Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting #85                                                                                 R1-164630
Nanjing, 23rd – 27th May,  2016

Source: 	Ericsson
[bookmark: Title]Title:	Performance difference between 60 and 75 kHz subcarrier spacing
Agenda Item:	7.1.4
Document for:	Discussion
[bookmark: _Ref298777854]Introduction
At the 3GPP RAN1 meeting #84bis both 60 kHz and 75 kHz OFDM subcarrier spacing has been mentioned as possible options for a subcarrier spacing around 60-70 kHz. In this contribution we show link level simulation results and the performance of these two numerologies w.r.t. phase noise and robustness towards delay spread. Simulations are performed for 30 GHz (to test robustness towards phase noise) but also at 2 GHz where 60 kHz or 75 kHz subcarrier spacing is used to achieve low latency. A more general discussion on numerology can be found in [2].
Discussion
At the 3GPP RAN1 meeting #84bis both 60 kHz and 75 kHz OFDM subcarrier spacing has been mentioned as possible options for a subcarrier spacing around 60-70 kHz. A subcarrier spacing in this range is a good compromise for deployments around 30 GHz to achieve sufficient robustness towards phase noise, a reasonable cyclic prefix length and overhead (assuming LTE numerology scaled by 4 and 5 for 60 kHz and 75 kHz, respectively), and robustness towards Doppler. 
60 kHz and 75 kHz subcarrier spacing can also be used at lower frequencies to achieve lower latencies. Assuming scaled LTE slots as NR subframes their durations become 125 µs and 100 µs for 60 kHz and 75 kHz subcarrier spacing, respectively.
Numerology Details
Details of the 60 kHz and 75 kHz numerology are listed in Table 1.
[bookmark: _Ref450126153]Table 1	Details of 60 kHz and 75 kHz numerology
	
	60 kHz
	75 kHz

	Subcarrier spacing
	60 kHz
	75 kHz

	OFDM symbol duration
	1/60 kHz = 16.7 µs
	1/75 kHz = 13.3 µs

	Cyclic prefix length
	1.35 µs (1st symbol in subframe), 1.14 µs (remaining symbols)
	1.08 µs (1st symbol in subframe), 0.91 µs (remaining symbols)

	Subframe duration
	125 µs
	100 µs



Simulation Results
Simulation parameters
Numerologies 60 kHz and 75 kHz are simulated for the scaled TDL-A channel model. The tap delays are scaled to achieve an RMS delay spread of {100,300,1000} ns. Ideal channel coefficients are used in all simulations. Link adaptation is based on ideal ACK/NACK feedback, no rank adaptation is used.




Table 2	Link level simulation parameters
	
	60 kHz
	75 kHz

	Number of allocated subcarriers
	1200
	960

	Evaluation BW in MHz
	72
	72

	Number of OFDM symbols per TTI
	14 (2 subframes are aggregated)
	14 (2 subframes are aggregated)

	TTI duration
	250 µs
	200 µs

	MCS range
	Up to 64QAM
	Up to 64QAM

	Link adaptation
	Based on ideal ACK/NACK feedback
	Based on ideal ACK/NACK feedback

	Channel estimation
	Ideal
	Ideal

	Reference signal
	LTE-DMRS
	LTE-DMRS

	Control channel
	Not included
	Not included

	Resource elements per resource block (12 subcarriers) used for data
	84
	84

	Antenna configuration
	1 TX, 2RX
	1 TX, 2 RX

	UE speed
	3 km/h
	3 km/h



For 30 GHz the phase noise model “Low phase-noise model” developed in mmMAGIC project is used [1]. Its noise spectrum is shown in Figure 1 (blue curve).
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[bookmark: _Ref450128767]Figure 1	Phase noise spectrum of the mmMAGIC phase noise model used for simulations at 30 GHz  (blue curve).
For 2 GHz no phase noise is added since at this carrier frequency both 60 kHz and 75 kHz are very stable w.r.t. phase noise. 
 
Simulation results at 30 GHz
Figure 2 and Figure 3 show link level simulations over TDL-A with RMS delay spread of 100 ns and 300 ns, respectively. Phase noise according to Figure 1 is injected.  It can be observed that 60 kHz and 75 kHz subcarrier spacing perform equally well for the case of 100 ns RMS delay spread. At 300 ns RMS delay spread the impact of inter-symbol interference due to too short cyclic prefix is visible leading to reduced peak rates for both 60 kHz and 75 kHz. Due to the shorter cyclic prefix of 75 kHz numerology this effect is more pronounced for 75 kHz.
[image: ]
[bookmark: _Ref450649793]Figure 2	Throughput over SINR for TDL-A, 100 ns RMS delay spread, 30 GHz. 
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[bookmark: _Ref450649801]Figure 3	Throughput over SINR for TDL-A, 300 ns RMS delay spread, 30 GHz. 
Simulation results at 2GHz
Figure 4 to Figure 6 show link level simulations over TDL-A with RMS delay spread of 100ns, 300 ns, and 1000 ns, respectively. For an RMS delay spread of 100 ns both numerologies perform equally well. For 300 ns and 1000 ns RMS delay spread the impact of inter-symbol interference is visible limiting peak rate. Due to a shorter cyclic prefix performance of 75 kHz numerology suffers more than for 60 kHz numerology.
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[bookmark: _Ref450650932]Figure 4	Throughput over SINR for TDL-A, 100 ns RMS delay spread, 2 GHz. 
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Figure 5	Throughput over SINR for TDL-A, 300 ns RMS delay spread, 2 GHz. 
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[bookmark: _Ref450650943]Figure 6	Throughput over SINR for TDL-A, 1000 ns RMS delay spread, 2 GHz. 
Conclusion
In this contribution we compare performance obtained via link level simulations of 60 kHz and 75 kHz. Both numerologies are compared w.r.t. robustness towards phase noise and delay spread at 30 GHz and 2 GHz (usage of 60 kHz or 75 kHz at low frequencies is motivated by the low latency provided by 60 kHz and 75 kHz numerology). The presented results show that both numerologies perform equally well for low delay spread; no performance difference can be observed due to phase noise. For larger delay spreads 75 kHz performance suffers more than 60 kHz performance since 75 kHz numerology has lower cyclic prefix and is less robust towards inter-symbol interference.
Observations: We do not see performance gains of 75 kHz over 60 kHz numerology.
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