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[bookmark: _Ref298777854]Introduction
To support simultaneous services with vastly different requirements, e.g. ultra-low latency communications (short symbols and thus wide subcarrier spacing) and MBSFN services (long symbols to enable long cyclic prefix and thus narrow subcarrier spacing), an OFDM based system with different numerologies multiplexed in frequency-domain on the same carrier was discussed and proposed as working assumption from the previous 3GPP TSG RAN WG1 meetings for NR.
In [1], some features of mixed numerology were described and some simulation results were presented.
In this contribution, we evaluate mixed numerologies with a wide band victim besides a wide band aggressor.

Discussion
Evaluation assumptions
The PA model used in the downlink evaluation is the Rapp PA model with 46 dBm total output power and 57.6 dBm saturation power as described in [2].
As we observed in [5] that with ideal channel estimation and perfect PA phase compensation, there is almost no difference in performances with and without PA. Thus we evaluate the PA impact with estimated channel in which the phase error caused by the PA is also included. The channel estimation is based on the LTE DL DMRS allocation and please see [7] for a dedicated discussion on DMRS allocation for NR.

Table 1 below summarizes simulation assumptions.
[bookmark: _Ref450726407]Table 1	Link level simulation assumptions
	Parameter
	Value

	Numerologies
	15 kHz (victim) and 30 kHz (aggressor)

	Aggressor allocation
	Wideband to fill up the system BW minus the guard band minus the victim allocation - 30kHz subcarrier spacing

	Victim allocation
	wideband 108 PRB – 1296 15kHz subcarriers

	PSD allocation between numerologies
	Equal

	Spectral confinement method
	TX and RX windowing [1] with linear window slope of length 24 (15 kHz) and 12 (30 kHz) samples. 

	Guard band
	10 narrowband subcarriers [6]

	FFT size
	15 kHz: 4096
30 kHz; 2048

	Cyclic prefix length
	15 kHz: 1320 + 6288 samples
30 kHz: 1160 + 6144 samples 

	Resource block size
	12 subcarriers

	TTI length
	15 kHz: 1 ms
30 kHz: 1 ms

	Channel estimation
	Frequency and time linear interpolation

	Link adaption
	Based on ideal ACK/NACK

	Modulations scheme
	QPSK, 16QAM, 64QAM

	Channel codec
	LTE Turbo code
LogMax scaling factor = 0.75
Number of iterations = 8

	Reference signal overhead
	LTE-DL DMRS

	Control channel overhead
	not included

	Channel model
	TDL-C with 10n and 300ns RMS delay spread [3]

	PA model
	Rapp PA model with 46 dBm total output power and 57.6 dBm saturation power [2]




Performance results 
Figure 1 and Figure 2 below showed the throughput performances with link adaption without PA and with downlink PA [2], for TDL-C RMS delay spread of 10 ns and 300 ns respectively.
Since we observed in [3] and [6] for the case 2 and case 1a that with ideal channel and ideal PA phase error compensation, the two throughput curves with PA and without PA are on each other. With estimated channel including phase error caused by the PA impairments, we can see performance degradation due to the PA in higher SNR region, especially for larger RMS delay spread. The performance loss is similar for single numerology and mixed numerologies.
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[bookmark: _Ref458169981]Figure 1	108 PRB allocation; Throughput with link adaptation and max 64QAM, TDL-C 10ns
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[bookmark: _Ref458170099]Figure 2	108 PRB allocation; Throughput with link adaptation and max 64QAM, TDL-C 300ns

Conclusion
The Rapp PA model with 46 dBm total output power and 57.6 dBm saturation power as described in [2] with parameter setup according to [3] showed little performance impact to the throughput and BLER performances of the cases evaluated compared to an ideal linear PA (i.e. without PA model), with ideal channel and ideal phase compensations. With estimated channel including phase error caused by the PA impairments, we can see performance degradation due to the PA in higher SNR region, especially for larger RMS delay spread. The performance loss is similar for single numerology and mixed numerologies.
References
[bookmark: _Ref444257346][bookmark: _Ref444097166][bookmark: _Ref442441852][bookmark: _Ref441562466]R1-165833, “Mixed Numerology in an OFDM System” 
[bookmark: _Ref457377557][bookmark: _Ref457982544]RAN1 email discussion [85-18] PA models for NR
[bookmark: _Ref457835267]R1-165989, “Way forward on calibration assumptions for NR waveform”
[bookmark: _Ref457835558][bookmark: _Ref457980611]RAN1 email discussion [85-16] Calibration for NR waveform and Excel document NRWaveformCalibration_v32
[bookmark: _Ref458170698]R1-167030, “Mixed Numerology with PA impairment”
[bookmark: _Ref458170589]R1-167033, “On resource allocation and guard subcarriers for mixed numerologies”
[bookmark: _Ref458522869]R1-167037, “Demodulation reference signal design principles”

image1.emf
-15 -10 -5 0 5 10 15 20 25 30 35

SNR [dB]

0

10

20

30

40

50

60

70

80

90

100

T

h

r

o

u

g

h

p

u

t

 

[

M

b

i

t

s

/

s

]

TDLC; tx ports: 1; rx ports: 2; Used Ack/Nack based LA

No PA; no agg; OFDM; est ch

No PA; with agg; WOFDM; est ch

With PA; no agg; OFDM; est ch

With PA; with agg; WOFDM; est ch


image2.emf
-15 -10 -5 0 5 10 15 20 25 30 35

SNR [dB]

0

10

20

30

40

50

60

70

80

90

100

T

h

r

o

u

g

h

p

u

t

 

[

M

b

i

t

s

/

s

]

TDLC; tx ports: 1; rx ports: 2; Used Ack/Nack based LA

No PA; no agg; OFDM; est ch

No PA; with agg; WOFDM; est ch

With PA; no agg; OFDM; est ch

With PA; with agg; WOFDM; est ch


