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1.
Introduction

Potential new numerologies to support fixed rooftop reception in MPMT and HPHT1 networks were set out in [1]. The numerologies had been identified based on their ability to align with the frame structure of the CAS in MBMS-dedicated carriers and the frame structure of mixed carriers. They have therefore gone through the first down-selection step. It was then agreed in [2] to further progress the down-selection of these numerologies based on the outcome of further system and link level simulations as well as UE complexity considerations. 

This document provides network simulation results for fixed rooftop reception for a subset of the numerologies in [1] in order to inform the next steps in the down-selection process. 
2.
Background
2.1 Numerologies for Further Down-Selection
The numerologies identified in [1] for further down selection set out below in table 1. In [2] it was agreed to consider only those numerologies with factors of 2 and/or 3. The numerologies that do not meet this criterion have been greyed out below, and have not been considered any further.

System level simulations have therefore been carried out for numerologies with ID 1, 2, 6 and 8 in order to determine their relative spectral efficiencies (SEs) and to further inform the down-selection process.

	ID
	Tcp (us)
	Tu (ms)
	T (ms)
	Numerology (kHz)
	FFT size
	Number of MBSFN subframes per 40ms in MBMS-dedicated carrier (with no gap overhead)
	Number of MBSFN subframes per 5ms (with gap overhead in mixed-carrier )
	CP overhead

	1
	386
	2.4
	2.786
	0.417
	36846
	14
	1 (4.3%)
	13.9%

	2
	300
	2.7
	3
	0.370
	41472
	13
	1 (0%)
	10.0%

	3
	400
	2.6
	3
	0.385
	39936
	13
	1 (0%)
	13.3%

	4
	300
	2.95
	3.25
	0.339
	45312
	12
	1 (15.0%)
	9.2%

	5
	400
	2.85
	3.25
	0.351
	43776
	12
	1 (15.0%)
	12.3%

	6
	345
	3.2
	3.545
	0.313
	49152
	11
	1 (9.1%)
	9.7%

	7
	445
	3.1
	3.545
	0.323
	47616
	11
	1 (9.1%)
	12.6%

	8
	300
	3.6
	3.9
	0.278
	55296
	10
	1 (2.0%)
	7.7%

	9
	400
	3.5
	3.9
	0.286
	53760
	10
	1 (2.0%)
	10.3%


Table 1: Numerologies for down selection with FFT factors other than 2 and/or 3 greyed out
2.2 Simulation Parameters

The simulations for this document have been carried out with two different methodologies:

a) The SINR has been computed with random dropping in a small area at the apex of the central hexagon, as described in section 5 of [3]. The 95th percentile of the SINR complementary CDF has been reported.

b) The SINR has been computed with random dropping over the entire coverage area. The 99th percentile of the complementary CDF has been reported.

In both cases the 50/1 (wanted/interferer) time model has been used. Furthermore, perfect EVM has also been assumed as it may be considered to be a matter of implementation, particularly in the case of MPMT and HPHT transmitters. In both cases the receiving antenna has been aligned to the strongest transmitter before location variation has been applied (also equivalent to the closest transmitter). All other parameters are aligned with [4].
2.3 Derivation of Spectral Efficiency

The spectral efficiency in this document has been calculated using the unconstrained Shannon capacity in conjunction with the CP overheads as shown by expression (1). It has been assumed that all modes have the same overheads in all other areas such as the reference symbol patterns. The SINR has been obtained from the simulations in this document. 

SE = log2(1+SINRLinear) * (1-CPOverhead/100)

(1)
2.3 Naming Convention

In the text below we refer to numerologies using the convention of 
CP/TU/EI where CP is the cyclic prefix duration, TU is the useful symbol duration, and EI is the equalisation interval duration. All durations have units of microseconds.
3.
Simulation Results - Fixed Rooftop Reception 
3.1 MPMT
The complementary CDFs of the SINRs and SEs for MPMT fixed rooftop are shown below in figure 1 for methodology a) and in figure 2 for methodology b). The corresponding SEs for both methodologies are set out at the relevant percentiles in table 2.
From table 2 it can be seen that the SEs are broadly similar for all the numerologies across both methodologies a) and b). However, methodologies a) and b) both show that numerologies 6 and 8 have marginally higher SE than the remaining two.  
Observation 1: Numerologies 6 and 8 may be the best candidates for fixed rooftop reception in MPMT.
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Figure 1: Achievable SINR and SEs for Coverage Probability, MPMT. Methodology a)
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Figure 2: Achievable SINR and SEs for Coverage Probability, MPMT. Methodology b)

	ID
	Numerology
	Methodology a)
	Methodology b)

	
	
	Achievable SINR (dB)
	Spectral Efficiency (b/s/Hz)
	Achievable SINR (dB)
	Spectral Efficiency (b/s/Hz)

	REF
	200/800/267
	8.8
	2.5
	10.5
	2.9

	1
	386/2400/800
	21.6
	6.2
	22.5
	6.4

	2
	300/2700/900
	20.2
	6.0
	21.6
	6.5

	6
	345/3200/1067
	21.5
	6.5
	22.6
	6.8

	8
	300/3600/1200
	20.9
	6.4
	22.2
	6.7


Table 2: Achievable SINR and SEs for the Relevant Percentile of Coverage Probability, MPMT.

3.2 HPHT1

The complementary CDFs of the SINR and SEs for HPHT fixed rooftop are shown below in figure 3 for methodology a) and in figure 4 for methodology b). The corresponding SEs for both methodologies are set out at the relevant percentiles in table 3.

From table 3 it can be seen that the SEs are broadly similar for all the numerologies across both methodologies a) and b). However, methodologies a) and b) both show that numerologies 6 and 8 have marginally higher SE than numerology 2 which, noticeably, has the lowest SE.  
Observation 2: Numerologies 1, 6 and 8 may be the best candidates for fixed rooftop reception in HPHT1. 
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Figure 3: Achievable SINR and SEs for Coverage Probability, HPHT1. Methodology a)
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Figure 4: Achievable SINR and SEs for Coverage Probability, HPHT1. Methodology b)

	ID
	Numerology
	Methodology a)
	Methodology b)

	
	
	Achievable SINR (dB)
	Spectral Efficiency (b/s/Hz)
	Achievable SINR (dB)
	Spectral Efficiency (b/s/Hz)

	REF
	200/800/267
	1
	0.9
	3.6
	1.4

	1
	386/2400/800
	13.3
	3.9
	16.8
	4.8

	2
	300/2700/900
	11.1
	3.4
	14.0
	4.2

	6
	345/3200/1067
	13.2
	4.0
	16.1
	4.9

	8
	300/3600/1200
	12.2
	3.8
	15.0
	4.6


Table 3: Achievable SINR and SEs for the Relevant Percentile of Coverage Probability, HPHT1.
4. Summary

Based on the SEs derived from system level simulations the following observations may be made.

Observation 1: Numerologies 6 and 8 may be the best candidates for fixed rooftop reception in MPMT.
Observation 2: Numerologies 1, 6 and 8 may be the best candidates for fixed rooftop reception in HPHT1. 

Observation 3: For both MPMT and HPHT1, numerology 6 provides the highest spectral efficiency with a smaller FFT compared with 8. 
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