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1 Introduction
Band plan for n259 was discussed in last RAN4 meeting, however, no consensus was reached for the lower limit. During the discussion, the following agreement as a guidance was recorded in the chairman notes. 
Band plan for n259:  


Option 1: 39.5GHz – 43.5GHz 


Option 2: 37GHz – 43.5GHz 

Companies are encouraged to provide the analysis for above band plan. RAN4 is going to decide the band plan by Aug meeting. 

By Aug meeting, if no conclusion is reached for option 2, option 1 will be agreed as band plan for n259
This contribution provides technical analysis for the two options. 
2 Discussion

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. 

According to the WID, the purpose of this work item is to specify a new NR TDD operating band, i.e. Band n259, covering at least the range 39.5-43.5 GHz taking into account the potential benefit of an overlap with Band n260. The lower limit of the band will be further analysed and decided by considering spectrum allocations in different regions, operator demands and RF implementation but should not exceed 39.5 GHz.

During the NR study in Rel-15, PA efficiency is the main concern to decide the band plan. Figure 1 shows the achievable PA efficiency for different technologies for frequency range from 20GHz to 50GHz. It can be seen from the survey, the PA technology used around 40GHz are mainly GaN or GaAs, and GaN has higher PAE than GaAs. 
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Figure 1 Plot of Psat vs frequency for all technologies
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 [3], 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]. 
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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 2. 
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Figure 2 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

This paper provides analysis for the two options of the band plan for n259. Since the fractional BW for option 2, i.e. 37-43.5GHz is too large, it would be very difficult to implement for the PA technology available for the time being. Therefore, we propose to consider option 1 as the band plan for n259.

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