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1. Introduction

On the one hand, E-UTRA basic transmission schemes in terms of 1.25MHz, 2.5MHz, 5MHz, 10MHz, 15MHz, 20MHz under the current numerology defined in [1] strictly violate the out-of-band emission requirements ([2], [3] and [4]). On the other hand, with proper techniques, e.g. time-windowing or filtering, there is more or less sub-carriers left to bandwidths larger than 5 MHz for the potential effective utilization of the sub-carrier resources because schemes with larger bandwidths can meet the spectrum mask requirements easily than those with smaller ones. Therefore, a modification to the number of the occupied sub-carriers, which satisfy the UE or BS spectral masks on the uplink in a DFT-s-OFDM symbol or on the downlink in an OFDM symbol, shall be needed under the current numerology defined in [1]. We investigated in this contribution the scalable design of the occupied sub-carrier number by means of the time-windowing technique for above available bandwidths. TU channel is used in simulations.
2. Suggestion for the OFDM downlink sub-carrier number 

In common sense, the window overlap is usually expected to be smaller when compared to the cyclic prefix length as the window overlap reduces the effective cyclic prefix length that is available for avoiding inter-symbol interference in case of long channel impulse responses. However, the simulation outputs illustrated in figure 1 (only the figure for 10 MHz case is presented here as an example) shows nearly no deterioration of BLER performance for the OFDM based basic downlink transmission even if the window overlap length is the same as the smaller cyclic prefix length in Table 1. Moreover, the maximum number of occupied sub-carriers of OFDM downlink transmission can be available when the window overlap with the same length as the smaller cyclic prefix in Table 1 is added to the head of each OFDM symbol and a general view of the maximum number of occupied sub-carriers for all kinds of available bandwidths is listed in table 1, which also clarify the fact that the bandwidth efficiency of 1.25 MHz and 2.5 MHz is very low if only the time-windowing is utilized in order to meet the out-of-band spectrum emission mask requirement. 

Other factors, e.g. the size of the physical resource blocks, the ratio of the window overlap samples to the smaller cyclic prefix length in Table 1, should be taken in account when designing the number of the occupied sub-carriers available for basic downlink transmission schemes. In view of the size of the physical resource blocks, which has been inclined to be less than 25, it is suggested here a physical resource block consists of 12 consecutive sub-carriers for the scalable adjustment of the occupied sub-carriers. 
From the simulation outputs in table 1 the current numerology defined in [1] needs some modification and in a further table 2 presents a recommended modification for the sub-carrier number of the OFDM basic downlink transmission scheme. From table 1, we can derive the conclusion that for 1.25MHz and 2.5MHz bandwidth the spectrum efficiency would be decreased significantly in order to meet the spectrum mask requirements even if the maximum time-windowing is added. So the reasonable filter requirement should be taken into account to avoid out-of-band emission, and the design of filter is FFS. 
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Figure 1: OFDM BLER performance for10 MHz bandwidth under current numerology
Table 1: The maximum number of the occupied sub-carriers for downlink bandwidths

	Bandwidth
	maximum number of useful subcarriers

(including DC)
	window overlap samples, required for less than  –14 dBm/30kHz outside the allocated bandwidth
	Cyclic prefix length (25.814 v150 )
	BW efficiency

	1.25 MHz
	54+1
	9
	9 or 10
	66%

	2.5 MHz
	141+1
	18
	18 or 20
	85.2%

	5 MHz
	313+1
	36
	36 or 40
	93.9%

	10 MHz
	644+1
	72
	72 or 80
	96.75%

	15 MHz
	979+1
	108
	108 or 120
	98%

	20 MHz
	1314+1
	144
	144 or 160
	98.6%


Table 2: The scalable design of the occupied sub-carriers for downlink bandwidths

	Bandwidth
	Number of useful sub-carriers (including DC)
	BW efficiency

	1.25MHz
	79(=78＋1)
	94.8%

	2.5MHz
	157(=12×13＋1)
	94.2%

	5 MHz
	313(=12×26＋1)
	93.9%

	10 MHz
	625(=12×52＋1)
	93.75%

	15 MHz
	937(=12×78＋1)
	93.7%

	20 MHz
	1249(=12×104＋1)
	93.675%


With designs in Table 2, a simulation is conducted again to check if the power spectrum density can meet the requirements of out-of-band emissions and results have been depicted in Appendix A.1. 

3. Suggestion for the DFT-s-OFDM uplink sub-carrier number

On the design of the occupied sub-carrier number there are most common points between DFT-s-OFDM basic uplink transmission scheme and OFDM basic downlink transmission scheme. Nearly no deterioration of BLER performance exists in figure 2 (only the figure for 10 MHz case is presented here as an example) even if the window overlap length is the same as the smaller cyclic prefix length in Table 3. Moreover, the maximum number of occupied sub-carriers of DFT-s-OFDM uplink transmission can also be available when the window overlap with the same length as the smaller cyclic prefix length in Table 3 is added to the head of each OFDM symbol and a general view of the maximum number of occupied sub-carriers for all kinds of available bandwidths is listed in table 3, which also clarify the fact that the bandwidth efficiency of 1.25MHz and 2.5MHz is very low if only the time-windowing is utilized in order to meet the out-of-band spectrum emission mask requirements. 
Similar to OFDM based downlink transmission scheme, the number of the occupied sub-carriers for DFT-s-OFDM based uplink transmission scheme is also designed scalable by means of a 12 size of the physical resource block. Furthermore, we present a recommended modification in table 4 for the sub-carrier number of the DFT-s-OFDM based uplink transmission scheme. Similar to downlink, the additional filter requirement should be taken into account for 1.25MHz and 2.5MHz. 
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Figure 2: DFT-s-OFDM BLER performance for 10 MHz bandwidth under current numerology
Table 3: The maximum number of the occupied sub-carriers for uplink bandwidths

	Bandwidth
	maximum number of useful subcarriers
	window overlap samples
	Cyclic prefix length (25.814 v150 )
	BW efficiency

	1.25 MHz
	57
	7
	7 or 15
	68.4％

	2.5 MHz
	142
	15
	15 or 23
	85.2％

	5 MHz
	312
	31
	31 or 39
	93.6％

	10 MHz
	642
	63
	63 or 81
	96.3％

	15 MHz
	976
	95
	95 or 103
	97.6％

	20 MHz
	1309
	127
	127 or 135
	98.2％


Table 4: The scalable design of the occupied sub-carriers for uplink bandwidths

	Bandwidth
	Number of useful sub-carriers 
	BW efficiency

	1.25MHz
	78
	93.6%

	2.5MHz
	156(=12×13)
	93.6%

	5 MHz
	312(=12×26)
	93.6%

	10 MHz
	624(=12×52)
	93.6%

	15 MHz
	936(=12×78)
	93.6%

	20 MHz
	1248(=12×104)
	93.6%


Also, simulations are repeated with our designs in Table 4 and a satisfied conclusion comes from Appendix A.2. 

4. Conclusions

Since the occupied sub-carrier number related to the current numerology defined in [1] has to be modified to meet the out-of-band emission requirements on either DFT-s-OFDM based basic uplink transmission scheme or OFDM based basic downlink transmission scheme, a set of recommended numbers for the occupied sub-carriers has been submitted in this contribution. With this modification, the spectral masks on each of both physical links can be met well and at the same time the spectrum efficiency will be promoted, when compared to definitions under current numerology. 
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Appendix A – Simulation Results

A.1 – OFDM Downlink
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Figure 3: OFDM power spectrum for 5MHz bandwidth with 36 CP samples
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Figure 4: OFDM power spectrum for 10MHz bandwidth with 72 (blue), 30(red) CP samples
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Figure 5: OFDM power spectrum for 15MHz bandwidth with 108 (blue), 20(red) CP samples
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Figure 6: OFDM power spectrum for 20MHz bandwidth with 144 (blue), 10(red) CP samples

A.2 – DFT-s-OFDM Uplink 
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Figure 7: DFT-s-OFDM power spectrum for 5MHz bandwidth with 31 CP samples
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Figure 8: DFT-s-OFDM power spectrum for 10MHz bandwidth with 63 (blue), 30 (red) CP samples
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Figure 9: DFT-s-OFDM power spectrum for 15MHz bandwidth with 95 (blue), 25(red) CP samples
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Figure 10: DFT-s-OFDM power spectrum for 20MHz bandwidth with 127 (blue), 20(red) CP samples





































