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1 Introduction
Recently new bands for NR on frequency range 3.3-4.2GHz have been extensively discussed in RAN4 [1-9]. A WF on 3.3-4.2GHz NR spectrum has been approved in RAN4 #82bis meeting as follows [10].
· There were two proposals to specify the band in the range of 3.3-4.2 GHz.
· Proposal 1: To specify two different bands below with a note indicating that “A UE supporting Band X shall also support Band Y and vice versa”.
· Band X: 3.3-3.8 GHz
· Band Y: 3.6-4.2 GHz
*No additional switch loss is assumed. 
· Proposal 2: To specify 3.3-4.2 GHz as a single band.
· One of options below should be selected considering their pros/cons in RAN4#83.
· Option 1: Proposal 1
· Option 2: Proposal 2
· Option 3: Proposal 1 & 2 (which means specifying three different bands and the NW needs MFBI)
RAN4 agrees that compared to a device only supporting 3.3-3.8 GHz, there shall be no additional losses in the TRx path within 3.3-3.8 GHz for a device supporting 3.3-4.2 GHz.
Three options for NR bands on frequency range 3.3-4.2GHz are suggested to be selected. In this proposal, we provide our views on NR band definition for frequency range 3.3-4.2GHz.
2 Discussion
2.1
Feasibility of wide band PA implementation
In [1], a brief analysis on the implementation of the frequency range 3.3-4.2GHz has been studied. Matching network synthesis is a fundamental part of wideband PA design.  The relative bandwidth ratio in most matching network synthesis is defined as:
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Table 1  Relative bandwidth ratio (BWR) for frequency range 3.3-4.2GHz
	Band
	fl
	fh
	BWR

	X
	3.3 GHz
	3.8 GHz
	14.1%

	Y
	3.6 GHz
	4.2 GHz
	15.4%

	Z
	3.3 GHz
	4.2 GHz
	24.2%


Ultra-wide band in NR will degrade PA’s power efficiency. The power added efficiency of PA will be degraded with frequency and as a result improving the PA power efficiency is important to NR new band definition. Generally, from the point view of implementation, it is difficult to improve PA’s power efficiency once the relative bandwidth ratio is higher than a certain level such as 15%. As can be seen from table 1, band Z with a single band of range 3.3-4.2GHz has a relative bandwidth ratio exceeding 15%, which means it’s hard to implement a single PA with such wide band.
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Fig.1  Band definition of 3.3-4.2GHz
The frequency range around 3.5GHz has also been considered as existing E-UTRA bands of B42 and B43, some preliminary performance data can be taken as a reference for NR band definition. The performance of a commercially available PA designed for 3.4-3.8GHz is shown as Fig.2. Fig.2 shows the S11 and S21 profiles across the frequency range from 2.0-5.0GHz. S-parameters tell how voltage waves are propagating in the radio-frequency (RF) environment. S11 represents how much power is reflected, and hence is known as the reflection coefficient. The value of reflection coefficient varies considerably with the change of frequency range, which is almost 26dB in Fig.2. S21 is the forward gain coefficient which represents the power received at port 2 relative to the power input to port 1. The gain flatness is about 5dB, where the gain at 4.2GHz is much lower than that of 3.4-3.8GHz. Hence, using a commercially available PA designed for 3.4-3.8GHz will lead to high reflection and low gain of PA which is more challenging to the ultra-wide band of 3.3-4.2GHz.
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Fig.2 An example of S11 and S21 for PA on 3.4-3.8GHz
Observation 1: The relative bandwidth ratio for frequency range 3.3 – 4.2 GHz is too high to implement in PA design if a single band is chosen.
Observation 2: Scattering Parameters show that the performance of PA varies considerably within the whole range of frequency 3.3-4.2GHz if a single band is selected.
Observation 3: Considering the implementation and efficiency of PA, frequency range of 3.3-4.2GHz as a single band is not suitable for NR band definition.
2.2
Dual PA structure
PA structures for option1, 2 and 3 are illustrated in Fig.3~5 respectively. Based on the above discussion, the proposed 3.3GHz-4.2GHz frequency range is suggested to be split into two bands with a certain overlapping. The two bands X (3.3-3.8GHz) and Y (3.6-4.2) will be covered with 2 separate PAs. The reference structure of dual PA for NR is shown in Fig.3, which is more appropriate to frequency range 3.3-4.2GHz.
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Fig. 3  Reference structure of option 1 with dual PA in 3.3-4.2GHz

In order to make frequency range 3.3-4.2GHz being a harmonized worldwide band, WF in [10] states that “A UE supporting Band X shall also support Band Y and vice versa”. In this case, the lower PA and upper PA could not work simultaneously, that means the RF signal should switch between the two PAs. When the frequency range is within band X, the lower PA is selected. When the frequency range is within band Y, the upper PA is then selected. Considering that there is an overlapping of 200MHz between band X and Y, there is some restriction to the usage of carrier when the bandwidth is over 200MHz.  The contiguous CA over 200MHz will not be supported when the frequency range includes 3.6-3.8GHz. If a wider channel bandwidth of more than 200MHz is operated, the restriction should be abided by keeping the whole channel in Band X or Y. Fig. 6 illustrates an example of an aggregated channel bandwidth of 300MHz, in which some cases are not permitted.
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Fig. 4  Reference structure of option 2 with single PA in 3.3-4.2GHz
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Fig. 5a  Reference structure of option 3a with single PA in 3.3-4.2GHz
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Fig. 5b  Reference structure of option 3b with three PA in 3.3-4.2GHz
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Fig. 6  Illustration to band restriction with band X+Y

2.3
Comparison of three options in frequency range 3.3-4.2GHz
In section 2.2, we provide the possible reference structures for option1~3 in frequency range 3.3-4.2GHz. The performance, complexity and cost of implementation will be different among these options. Table 2 analyzes the pros and cons of the proposed options.

Table 2  Comparison of band definition options in 3.3-4.2GHz

	
	Option 1

(X+Y)
	Option 2

(Z)
	Option 3

(X+Y+Z)

	
	
	
	3a
	3b

	PA performance
(incl. BWR, S-parameter, etc)
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	Switch loss
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	Spec complexity
(incl. spec work load, etc)
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	Implementation cost
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	Band restriction
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Observation 4: With the comparison of three band definition options in frequency range 3.3-4.2GHz, option 1 outperforms option 2 and 3.
Proposal 1: For frequency range 3.3-4.2, option 1 to specify two different bands as below is suggested.
· Band X: 3.3-3.8 GHz
· Band Y: 3.6-4.2 GHz
3 Conclusion

In this paper, we provide our considerations on NR band definition for frequency range 3.3-4.2GHz. Feasibility of wide band PA implementation and Dual PA structure have been investigated. Comparison of three options for band definition in frequency range 3.3-4.2GHz has been given. The following observations and proposals are concluded.
Observation 1: The relative bandwidth ratio for frequency range 3.3 – 4.2 GHz is too high to implement in PA design if a single band is chosen.

Observation 2: Scattering Parameters show that the performance of PA varies considerably within the whole range of frequency 3.3-4.2GHz if a single band is selected.
Observation 3: Considering the implementation and efficiency of PA, frequency range of 3.3-4.2GHz as a single band is not suitable for NR band definition.

Observation 4: With the comparison of three band definition options in frequency range 3.3-4.2GHz, option 1 outperforms option 2 and 3.
Proposal 1: For frequency range 3.3-4.2, option 1 to specify two different bands as below is suggested.
· Band X: 3.3-3.8 GHz
· Band Y: 3.6-4.2 GHz.
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