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1    Introduction

NR band definition discussion in 3.3-4.2 GHz has been discussed for many meetings, but there is no conclusion. A WF on 3.3-4.2 GHz NR spectrum was approved [1] in RAN4#82bis meeting，and two proposals and three options were discussed in RAN4#83 meeting. In order to satisfy the NR WI work plan, we should make a conclusion in NR#2 meeting.
2    Discussion
In RAN4#82bis meeting, there are two proposals and three options to specify the band in the range of 3.3-4.2GHz [1]. 
· 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.
In last RAN4#83 meeting, there is no consensus on option 1 and option 2, some companies proposed additional option:

· RAN4 is to specify band x 3.3GHz- 3.8GHz additionally RAN4 specify a band for either 3.3GHz-4.2GHz or 3.6GHz-4.2GHz with the notes saying that UE supports band x is not required to support band y (3.6GHz-4.2GHz) or z (3.3GHz-4.2GHz) and RAN4 RF minimum requirement for band x shall be developed assuming no band y and band z supported by the UE. 
In this contribution, we provide our opinions on NR band definition for 3.3-4.2 GHz according to options mentioned above.
2.1 Pros of defining two bands
· RF Reference Architecture
As stated in [2][3][4][5][6][7][8], PAE and gain flatness are the major issues of defining single band with one PA scheme. The PA scheme of RF reference architecture depends on the relative bandwidth (bandwidth/frequency center), which will decide the implementation difficulty of the component performance. There are two RF reference architectures as follows.
· RF reference architecture 1: Single PA
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Figure1: Single PA reference architecture for NR in 3.3-4.2GHz
Single path module and one PA supports 3.3-4.2GHz, the relative bandwidth 24%BW. Generally, if the relative bandwidth is very large, the efficiency of PA will be degraded. Single PA scheme may have a major performance sacrifice.
· RF reference architecture 2: Two PAs
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Figure2: Two PAs reference architecture for NR in 3.3-4.2GHz
In order to solve the problems caused by large relative bandwidth, we can consider the two PAs reference architecture. 3.3-4.2GHz frequency range could be covered with 2 separate PAs. This way can reduce the relative bandwidth, and increase the feasibility of the component. Two PAs reference architecture is a trade off between complexity and performance. It can be considered as a feasible RF reference architecture. Considering the component performance and implementation complexity, two PAs is more suitable RF reference architecture in 3.3-4.2GHz.
Observation 1: Two PAs RF reference architecture could be considered as RF reference architecture in 3.3-4.2GHz, and one PA in 3.3-3.8GHz.
· Different UE power classes in 3.3-4.2GHz
Last meeting, it was agreed to specify both PC2 and PC3 UE on 3.5GHz for NR in Rel-15. As stated in [5][8], compared with the Power Class 3 PA, the Power Class 2 PA will generally require more active area to support the higher peak level, which will increase the capacitive parasitic and reduce the output impedance. So there will be a reduction in efficiency of a few points. Additionally, since the available PA drive does not increase, the Power Class 2 PA needs to have additional 3dB gain compared to the Power Class 3 PA. 
There is a clear market of Power Class 2 UE in 3.3-3.8GHz frequency range. Also in other countries, there are regulatory limitations on using Power Class 2 UE in 3.5GHz. So if one single band is specified, it is not clear which kind of PAs will be used (Power class 2 PA or Power class 3 PA), and it may have impact on requirements. Also we may need to define two sets requirements for Band Z (3.3-4.2GHz) for different UE power classes.

In order to meet the demand of different operators, Power Class 2 could be realized in Band X (3.3-3.8GHz) while Power Class 3 could be realized in Band Y (3.6-4.2GHz). The potential solution is shown in Figure3 as below. 
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Figure3:  One possible block diagram which could realize both Power Class 2 and Power Class 3 in the same UE
Observation 2: Defining two bands in 3.3-4.2GHz is beneficial to respectively carry out PC2 in 3.3-3.8GHz and PC3 in 3.6-4.2GHz.
· Radio Altimeter Coexistence for 3.3-3.8GHz
The co-existence issue with radio altimeter in 4.2-4.4GHz was raised in RAN4. Usually, RAN4 don’t consider the co-existence issue with non-3GPP techniques. For example, co-existence between band 42 and radars in 3.3-3.4GHz was not studied in RAN4. But given the safety-of-life aspect of altimeter, some company thought it is important to consider the altimeter protection. Hence, so far, there is no agreement on the altimeter co-existence issue.  
If two different bands were specified, at least we don’t need to consider the co-existence issue between Band X (3.3-3.8GHz) and 4.2-4.4GHz.
Observation 3: There is no coexistence issue between Band X (3.3-3.8GHz) and radio altimeter in 4.2-4.4GHz.
· Harmonic and IMD for NSA and NR CA/DC
Considering NSA DC and NR CA with 2UL/2DL, harmonic and inter-modulation interference is a very important aspect that should be studied. If 3.3-4.2GHz is defined as one band, it will cause higher harmonic and inter-modulation interference due to very wide frequency range. 
In this section, 2UL interference and 2DL interference scenarios are both considered. Table 1 and Table 2 show the 2UL harmonic and inter-modulation interference of LTE band 7 and NR band Z/ band X. According to the calculation, the 4th IMD falls into the DL of band 7, while DC of LTE Band7+ NR band X causes no interference in Band 7.
	Table 1 harmonic and inter-modulation of LTE band 7 + NR band Z (3.3-4.2GHz)
　
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	2500
	2570
	3300
	4200

	4rd order IMD products
	(2*f1_high –2*f2_low)
	|2*f1_low –2*f2_high |
	(2*f1_low +2*f2_low)
	(2*f1_high +2*f2_high)

	IM frequency limits(MHz)
	1460
	3400
	11600
	13540


 Table 2 harmonic and inter-modulation of LTE band 7 + NR band X (3.3-3.8GHz)
	　
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	2500
	2570
	3300
	3800

	4rd order IMD products
	(2*f1_high –2*f2_low)
	|2*f1_low –2*f2_high |
	(2*f1_low +2*f2_low)
	(2*f1_high +2*f2_high)

	IM frequency limits(MHz)
	1460
	2600
	11600
	12740


For the 2DL interference scenario, DC of LTE Band4 + NR band Z and DC of LTE Band4 + NR band X  are analyzed in table3 and table4 as the example. It is observed that the 2nd and 5th inter-modulation falls into Band4 UL frequency range while DC of LTE Band4+ NR band X causes no interference in Band 4. .

	Table 3 harmonic and inter-modulation of LTE band 4 + NR band Z
　
	f1_low
	f1_high
	f2_low(BandZ)
	f2_high(BandZ)

	DL frequency (MHz)
	2110
	2155
	3300
	4200

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IM frequency limits(MHz)
	1145
	2090
	5410
	6355

	5rd order IMD products
	|3*f2_low -2*f1_high |
	|3*f2_high -2*f1_low|
	|2*f2_low -3*f1_high|
	|2*f2_high -3*f1_low|

	IM frequency limits(MHz)
	5590
	8380
	135
	2070


Table 4 harmonic and inter-modulation of LTE band 4 + NR band X

	　
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2110
	2155
	3300
	3800

	2nd order IMD products
	(f2_low – f1_high)
	(f2_high – f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IM frequency limits(MHz)
	1145
	1690
	5410
	5955

	5rd order IMD products
	|3*f2_low -2*f1_high |
	|3*f2_high -2*f1_low|
	|2*f2_low -3*f1_high|
	|2*f2_high -3*f1_low|

	IM frequency limits(MHz)
	5590
	7180
	135
	1270


Considering more and more band combinations are introduced for NSA DC or NR CA/DC, it may cause more harmonic and inter-modulation interference. So defining two bands is beneficial for reducing harmonic and inter-modulation interference.
Observation 4: Independently defining two bands is better than a single band Z considering the harmonic and inter-modulation interference.
2.2 Two bands Implementation Solution
Considering the pros of two bands as we discussed above, we propose to define two bands in 3.3-4.2GHz frequency range. In order to discuss the details of how to separate the two bands, we summarize the frequency ranges of different countries/regions in 3.5GHz.
Table 4 Candidate 5G spectrum around 3.5GHz from regulators
	Country/Area
	Frequency range

	Europe
	3400-3800MHz

	Korea
	3400-3700MHz

	US
	3550-3750MHz

	China 
	3300-3600MHz

	Japan
	3400-4200MHz


Considering the frequency ranges of different countries/regions, Band X 3.3-3.8GHz can cover the demand of Europe, Korea, US and China, and Band Z 3.3-4.2GHz can cover the demand of Japan. Hence, we propose to define two bands as band X and band Z.
Proposal 1: RAN4 to specify Band X for 3.3-3.8GHz and Band Z for 3.3-4.2GHz 
2.3 Way forward on band definition in 3.3-4.2GHz
In order to find a compromise way to meet the demand of most companies, we have the following proposed way forward.
· Considering UE architecture, different UE power classes, co-existence issue and harmonic/ intermodulation interference, in order to achieve better performance, RAN4 is to specify a Band X for 3.3-3.8GHz.
· Additionally, considering different spectrum demands in different countries, RAN4 is to specify a Band Z for 3.3-4.2GHz.
Note: A UE supporting band X is not required to support band Z.
3   Conclusions
According to our analysis, we get the following observations and proposals:
Observation 1: Two PAs RF reference architecture could be considered as RF reference architecture in 3.3-4.2GHz, and one PA in 3.3-3.8GHz.
Observation 2: Defining two bands in 3.3-4.2GHz is beneficial to respectively carry out PC2 in 3.3-3.8GHz and PC3 in 3.6-4.2GHz.
Observation 3: There is no coexistence issue between Band X (3.3-3.8GHz) and radio altimeter in 4.2-4.4GHz.
Observation 4: Independently defining two bands is better than a single band Z considering the harmonic and inter-modulation interference.
Proposal 1: RAN4 to specify  Band X for 3.3-3.8GHz and Band Z for 3.3-4.2GHz
Way forward on band definition in 3.3-4.2GHz

· Considering UE architecture, different UE power classes, co-existence issue and harmonic/ intermodulation interference, in order to achieve better performance, RAN4 is to specify a Band X for 3.3-3.8GHz.
· Additionally, considering different spectrum demands in different countries, RAN4 is to specify a Band Z for 3.3-4.2GHz.
Note: A UE supporting band X is not required to support band Z.
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