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1 Introduction
In RAN#83 meeting, a new WI to introduce a NR band n259 around 40GHz was established. The frequency range at 40GHz including that for n259 was initially requested in [2], however, in Rel-15 RAN4 only defined a NR band n260 (37-40GHz) at this frequency range. Besides n260, how to cover the remaining frequency range in 37-43.5GHz has also been discussed during Rel-15 time frame [2-9]. A tentative frequency range covering 40.5~43.5GHz after lots of discussion was finally agreed for n259 and it was captured in the TR 38.817-01. However, at that time there was no clear demand from operators for this operating band, therefore, the further study and discussion for n259 was suspended in Rel-15. 
Since the preparation for WRC-19 is speeding up and operators show clear deployment interest for this band recently, it’s time to refresh the study for n259 in Rel-16. 

Among the WI objective, one pending issue is the lower limit of this NR band n259. Based on the WI description, whether 39.5GHz is the appropriate boundary frequency will be further studied and determined in RAN4.

In this contribution, we firstly give an overview of the spectrum status around 40GHz and then give our opinion on the frequency range of n259.
2 Discussion

Spectrum status around 40GHz
Table 1 allocated services for 37-43.5 GHz

	Allocation to services

	Region 1
	Region 2
	Region 3

	37-37.5

FIXED





MOBILE except aeronautical mobile





SPACE RESEARCH (space-to-Earth) 





5.547

	37.5-38

FIXED





FIXED-SATELLITE (space-to-Earth)





MOBILE except aeronautical mobile





SPACE RESEARCH (space-to-Earth)





Earth exploration-satellite (space-to-Earth) 





5.547

	38-39.5

FIXED





FIXED-SATELLITE (space-to-Earth)





MOBILE





Earth exploration-satellite (space-to-Earth) 





5.547

	39.5-40

FIXED





FIXED-SATELLITE (space-to-Earth)  5.516B




MOBILE





MOBILE-SATELLITE (space-to-Earth)





Earth exploration-satellite (space-to-Earth) 





5.547

	40-40.5

EARTH EXPLORATION-SATELLITE (Earth-to-space)





FIXED





FIXED-SATELLITE (space-to-Earth)  5.516B




MOBILE





MOBILE-SATELLITE (space-to-Earth)





SPACE RESEARCH (Earth-to-space)





Earth exploration-satellite (space-to-Earth)

	40.5-41

FIXED

FIXED-SATELLITE 
(space-to-Earth)

BROADCASTING

BROADCASTING-SATELLITE

Mobile

5.547
	40.5-41

FIXED

FIXED-SATELLITE 
(space-to-Earth)  5.516B
BROADCASTING

BROADCASTING-SATELLITE

Mobile

Mobile-satellite (space-to-Earth)

5.547
	40.5-41

FIXED

FIXED-SATELLITE 
(space-to-Earth)

BROADCASTING

BROADCASTING-SATELLITE

Mobile

5.547

	41-42.5
FIXED




FIXED-SATELLITE (space-to-Earth)  5.516B




BROADCASTING





BROADCASTING-SATELLITE





Mobile





5.547  5.551F  5.551H  5.551I

	42.5-43.5
FIXED





FIXED-SATELLITE (Earth-to-space)  5.552




MOBILE except aeronautical mobile




RADIO ASTRONOMY





5.149  5.547


From the WRC-19 preparations, it is evident that many administrations across all ITU regions are interested in the allocation of the whole or part of the 37-43.5 GHz frequency range to mobile services. WRC-19 agenda item 1.13, Resolution 238 (WRC-15) identifies 37-40.5 GHz, 40.5-42.5 GHz and 42.5-43.5 GHz bands as IMT candidate bands. The position of regulatory bodies and regional forums regarding these ranges are summarized below.

APT (Asia-Pacific Telecommunity): members support identification of the frequency bands 37-40.5 GHz, 40.5-42.5 GHz and 42.5-43.5 GHz, or portions thereof, for IMT considering that protection of the incumbent services in these and adjacent frequency bands should be ensured. 

ASMG (Arab Spectrum Management Group): supports IMT identification within the frequency bands 40.5-42.5GHz and 42.5-43.5GHz.

CEPT (European Conference of Postal and Telecommunications): proposes an IMT identification for 40.5-43.5 GHz. This is a priority band for CEPT and already specified for future harmonization in Europe. Whilst CEPT will not propose IMT identification at WRC-19 and has no intention of using 37-40.5 GHz for IMT, CEPT will not oppose a global IMT identification for the full 37-43.5 GHz range.

Some countries in CITEL including the US, Canada and Brazil support IMT identification for part of 37-43.5 GHz spectrum range.

Position of the RCC (Regional Commonwealth in the field of Communications) administrations on frequency bands 37.0−40.5 GHz and 40.5−42.5 GHz included in Resolution 238 (WRC-15): to be specified taking into account the need to protect both passive and active services.

ATU (African Telecommunications Union) supports the 40GHz band (37-40.5, 40.5-42.5 and 42.5-43.5 GHz frequency range) for IMT identification under Resolution 238 (WRC15). 
Frequency range for n259
As mentioned in the introduction part, previously the frequency range for n259 in Rel-15 is tentatively defined from 40.5~43.5GHz. In the WID, it described that partial overlap with Band n260 is beneficial for it allows a contiguous assignment of at least one NR carrier across the n259 and n260 upper and lower band edges. A width of overlap in multiples of 500 MHz would align with the block allocations used the allocation table of the Radio Regulations (ITU-R) for the 40 GHz range. 
During the NR study in Rel-15, PA efficiency is the main concern to decide the band plan. The ratio of the bandwidth vs. center frequency of the frequency range or Fractional Bandwidth is an important metric. For 37-43.5GHz, the fractional BW is about 16%. Usually 15% is the limit to achieve a balance between the power efficiency and output power as well as the impedance matching. In [10], the proposed empirical fractional BW is about 10% for above 6GHz, however, as mmWave bands are newly allocated for IMT application, further analysis is needed for the implementation feasibility. 
Power efficiency of the PA usually is a main factor in consideration of the band plan, but it is well known that the PAE for mmWave is very low considering the state of the art technology. Then the main concern is the wide band implementation feasibility. Comparing to the two overlapping PA structure to cover a wide band as we used for other band plan discussion, a single wide band definition without PA structure limitation is more attractive for vendors especially for the UE side. 

Wide band impedance matching is the key point to determine the PA implementation feasibility. The most famous matching theory is Fano’s limits. Taken into consideration of PA’s equivalent circuit, equation for Fano’s type A mismatched loads can be utilized to evaluate the feasible fractional BW [11]. 


[image: image1.wmf]0

1

2

f

f

f

BW

Fractional

-

=


where f0 is the center frequency. With Fano theory, the fractional BW shall meet the equation below: 
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( is the reflection coefficient. Q factor is related to the matching network for the mismatched loads. 

For the whole frequency range covering 37 to 43.5GHz, the fractional BW is about 16%, this fractional BW is too large to be implemented based on the state of the art technology. Hence we need to consider a smaller range with an appropriate fractional BW.

Based on the Fano equation, the curves of Fractional BW vs. Q factor with different reflection coefficient or VSWR values are given in Figure 1. 
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Figure 1 Fractional BW vs Q factor
For a certain Fractional BW, the Q factor shall be less than a value according to the Fano equation above. It is noted that reflection coefficient ( also plays an important role in the equation. For commercial available mmWave PA, the typical return loss is about 10 dB, and the identical VSWR is around 2. 

However, to achieve a better performance, we use VSWR of 1.5 in the analysis, which represents the return loss around 14dB. Under this condition, for Fractional BW of 16% for 37~43.5GHz, the Q factor should be less than 12, while for Fractional BW of 14% for 38~43.5GHz, the Q factor is around 14. Nowadays, it could be difficult to achieve Q factor below 12 for 37~43.5GHz, but it is achievable to meet the required Q factor 14 based on information from main steam PA vendors. It is worth noting that as the 5G commercial deployment is speeding up, the RF component maturity will make fast progress. It is expected that achievable wide band PA covering the whole frequency range of 37~43.5GHz will emerge in a few years. Considering the antenna performance could also be fluctuated in a relatively wide band, the smaller the fractional BW and the larger Q factor, the easier for the UE implementation. The frequency range of 39.5~43.5GHz is corresponding to about 10% fractional BW and the Q factor is about 19. The wide band PA feasibility analysis indicates that the range of 39.5-43.5GHz can be well supported in implementation.
Based on the information of candidate bands identified in Resolution 238 (WRC-15) and considering the possible spectrum allocation for the operators which have demanding for deployment recently, our suggestion for the frequency range of n259 is 39.5~43.5GHz. 

Proposal: It is proposed to define the frequency range of n259 from 39.5GHz to 43.5GHz.

3 Conclusion

History of study for n259 in RAN4 was outlined firstly in the contribution. Then an overview of spectrum status around 40GHz is given afterwards. For the undetermined lower frequency limit for n259, a proposal is provided as below. 
Proposal: It is proposed to define the frequency range of n259 from 39.5GHz to 43.5GHz.
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