimized SC-CPS waveform offers a 1.1 dB PAPR
gain over the LTE UL baseline waveform, DFT-S-OFDM, with 0.3 dB additional gain
possible through the use of O-QPSK for a = 0.1. Additional PAPR gains can be obtained
for larger a at the expense of higher excess bandwidth.

2) For the most robust modulation types (QPSK/O-QPSK) typically used for coverage-
limited scenarios, SC-CPS waveforms offer at least a 0.5 dB CM advantage over DFT-S-
OFDM, with a larger advantage with increasing excess bandwidth

3) SC-CPS waveform, in addition to PAPR advantage, provide significant OOBE/ACLR
benefits with respect to the LTE UL baseline waveform (DFT-S-OFDM) and allow for
more efficient PA operation and longer battery life for devices at edge of coverage.

4) SC-CPS waveform is an option for NR UL



Il. Uplink Scheduling Requests for NR

Motivation:
Ultra-Reliable Low Latency Communications (URLLC) have stringent latency and

reliability requirements [4], [5]
Grant-based and Grant-free transmission options can be used to satisfy these

requirements under a variety of conditions
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UL Access Scheduling and Resource Grants [4]

Il. UL SRs for NR (3)

UL data

inactive
—
SR —_—

e— UL grant =

active I
I
]
I

a) SR based access

((fé?)

Delay

~ ULdata

l— Fast UL grant ]

inactive

[r— Data “

active

(<§§>)

b) Fast UL access

Delay?

UL data

l— Fast UL gral'lt n
inactive

—— Data —=¢
—— Data —»

—— Data

active

@

] fﬁﬂay

¢) Short TTI + Fast UL access




Il. UL SRs for NR (3)

SR: one-bit signal from UE to eNB to request grant for UL transmission
LTE solution: SRs are transmitted based on a periodic method (wait time involved)

Underlay SR (USR) solution: SRs are transmitted over whole transmission
bandwidth by spreading with known sequences and eliminating wait time [6]
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Il. UL SRs for NR (4)

INL’s Contribution #2

To address Ultra-Reliable Low Latency Communications (URLLC)
Requirements for Robotics, Factory Automation, Public-safety
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opportunity SR almost immediately after the packet arrival Scheduling request eNB dynamicaly schedues
based on received SRs
UE sends SR 17.84 ps Both UE SR transmission and gNB decoding occurs in
_ parallel (see Figure 2) resulting in no-delay from packet
gNB decodes SR and generate | 250 ps arrival at the UE to grant transmission by the gNB. e |INL's Underl ay Control Channel (U CC)
grant .
technology used to lower the uplink
gNB sends grant 17.97 us 1797 ps . . -
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: ) . age . . . .
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Totl 102502 ps 63218 s Over 38% improvement!

scheduling method is grant-based and
SR signal has inherent diversity (DSSS
over whole transmission band)
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Il. UL SRs for NR (5)

USR Performance [7]
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Il. UL SR Summary

Wait time

Delay granularity

Scheduler flexibility

SR Resource Allocation

Implicit SR messaging

Can be a significant part of overall delay

Works with whatever granularity is chosen but
remains fixed

Limited because efficiency is tied to SR period

Needs time/frequency allocation as part of UL
control channel (PUCCH)

Not available

Wait time is eliminated

Works with any chosen granularity (mini-slots,
slots, sub-frames or multiple sub-frames) to
adapt to transmission

High because scheduler can allocate resources
much more efficiently due to the availability
of longer lead times [5]

Works over already allocated resources (i.e.,
no additional resources needed)

Available by assigning different SR codes for
different traffic types resulting in reduction of
message-exchange delay.
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