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1	Introduction
In this contribution base station RF technology aspects for 7-24 GHz are discussed. Starting from the base station types and architectures and also looking into RF performance aspects, we provide our views on this frequency range.
2	Discussion
2.1 	BS RF architectures
Currently RAN4 base station RF requirements are based on three different base station types:
· one with only conducted requirements
· hybrid with mostly conducted requirements but also some radiated requirements
· only radiated requirements
When we are moving higher in frequency, conducted requirements become less and less desirable. This happens partly because beamforming usage is more prevalent and BS RF performance is not as completely verified with only conducted measurements, and partly due to size restrictions. Sturdy and reliable connectors become more difficult to build when the available space is smaller. The breakpoint we see is in 10…12 GHz range, above which conducted requirements would be very impractical. We already have the OTA measurement framework in place and could extend it to 7-24 GHz range.
Proposal 1: At least radiated requirements are specified for full 7-24 GHz range for base stations.
2.2 	BS RF performance
2.2.1 PA performance
Regarding RF performance one of the most critical aspects is power amplified performance, which typically dominates the full transmitter chain linearity performance. Strong non-linearity has impact also on EVM performance. The linearity observed at the PA output depends greatly on usage of linearization techniques. Without linearization the performance is limited by the fundamental transistor-level analog performance, which can be greatly improved by digital correction techniques. This can be observed in current ACLR requirements for FR1 and FR2 which are 45 dB and 28/26dB, respectively.
Wider transmission bandwidths make linearization more complicated and simultaneously more resource intensive. Additionally size aspects play a role here: providing feedback lines back from PAs take a lot of area on PCB especially when large arrays are concerned. 
It should be also noted that digitally intensive correction may not be power efficient for low output power base stations. The possible breakpoint frequency also here lies in 10 GHz..12GHz range, as higher frequencies are more likely to have also wider Tx bandwidths, where linearization may not be anymore feasible. Above the breakpoint we have to rely on transistor performance, where the practical ACLR levels are very roughly around 28..35 dB. Linearity is a tradeoff with power efficiency. With higher power backoff it is possible to reach better linearity and therefore also better signal quality, i.e. lower EVM. 
Observation 1: Regarding PA linearity, FR1-like performance could be extended up to 10..12 GHz range, but transmissions bandwidths need to be taken into account also.
Observation 2: Above the 10..12 GHz breakpoint linearity is closer to current FR2. Better linearity means worse power efficiency and higher signal quality.
2.2.2 RF filters
The performance of RF filters degrades when going to higher frequencies. Transition bandwidths between pass- and stopband become naturally wider, and the effect is amplified by degradation of Q-value. Simultaneously the filter losses are increased. When the transmission bandwidths become very wide, using filters becomes less useful, as they have very limited help on co-existence capabilities.
At this point of time we see that FR1 filter technology could be utilized roughly up to 10..12 GHz, but it is clear that more work is needed to decide on the required transition from band and/or transmission edge to spurious emissions or out-of-band blocking range. 
Observation 3: More work is needed on filtering capabilities especially above 10..12 GHz.
2.2.3 Signal quality / EVM 
The EVM performance is typically dominated by non-linearity, phase noise and IQ-imbalance. IQ-imbalance impacting EVM occurs before and at first mixer, and we do not see it being anyhow limiting factor here. Regarding non-linearity without help from linearization, as discussed before, increased power back-off helps the power stage to operate in its linear region, i.e. the signal peaks are less compressed. The penalty to pay is lower power efficiency. 
Fundamentally phase noise performance gets worse for higher frequencies, but there are known design techniques to mitigate the issue. Wider frequency synthesizer frequency range degrades performance, but it is possible to use multiple VCO-cores to limit the tuning range required from a single VCO. In this case more silicon area results in better performance. Additionally, higher powered components typically provide better performance.
Also, there are already high-quality components available [1, 2, 3]. As an example, we have shown the phase noise at 15 GHz from [1] in Figure 1. A well-known approximation of phase noise impact to EVM is to integrate the single sideband phase noise power and add 3 dB due to SSB-to-DSB conversion. For the SSB phase noise curve in Figure 1 this result is -45.5 dBc.
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Figure 1: Closed-Loop Phase Noise of TI LMX2595 at 15 GHz from [1].
When it comes to handheld or other small battery powered devices, an example of phase noise performance is provided in [4]. It quotes -34.6 dBc EVM for 28 GHz band, and according to Leeson’s equation the performance is better at lower frequencies. The phase noise is shown in Figure 2.
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Figure 2: Phase Noise performance from [4].
From these results it can be seen that phase noise performance is not limiting the performance and allows for large signal quality degradations coming from other sources. 
The results here are more applicable for use cases where high bitrate is required. We see that there is room also for designs which aim at high power efficiency and may not support highest modulation orders (e.g. 256QAM). 
Observation 4: Phase noise performance does not prevent support for high bitrate use cases where 256QAM is used. 
Proposal 2: In order to support various deployment scenarios, DL 256 QAM support shall be included. 
Based on the discussed BS RF technology aspect we see that practically all aspect have a major divider in 10..12 GHz range, and it is more difficult to find differences either below or above this breakpoint. Considering the foreseeable advances in technology before product implementations are required for these frequencies, we prefer to set the breakpoint at the upper end of this range.
Proposal 3: RAN4 to consider continuing the study with only 2 frequency ranges: 7 to 12 GHz and 12 to 24 GHz.
3	Conclusion
In this contribution we discussed the base station RF technology aspects for 7-24 GHz and made the following observations and proposals.
Observation 1: Regarding PA linearity, FR1-like performance could be extended up to 10..12 GHz range, but transmissions bandwidths need to be taken into account also.
Observation 2: Above the 10..12 GHz breakpoint, linearity is closer to current FR2. Better linearity means worse power efficiency and higher signal quality.
Observation 3: More work is needed to decide on filtering feasibility especially above 10..12 GHz.
Observation 4: Phase noise performance does not prevent support for high bitrate use cases where 256QAM is used. 
Proposal 1: At least radiated requirements are specified for full 7-24 GHz range for base stations
Proposal 2: In order to support various deployment scenarios, DL 256 QAM support shall be included. 
Proposal 3: RAN4 to consider continuing the study with only 2 frequency ranges: 7 to 12 GHz and 12 to 24 GHz.
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Figure 3. Closed-Loop Phase Noise at 15 GHz





image2.png
L [dBelHz]

100
110

120
130

140

150

Shge nstance
= = Gombined outputs, consiared DSMs
| s outouts, cucorlaed DM

0

100

10° 107 10°
f[Hz

10°




