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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 performance metrics of a typical RF front end with existing and utilized in a number of RF units components.


2. 28GHz Front End Evaluation Board Measurements with 800MHz bandwidth
In this contribution we present  a typical 5G RF front end solution with commercially available off-the-shelf components some of which were presented in [2] and repeated here. The RF chain used will be analysed and EVM measurements will be presented. The individual component performance is presented first. The RF chain is given in Figure 2-1.
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Figure 2-1: Typical transmitter RF front end architecture potentially used for 5G RF units without a limiting RF filter.

2.1 Upconverter/Mixer
The IQ mixer with a frequency double was used for the up conversion. The electrical specifications are presented in Figure 2-2 and the data sheet is shown in [3].
[image: ]
Figure 2-2: Electrical Specifications for the mixer [3].


2.2 Power Amplifier
The power amplifier (PA) used in this implementation covers the band from 27GHz to 31GHz as stated on the datasheet, [4], but from the S-parameters re-produced in Figure 2-3 the PA can evidently operate within 26.5GHz- 29.5GHz with nominal performance.
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Figure 2-3: S-Parameters for the Power Amplifier, from [4]
2.3 Band Pass Filter: 3dB Attenuator
For the band pass filter a 3dB attenuator was used at the time of measurement because the custom BPF was not yet available.

2.4 Combined EVM Measurements
Figure 2-4 shows the measured EVM for the RF front end depicted in Figure 2-1 with the components presented above. The signal used was limited at 800MHz but there was no RF filter (only simulated using a 3dB attenuator). The average measured EVM is -25.4dB or 5.3%. It is noted that this is not an over the air (OTA) measurement. For reference, typical OTA EVM measurements have a similar value between -25dBm and -26dBm using 800MHz LTE-like signal and an RF filter. In more recent measurements the EVM is at a similar level with a non-OTA measurement and 800MHz signal but without a filter. The above comparisons lead to the following observation.

Observation 1: 	The EVM performance with or without a RF band pass filter have been measured to be very close with each other. The existence or not of a band pass RF filter did not deteriorate the EVM performance in the range from 26.5GHz to 29.5GHz.
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Figure 2-4: EVM measurements on the RF front end depicted in Figure 2-1 with fixed LO power at 4dBm and variable input power and PA biasing (varying output power).

3. Discussion
In this contribution we have presented measurements of a typical front end that can be deployed in possible 5G scenarios. The results show that without using a limiting RF filter the we have acceptable EVM results using an 800MHz wide signal that lead to the following observations.

Observation 1: 	The EVM performance with or without a RF band pass filter have been measured to be very close with each other. The existence or not of a band pass RF filter did not deteriorate the EVM performance in the range from 26.5GHz to 29.5GHz.
Therefore, 

Observation 2: 	It is expected that there will be no deterioration in throughput or range performance compared to existing published [2] results throughout the 26.5GHz – 29.5GHz band.

Additionally, in R4-1701070 [2] we had the following observation regarding receiver LNAs at 28GHz,

Observation 3: 	Feasibility for LNAs operating throughout the 26.5GHz – 29.5GHz band has been proven.

Moreover, in R4-1702815 [6] the following observations were noted, concerning path loss and range at 28GHz,

Observation 4: 	The increase in path loss due to the system bandwidth at 26.5GHz over 29.5GHz is 0.932dB.
Observation 5: 	Assuming constant efficiency and input power to the transmit antenna and also constant efficiency of the receive antenna, there is an increase in received power at 29.5GHz over 26.5GHz by 0.932dB.
Furthermore, in R4-1702816 [7], regarding mobile station antenna implementations, we showed that,

Observation 6: 	The antenna impedance bandwidth from 26.5GHz to 29.5GHz can easily be covered without loss of performance.
Observation 7: 	The antenna boresight gain variation from 26.5GHz to 29.5GHz can feasibly remain at low levels below 3dB throughout the band.
Observation 8: 	The antenna steered beam gain variation from 26.5GHz to 29.5GHz can feasibly remain at low levels below 3dB throughout the band.
Lastly, in R4-17xxxxx [8], regarding amplifier efficiency, we observed that,
Observation 9: 	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 %.
Observation 10: 	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, 

[bookmark: _GoBack]Observation 11: 	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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