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1. Background
In RAN4 #82-bis, the way forward on 28GHz spectrum was approved in R4-1704217 [1]. Two proposals were set forth:
· Proposal 1 : 24.25 - 27.5GHz  , 26.5 - 29.5GHz
· Proposal 2:  27.5 GHz – 28.35 GHz 
It was decided that “Based on technical inputs, RAN4 will decide one option between below two options by RAN4 #83
· Option 1 : proposal 1 only 
· Option 2 : proposal 1 & 2
This contribution presents technical input in support of Option 1. Specifically, we present datasheet details from known amplifiers to show that the increased bandwidth does not have detrimental effect on the efficiency performance.


2. Efficiency values of known Amplifiers
Amplifier efficiency is a key aspect of a commercial mobile system because it determines mobility and battery life. It is therefore necessary to evaluate the effect the operation bandwidth when defining cellular frequency bands at 28GHz. We are going to present the efficiency in terms of Power Added Efficiency (PAE) at saturation of 4 amplifiers that operate at the 28GHz band and have different operational bandwidths. To keep it simple we are only going to present GaAs pHEMT technology amplifiers because the efficiency is mostly linked to the IC technology more than anything. These amplifiers have been presented in a previous contribution [2] but in that one only forward gain and other S-parameters were analysed. The datasheet of each amplifier are available online and are referenced in [3], [4], [5] and [6]. The following table summarizes some key parameters of these amplifiers as it pertains to their efficiency performance.

Table 1. Efficiency of GaAs Amplifiers at 28GHz with differing BW
	Amplifier
	Type
	Technology
	Operation  Band
	Bandwidth
	PAE at Psat

	Qorvo QPA2628 [3]
	LNA
	GaAs pHEMT 90mm
	22-32GHz
	10GHz
	30%  @23dBm (28GHz)

	Analog Devices HMCC943A [4]
	PA
	GaAs pHEMT
	24-31.5GHz
	7.5GHz
	23% @33dBm

	Macom MAAP-011246 [5]
	PA
	GaAs pHEMT
	27.5-31.5GHz
	4GHz
	24% @23dBm

	Analog Devices HMC752LC4 [6]
	LNA
	GaAs pHEMT
	24-28 GHz
	4GHz
	22.5% @16dBm




3. Power Amplifier Efficiency and Matching Circuit
For small bandwidth considerations for Power amplifiers, the critical design aspect and the one most important is in regard to the output matching network. To keep things simple, let’s assume the simplified circuit in Figure 1.



Figure 1. Simplified power amplifier output network schematic with load resistance and matching network resistance.

In figure 1, the load resistance is marked as RL and the matching network resistance with Rm. Typically, the matching element consists of inductor elements and the resistance depicted in figure 1 relates to the ohmic resistance of that element. Therefore, if we assume that the resistance needed for the matching circuit is 1 Ohm for a 1GHz bandwidth, which is very conservative for 28GHz since the Q required is 28 (=28GHz/1GHz) and those are borderline values for the passives on GaAs at these frequencies, then the efficiency of that design (assuming everything else being the same) would be 50Ohm/(50Ohm+1Ohm)=50/51. If we increase the BW to 3GHz then we need to reduce the Q by 3 and therefore increase the matching network resistance to 3Ohm. The efficiency now becomes 50/53 and the difference in efficiency between the two cases is 51/53=96%. Keep in mind that the 1 Ohm impedance is a very high number and at these frequencies the actual impedance needed is much lower, maybe 0.5 Ohm. In this case the difference would be even lower, 50.5/51.5=98%. 

Moreover, in the case where we have CMOS technology, the Qs achievable at Ka band are in the order of 10-15 and consequently a 3GHz bandwidth is the norm and achieving higher Qs is a large challenge. In the case where the maximum Q is below 28 for a given technology then 1GHz bandwidth cannot be achieved with the matching circuit only and is a big challenge.

Therefore the observation we can make is,

[bookmark: _GoBack]Observation 1: 	The bandwidth increase from 1 GHz (if possible) to 3 GHz in the 28GHz band, given the Q limitations, will, at most, decrease efficiency by 1 or 2 %.



4. Discussion
The amplifiers presented in Table 1 are from 3 different vendors, are all based on GaAs technology and operate around 28GHz. However, they all have different operation bandwidths and two are power amplifiers (PA) and two are low noise amplifiers (LNA). The purpose of this comparison is to demonstrate that a significant increase in operational bandwidth affects efficiency minimally. Unmistakably, looking at the two power amplifiers we notice that one has an operational bandwidth of 7.5GHz and another has an operational bandwidth of 4GHz. Nevertheless, their PAE at saturation only differ by 1% (23% and 24%, respectively). The LNAs, on the other hand, have different design criteria, giving emphasis on noise figure but again we can see that with differing bandwidths we have slightly better performance for the larger bandwidth case (30% versus 23%). This actually supports the proposal to use a larger band definition at 28GHz to improve LNA efficiency. Therefore, it is safe to categorically make the following observations:
 
Observation 2: 	The 11%, 3GHz channel bandwidth from 26.5-29.5GHz versus a 1GHz bandwidth has NO DETRIMENTAL EFFECT on the radio performance as far as Power Amplifier efficiency is concerned
and, 

Observation 3: 	An increase in LNA operation bandwidth may increase amplifier efficiency. Therefore defining the channel bandwidth from 26.5-29.5GHz is not expected to have an adverse effect on performance.
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