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Introduction

The frequency ranges for new NR band has been initially approved in the NR WID [1].  It has been agreed in the last RAN4#82 meeting that, for new frequencies, how to define band(s) for each frequency range should take into account the implementation difficulty including PA feasibility [2]. 

This contribution address the PA feasibility issue regarding the NR band definition. 
Discussion
In the last RAN4#82 meeting, it has been pointed out by contributions from several companies that it is not feasible to specify a ultra wide NR band from PA’s perspective [3][4][5]. Opinions of these contributions are very close, saying that a single PA component to cover a bandwidth exceeding 10% BWR (Bandwidth Ratio:  bandwidth/centre frequency) is challenging and exceeding 15% BWR is totally not feasible. 
There were comments during the discussion that even if a single PA is not feasible to cover an ultra-wide band, multiple RF chain can be used to solve the problem. In the following, we would like to address our concerns regarding the multiple RF chain approach.
Our interpretation of using multiple RF chains to realize an ultra-band PA is illustrated in Fig. 1, where the number of RF chains are two as an example.  
If PA has the ideal gain characteristic, i.e., its gain drops ideally to zero outside the desired bandwidth, then we will have perfect combined performance, as shown in Fig. 2. The reality is that no PA can achieve that even combined with filter, and so we generally has the PA characteristic as shown in Fig. 3. There will be overlapping in frequency between the PAs, as highlighted in yellow in the figure. This leads to unpredictable combined gain that depends on the phase relationship between the PAs. The combined gain may at some frequencies be higher than the designed value, may at some frequencies be lower than the designed, and in some cases may even drop to zero and thereby making that frequency part unusable. This kind of gain characteristic is obviously not applicable. 
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Fig. 1 Example of two RF chains to realize an ultra-wide band PA functionality
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Fig. 2 Ideal (desired) performance after the combiner in Fig. 1
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Fig. 2 Realistic performance after the combiner in Fig. 1

Another problem with the multiple RF chain approach is that it is very challenging, or to say close to impossible, to design an ultra-band combiner with low loss. High loss combiner is unacceptable because it is well known that the PAE (Power Added Efficiency) of power amplifier is degraded with frequency and hence improving the power efficiency will be even more important for NR BS using new band than LTE BS, in order to make the heat dissipation tolerable and the power consumption acceptable. 
Tables 1 demonstrates bandwidth ratio of each new NR frequency ranges if it is specified as a single band. As can be seen from the table, BWR of frequency ranges 3.3-4.2GHz and 24.25-29.5GHz exceeds 20% and is impossible to be covered by a single PA component. Based on the above discussion, these frequency ranges should be divided into multiple bands. 
Table 1 BWR of new NR frequency ranges if specified as a single band

	New NR frequency range
	Bandwidth ratio if specified as a single band

	3.3-4.2 GHz
	24%

	4.4-4.99 GHz
	13%

	24.25-29.5 GHz
	20%

	31.8-33.4GHz
	5%

	37-40 GHz
	8%

	1.427-1.518G
	6%


Proposal 1 Frequency ranges 3.3-4.2GHz and 24.25-29.5GHz should be divided into multiple bands
Proposal 2 The Bandwidth Ration for NR band should not exceed 15% for below 6GHz and should not exceed 10% for above 6GHz

Conclusion

This contribution discussed the band definition of new NR frequency ranges and had the following proposals: 
Proposal 1 Frequency ranges 3.3-4.2GHz and 24.25-29.5GHz should be divided into multiple bands

Proposal 2 The Bandwidth Ration for NR band should not exceed 15% for below 6GHz and should not exceed 10% for above 6GHz
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