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1 Introduction

During recent RAN4 meetings discussions have taken place on setting EVM and selectivity requirements for multi-numerology transmission and reception. [1] presented some rate calculation based analysis that suggested that for isolating the numerologies, several approaches to windowing, filtering and selecting a guard band size can be applied and will give similar results. [2] described how the standard will need to enable the flexibility to allocate different guard sizes depending on the gNB spatial capability and instantaneous link conditions. [3] analyses filtering and windowing and concludes that windowing is the only suitable approach for isolating different numerologies, because filtering would imply a static assignment of RBs to each numerology.
This paper presents some link simulation results comparing filtering and windowing with different sizes of guard between numerologies, considering the transmitter and interference between numerologies. Although the guard size should be left for gNB implementation, there is a need to set a minimum EVM (and for the receiver, minimum selectivity) requirement, and for the requirement a guard size will need to be assumed for the test model.
2 Link level simulations
Link level simulations have been performed based on 60kHz and 15kHz numerologies. A 20MHz carrier is simulated, in which 10MHz is allocated to the 15kHz numerology and 10MHz to the 60kHz numerology. The simulations model downlink transmission, with 1 TX and 2 RX.  Self-interference arises in the simulations due to filter ripple or interference between numerologies; no other sources of EVM are modelled. Other simulation assumptions are captured in the appendix.
Simulations were carried out with 1 and 2 15kHz PRB guard between the numerologies. Simulation assumptions can be found in Annex.
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Throughput results for the 15kHz numerology are indicated in figure 1. 

The following observations are made for the 15kHz numerology:

· For SINR below 10dB, no spectral confinement technique is required as the throughput results are the same for all techniques.

· For SINR below 10dB, the throughput is the same regardless of the number of PRBs of guard between the numerologies. This is presumably because the link is somewhat more SINR limited than bandwidth limited and thus the gain from additional PRBs is reduced and compensated by the reduction in interference if the guard is larger.

· At higher SINRs, with filtering 2 PRBs guard optimizes the throughput. Windowed OFDM performs slightly better than filtering in this case due to the fact that it incurs a lower EVM.
[image: image1][image: image2.png]15kHz subcarrier spacing, guard PRBs =2

Throughput [Mbps]
8 s

3

—&— OFDM, no inter-numerology inf
—¢— Fillered OFDM

= OFDM

—#— Windowed OFDM

5 10 15 2 25 30 3 40 45 50
SNR [dB]




Figure 1: Throughput on the 15khz numerology for 1 PRB guard (left) and 2 PRB guard (right)

Figure 2 depicts the throughput vs SINR for the 60kHz numerology. The following observations are made for the 60KHz numerology:

· Again, at low SINR neither the spectral confinement technique not the guard size makes much difference to the throughput

· For higher SINR, again windowed OFDM performs somewhat better than filtered OFDM (due to the absence of EVM on the 60khz numerology due to the filter). 

· OFDM without filtering performs as well as either filtered OFDM or windowed OFDM with a 2 PRB guard

· In this case, the throughput is similar for 1PRB or 2PRB guard (a 1 PRB guard allows a marginally higher spectral utilization at the cost of a marginal penalty to SINR)
· Even with a 2 PRB guard there is still some inter-numerology interference.
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Figure 2: Throughput on the 60khz numerology for 1 PRB guard (left) and 2 PRB guard (right)
Figure 3 depicts the sum throughput on both numerologies. The following observations are made for the sum throughput:

· At <20dB SINR, neither the spectral confinement technique nor the size of the guard makes a difference to the throughput
· Sum throughput is greater with a 2 PRB guard and windowing.

· Even with a 2 PRB guard, there is still some inter-numerology interference.
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Figure 3: Total throughput for the two numerologies
Figure 4 depicts EVM per PRB. The following observations are made for EVM

· The 15 kHz numerology is helped by the windowing, while the 60 kHz numerology is not much affected.
· The sharp filtering causes ripple that degrades edge PRBs.

· The size of the guard mainly affects performance on the PRBs closest to the other numerology.
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Figure 4: EVM per PRB.
Based on these observations, since filtering severely constrains the flexibility of the schedule to allocate PRBs to numerologies and does not have any performance advantage compared to windowing, we propose that windowing is assumed when developing minimum inter-numerology requirements.

Proposal 1: Windowing should be assumed when developing minimum inter-numerology requirements.
Based on the observations on the simulation results, it is tentatively proposed that a minimum EVM requirement for the inter-numerology case should be defined assuming 2 RBs guard between the numerologies. However the 2 PRB should be confirmed after further investigation of how to set RX selectivity requirements as it would be preferable to align the guard size in these cases. In principle, 1 RB (with an increased EVM threshold) could also be acceptable.
Proposal 2: Assume [2] RB guard band for setting a minimum requirement for inter-numerology EVM.

The fact that the requirement is based on [2] RBs for the minimum requirement should not imply that the gNB scheduler is restricted from using other guard sizes or even no guard. In order to ensure that scheduling down to zero guard functions correctly, consideration could be given to setting a second requirement on at least selectivity (also potentially EVM if needed) with zero guard. (Of course, this requirement would have a reduced selectivity/EVM level as there would be more interference between numerologies)
Proposal 3: Study further the need to set an RX selectivity requirement (and possibly EVM) with zero guard between the numerologies.
3 Conclusion

This paper has analyzed the link level performance of different assumed guard sizes and different spectral confinement techniques for multi-numerology requirements. There is no advantage in using filtering, but an obvious disadvantage in terms of flexibility. It is proposed to assume windowing for setting the multi-numerology EVM and selectivity requirements with a GB of around 3 15kHz PRBs assumed in the requirement. The minimum requirement should not imply that the gNB is not flexible to schedule numerologies with different PRB allocations.
Proposal 1: Windowing should be assumed when developing minimum inter-numerology requirements.
Proposal 2: Assume [2] RB guard band for setting a minimum requirement for inter-numerology EVM.

Proposal 3: Study further the need to set an RX selectivity requirement (and possibly EVM) with zero guard between the numerologies.
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5 Annex: Simulation parameters
	Parameter
	Value

	Channel
	TDL-A, 3 km/h, 100ns delayspread

	Antennas
	1 Tx, 2 Rx

	DRMS density
	First symbol in frame, 2 comb.

	Link adaption
	ACK/NACK 5% BLER target

	EVM measurement
	As per 36.104

	Window size 
	15 kHz: 1/3 of CP
60 kHz: 1/6 of CP

	Inter-numerology filter
	101 tap least squares
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