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1
Introduction

The RAN1#96bis, a set of candidate numerologies for rooftop reception was agreed [2]. It was also agreed that the selection should be based on the evaluations w.r.t the system and link level performance and UE complexity.
In this contribution, in Section 2, we propose a reduced set of new numerologies for evaluation, based on the UE complexity/FFT size considerations. In Section 3 we provide the system level evaluation of the new numerologies. In section 4, we provide the link level evaluation of the candidate numerologies and derive the spectral efficiency. In section 5, we summarize our observations and provide proposals for the way forward. 
We limit our discussion to the MPMT and HPHT1 scenarios, because in these scenarios the gain from the longer numerologies is the most significant. 
2
Candidate numerologies
In RAN1#97, the following was agreed [2]: 

In order to limit the UE complexity, the FFT size should only have factors of 2 and/or 3.   

Table 1 shows the new numerologies listed in [2] with FFT sizes that only have factors of 2 and 3. 
	ID
	Tcp (us)
	Tu (us)
	RS density
	Numerology (kHz)
	FFT size

	1
	300
	2700
	1/3
	0.370
	41472

	2
	386
	2400
	1/3
	0.417
	36864

	3
	300
	3600
	1/3
	0.313
	55296

	4
	345
	3200
	1/3
	0.278
	49152


Table 1 – Candidate numerologies with FFT size that only have factors 2 and 3
Observation 1: Only the numerologies in Table 1 meet all the requirements agreed in RAN1#97.   

All evaluations in this contribution are limited to the numerologies in Table 1, with the legacy 1.25 kHz numerology as the baseline.
3
System level evaluation of the new numerologies
Figure 1 shows the 95th and 99th percentile SNR levels for the numerologies in Table 1
. The simulation scenarios and assumptions are according to [3].
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Figure 1 – 95th and 99th percentile SNR levels for rooftop receiver
Observation 2 All the new numerologies provide very similar SNR levels. 

Regarding the UE complexity, if several numerologies have similar performance, the numerologies with smaller FFT size are preferred. Therefore, we will perform link-level evaluation only for the numerologies 1 and 2 in Table 1.

3
Link-level evaluation
Figure 2 shows the link level performance for the 300/2700 numerology for 64QAM.
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Figure 2 – Link-level performance for the 300/2700 numerology

Figure 3 shows the link level performance for the 386/2400 numerology for 64QAM.
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Figure 3 – Link-level performance for the 386/2400 numerology

Table 2 shows the spectral efficiency derived from Figure 1, Figure 2 and Figure 3. 

	Scenario
	Numerology
	95% SNR (dB)
	99% SNR (dB)
	95% max TBS 
	99% max TBS 
	TBS normaliz. factor
	95% SE (bps/Hz)
	99% SE (bps/Hz)

	MPMT
	300/2700
	19.8
	19
	59256
	55056
	3
	1.98
	1.84

	MPMT
	386/2400
	19.9
	19.2
	48936
	48936
	2.786
	1.76
	1.76

	HPHT1
	300/2700
	18.1
	15.8
	59256
	48396
	3
	1.98
	1.63

	HPHT1
	386/2400
	18.7
	16.5
	55056
	45352
	2.786
	1.98
	1.63


Table 2 – Spectral efficiency for new numerologies
Based on the results in table one, we observe the following:

· For the MPMT 95% case, 300/2700 outperforms 386/2400. This performance gain may be exaggerated due to quantization of TBS. 
· For the MPMT 99% case, the difference in SE is ~ 4% in favour of 300/2700. However, the overhead of 300/2700 is ~4% higher than the overhead of 386/2400.  Therefore, the overall performance for the MPMT 99% case is effectively the same.
· For the HPHT1 case, the SE is the same. 
Observation 3: For the MPMT 95% case, 300/2700 outperforms 386/2400. For the MPMT 99% case, the overall performance is effectively the same. For the HPHT1 case, the SE is the same.
Proposal 1 The new numerology for rooftop reception shall be selected between 300/2700 and 386/2400 based on further evaluations of performance and UE complexity.  

4
Conclusion

Below is the summary of the observations and proposals:

Observation 1: Only the numerologies in Table 1 meet all the requirements agreed in RAN1#97.   

Observation 2 All the new numerologies provide very similar SNR levels. 

Observation 3: For the MPMT 95% case, 300/2700 outperforms 386/2400. For the MPMT 99% case, the overall performance is effectively the same. For the HPHT1 case, the SE is the same.
Proposal 1 The new numerology for rooftop reception shall be selected between 300/2700 and 386/2400 based on further evaluations of performance and UE complexity.  
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