Spectral efficiency is an essential parameter for evaluation of radio access technologies. It provides insights into expected data rates for a given amount of spectrum, and at the same time it is used to compare different radio access technologies (e.g., 3G vs 4G vs 5G comparison). For instance, early mobile technologies had a very low peak spectral efficiency (e.g., early GSM systems were providing speeds in 10 kbps, or spectral efficiency of < 1 b/s/Hz), while the 5G has very high target spectral efficiency and data rates, as summarized below: 

	
	Peak Spectral Efficiency (bit/s/Hz)
	Peak Data Rate (Gbps)

	Downlink
	30
	20

	Uplink
	15
	10



Evidently, by comparing the peak spectral efficiency and peak data rate targets, required bandwidth can be calculated by dividing the two columns in the table above, which results in 667 MHz of the minimal bandwidth needed both for the DL and UL. 
In the appendix, we calculate the peak spectral efficiencies for two different frequency ranges expected to operate in 5G: Frequency Range 1 (FR1, 410 MHz – 7125 MHz), and Frequency Range 2 (FR2, 24250 MHz – 52600 MHz). 
NR calculations
Depending on parameters such as channel bandwidth and subcarriers spacing, it has been shown that the DL spectral efficiency ranges between 37.66 b/s/Hz and 46.74 in FR1 portion of the spectrum, which is well above the target spectral efficiency of 30 b/s/Hz. Similarly, the UL spectral efficiency varies between 20.14 and 25 b/s/Hz, also well above the target of 15 b/s/Hz. In any of the calculated scenarios, there is enough room for higher overheads that may be needed (compared to overheads used in theoretical calculation).  In addition to spectral efficiency, peak data rates per single carrier have been calculated and it has been shown that up to 4.67 Gbps can be achieved using a single 100 MHz carrier. Therefore, by combining 5 carriers (500 MHz), it is possible to achieve target of 20 Gbps. 
For the FR2 range, spectral efficiencies are also above the ITU-R targets, even though there is less room for overhead increase when 64QAM is considered (as opposed to 256QAM). In terms of peak data rates, even with 64QAM, a peak data rates of 10.85 Gbps is achievable with a single 400 MHz carrier. Therefore, only 2 carriers are needed to achieve the ITU-R target of 20 Gbps. 
[bookmark: _GoBack]A more realistic use case is to combine FR1 and FR2 frequencies via carrier aggregation, but since 3GPP specifications allows up to 16 carriers to be aggregated, target peak data rates of 20 Gbps in the DL and 10 Gbps in the UL should be easily achieved. 
LTE calculations
Using the transport block sizes specified in TS 36.213, peak spectral efficiency of around 50 b/s/Hz has been calculated for LTE and peak data rate of 1 Gbps per single 20 MHz channel. Given that LTE allows up to 32 component carriers in carrier aggregation, the peak DL data arte can be as high as 32 Gbps assuming 20 MHz channels

Conclusion

Observation 1: The Peak Spectral Efficiency values computed in this paper, for both NR and LTE, fulfill the ITU-R targets for these technical performance requirements.

Observation 2: The Peak Data Rate values computed in this paper, for both NR and LTE, fulfill the ITU-R targets for these technical performance requirements. 

