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1. Introduction
RAN Plenary #75 approved a new WID for NR [1]. The WID included an attached which had list of bands and frequency ranges. In the list, there was a range 3.3-4.2 GHz mentioned with many supporting companies (14). The range is very wide and we discussed the relative bandwidth for this range in RAN4#82 [2]. In this paper, we discuss challenges in supporting this range.     
2. Discussion

The relative bandwidth for full range is 24.17 % [2] which is even less that B46 (14.02%) and for B46, BS spec defines sub bands for implementation reasons. In out paper, we brought the concept of sub bands also for UE. In the following, we discuss the challenges further.

2.1. PA Efficiency

One big concern is how to maintain sufficient PA efficiency over the full bandwidth. The PA efficiency is a function of matching circuits tuning and perfect tuning can be only achieved at one frequency and other design criteria’s like sufficient gain must be considered. One known technique to widen the frequency range is to offset different parts of the matching networks so that they peak at different frequencies. This results in sub-optimal peak performance everywhere and there may be other problems if PA gain is very wideband. It may result in to added out of band rejection requirements for the TX filter to protect other bands from TX noise which will then impose more in band losses. In this case, the sub-optimal performance will lead to severe system thermal problems especially at the edges of the frequency band. 
Observation1: 3.3 – 4.2 GHz band can not be supported with one PA in handheld device assuming uniform requirements across the frequency range
2.2. Max Pout relaxation at the edges

Possible mitigation technique for the performance droop would be to allow maximum power relaxation at the edges, in similar way that what is allowed in LTE for bands 2, 3, 7, 8, 12, 20, 22, 25, 26 and 41. For those bands, this is only for edge 4 MHz and it is there for other reasons but in this case we could allow relaxation to much higher value, e.g. up to 100 MHz or it could have two stages as drawn in Figure 1. If this is feasible way forward, the exact values and amount should be studied further.
Observation2: Relaxing maximum output power at the edges may support feasible implementation of one band for 3.3 – 4.2 GHz
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Figure 1 Conceptual diagram of max power reduction (a)  and sub-band concept (b)

2.3. Sub-band approach
One way to solve the problem but still build support for the one band is the mentioned [2] sub band approach. This way we can optimise the PA and filters for lower relative BW, for 14.12 % and 15.43% which is still quite challenging but possible.  In Figure 1 we introduce the concept and in Figure 2 we show a measurement results for NR PA optimised for lower part. This PA can provide for sufficient efficiency to enable feasible implementation for NR radio device.
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Figure 2 Measurement result for 3.5 GHz Low band NR PA 

Obervation3: Splitting the frequency range in to two parts is feasible 
For this frequency range, in order enable implementation, our proposal is to at minimum define two sub bands.

Proposal1: If one band will be defined for frequency range 3.3-4.2 GHz, at minimum, two sub bands will be defined 

2.4. Reference architecture and discussion on impact to other features
In should be noted that sub-band approach does not solve all the problems since it will require more complexity and added parts to the front end creating more losses. The switch loss at 3.5 GHz is notable, we should prepare for 0.8 dB loss and in addition there is additional routing due to new components.
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Figure 3 Reference architecture for 3.5 GHz one band (a) and sub-bands (b) options.

For NR, we are working towards UL-MIMO and more advanced features like 4 TX SRS capability that will complicate front end even further and impose further losses. At 3.5 GHz frequency the losses are bigger than at lower frequencies and it should be understood that the loss itself is not the problem but the impact it has to the rest of the circuitry. In Table 1 we tabulate the simple FE loss calculation and power lost to heat because of FE losses.
Table 1 Power loss in FE circuitry

	Component
	Loss [dB]
	PC3
	PC2

	
	
	Power [dBm]
	Thermal power [W]
	Power [dBm]
	Thermal power [W]

	Antenna
	 
	23
	 
	26
	 

	Trace
	0.2
	23.2
	0.009
	26.2
	0.019

	Switch
	0.8
	24
	0.042
	27
	0.084

	Trace
	0.2
	24.2
	0.012
	27.2
	0.024

	Filter
	1.3
	25.5
	0.092
	28.5
	0.183

	Trace
	0.2
	25.7
	0.017
	28.7
	0.033

	TX/RX Switch
	0.8
	26.5
	0.075
	29.5
	0.150

	Trace
	0.2
	26.7
	0.021
	29.7
	0.042

	Total
	3.7
	 
	0.268
	 
	0.535


The power loss especially in HPUE case is 0.5 W because of front end losses. Let us remind that nominal output RF power for PC3 device is 200 mW and for PC2 device is 400 mW so more power is lost in FE only than ever gets out from the device. This is rather severe and device mechanics must be design to dissipate the heat somewhere.

Intraband CA, contiguous or non-contiguous is not possible over the sub-band boundaries since it would require overlapping frequency support from power combiner (Switch in Figure 3) and in this case, added power loss is > 3 dB. This should be quite straight forward to define once the sub-band boundaries are agreed. The spec should have note indicating this limitation.

Observation3: Added complexity due to sub bands creates new problems in thermal design of hand held UE
2.5. Protection to other bands

Not only PA bandwidth is problematic for the full 3.3 – 4.2 GHz band.  The TX and RX filters need to have relatively large passband and then stopband rejection is needed to protect the existing LTE bands below 2.7 GHz and new NR band above 4.4 GHz. The bands are drawn in to the Figure 2. 

For LTE bands, we would assume normal UE-to-UE co-existence requirements apply i.e -50 dBm / MHz emissions and for the band above 4.4 GHz the assumption is to meet same value. Since this is new band, RAN4 can discuss what is appropriate value based on filter feedback.    

2.6. Other aspects of sub-band approach

In addition to electrical drawbacks, with sub-bands there is commercial and application size aspects. It is unlikely that PA cost will be half of what it is for a PA that would support full band. 
2.7. Two Separate Bands

We would also like to understand motivation for this sub-band approach. The reason for defining two sub bands is that one contiguous band is not feasible with any realistic components but the support has to be build with separate components. Then, requirements has to allow certain limitations due to separate paths which are quite similar to what would exist if there would be two different bands defined and support for both in same UE would be mandated by conformance requirements. 
The only advantage with this sub-band approach is that population of UEs with NR 3.5 GHz band support would be larger and especially operators with less subscribers can leverage economies of scale driven by larger operators. This would have no difference if two separate bands would be defined and then mandatory support for both would be noted in the conformance requirements. 
Observation4: There is no difference in end result if RAN4 defines one band with two sub-bands or two separate bands with mandated support for both

Our worry is that some high volume business cases will drive dedicated implementations anyway and then just to meet conformance, additional HW and engineering work is needed even if that other sub band is never used in the device. So we are not in favour of embedding device support requirements in to minimum conformance requirements and therefore propose that RAN4 studies the benefits between sub band approach and two separate bands.   
Proposal2: RAN4 should study benefits between two possible approaches: splitting one band in to two sub bands and defining two seprate bands

3. Conclusion
We discussed feasibility of frequency range 3.3-4.2 GHz and made two observations:
Observation1: 3.3 – 4.2 GHz band can not be supported with one PA in handheld device assuming uniform requirements across the frequency range

Observation2: Relaxing maximum output power at the edges may support feasible implementation of one band for 3.3 – 4.2 GHz
Based on observations, we made one proposal

Proposal1: If one band will be defined for frequency range 3.3-4.2 GHz, at minimum, two sub bands will be defined 
We further analysed sub band approach. 
Observation3: Added complexity due to sub bands creates new problems in thermal design of hand held UE
Observation4: There is no difference in end result if RAN4 defines one band with two sub-bands or two separate bands with mandated support for both
We also made one proposal regarding sub band and two separate band band approach:

Proposal2: RAN4 should study benefits between two possible approaches: splitting one band in to two sub bands and defining two seprate bands
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