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Introduction

In the last RAN4#90meeting, the work plan for 7-24GHz study was approved as guidance for further study. In this contribution, we want to share some initial considerations on BS TX requirement of 7-24GHz.   
Discussion
2.0 BS Architecture for 7-24GHz
Full digital beamforming vs hybrid beamforming:
Fully digital beamforming is more preferred if operating frequency is close to 7.125GHz as current highest frequency limit for FR1 band.

Hybrid beamforming architecture is more preferred if operating frequency is close to 24.25GHz as current lowest frequency limit for FR2 band; 

From network performance perspective, for the fully digital beamforming, multi-stream and multi-beam could be supported to further enhance the system performance if channel bandwidth is limited (e.g. less than 100MHz).

For the hybrid beamforming, in general single stream or limited stream are supported, in other words, large spectrum bandwidth is needed to guarantee the network performance. 

For 7-24GHz, to adopt the fully digital beamforming or hybrid beamforming is dependent on the available allocated spectrum bandwidth. Meanwhile spread delay of channel model in 7-24GHz should also been considered as this has direct relationship with the configurable SCS and maximum channel bandwidth per CC. 

Observation 1: for 7-24GHz, to adopt fully digital beamforming or hybrid beamforming architecture is dependent on the available allocated spectrum bandwidth. Meanwhile the configurable SCS for 7-24GHz should also been considered depending the spread delay of channel model.
Base station output power
2.1.1 Output power accuracy

Need to further investigate the power detection feedback accuracy and power adjustment accuracy. Meanwhile some aging factors for whole RF circuit should also be considered as power compensation is not accurate enough. 

2.1.2 EIRP accuracy/TRP accuracy 

This EIRP accuracy is mainly contributed by the power accuracy, antenna array/element accuracy, phase error as discussed in the AAS SI phase.

TRP accuracy is mainly contributed by power accuracy without antenna array/element accuracy and phase error. However due to higher operating freq range, the TRP accuracy requirement might be worse than FR1. 

2.2 Output power dynamics:

2.2.1 RE power control dynamic range:
The RE power control dynamic range requirement is mainly dependent on whether these kind of RE power control is essential or not for inter-celll interference cancellation. If the beamwidth for 7-24GHz is very narrow as assumed for FR2 freq range, then RE power control dynamic range requirement is not needed anymore as agreed in the FR2. 

2.2.2 Total power dynamic range: 

The total dynamic range requirement is mainly used to verify the transmitter noise floor performance and equal to 10*log10(NRB). therefore regardless of BS architecture, the total power dynamic range requirement is quite simple which is equal to 10*log10(NRB).
2.3 Transmit ON/OFF power 

2.3.1 Transmit OFF power 
From the implementation perspective, transit OFF power is mainly contributed by PA noise floor and some active signals from PCB board due to the poor shielding or circuitry isolation performance.  

From the system coexistence perspective, this transmit OFF power should not cause any performance degradation to RX transceiver and inter-site BS receiver. Therefore it’s essential to define the inter-site scenario to derive the transmit OFF power. 

2.3.2 Transient period requirement 

From the implementation perspective, ON/OFF transient period performance is mainly determined by the gate voltage of the power amplifier, this could be adjusted by retuning RC parameters . meanwhile this requirement is also related with TDD timing budget discussion where sync error, UE ON/OFF transient period, Tx&Rx switching time should be considered.   
2.4 Transmit signal quality

2.4.1 Freq error 

Freq error is mainly contributed by BBU timing accuracy and RRU CPPE recovery quality. Similar performance should be achieved for 7-24GHz as the authorized timing signal and signal recovery chipset should be the same. Here the performance of PLL or DDS of AAU is not considered. 

2.4.2 TAE requirement 

For NR TX diversity or MIMO or beamforming, Timing alignment error should be dependent on the residual timing error after antenna calibration. In addition, residual timing alignment error cannot cause big performance degradation. 

For intra-band contiguous CA, the orthogonality between component carriers should be considered, therefore if 

For intra-band non-contiguous CA, as component carriers could be transmitted by individual AAUs considering the operators’ deployment plan, from the implementation perspective, this TAE requirement is mainly determined by the timing alignment between different sites once the reference timing signal is lost, so it’s the same story for below 6GHz and above 24GHz, therefore 3us should be still kept for intra-band non-contiguous CA TAE requirement  

For inter-band CA, as component carriers are transmitted by individual AAUs in general, so the timing error between inter-sites could be considered. Compared with the existing FR1 and FR2 requirement, inter-band CA TAE requirement is the same. From the implementation perspective,    

2.4.3 EVM requirement 

In general, transmitter EVM performance is mainly determined by the following factors:

CFR distortion  

I/Q imbalance

DC leakage and phase noise 

PA non-linearity 

Regarding CRF distortion, compared with FR1 system, as waveform for 7-24GHz is not expected to change, in other words, the PAPR performance could be similar as FR1. therefore the CFR distortion should be similar as FR1. 

Regarding the I/Q imbalance, the absolute amplitude and phase variation between I/Q branches should be the same for 7-24GHz and FR1 we think. However as signal power itself should be reduced as higher operating freq, lower the breakdown voltage, therefore I/Q imbalance is still higher compared with FR1. 

Regarding DC leakage and phase noise, according to the Leeson formula, if operating frequency point is doubled, then phase noise should be increased by 6dB, therefore compared with FR1 and FR2, phase noise should become worse than FR1 and still better than FR2. 

Regarding PA non-linearity, as much higher operating frequency, PA non-linearity could be worse as lots of RF distortion is hard to control. 

Based on above understanding that, QPSK, 16QAM and 64QAM could still be supported with the existing requirement, however for 256QAM for 7-24GHz should be further studied. 

2.5 Adjacent channel leakage power 

ACLR performance for base station is mainly dependent by the PA non-linearity, mixer non-linearity and signal modulation type. In the transmitter chain, in the general close loop DPD should be implemented to guarantee the linearity of whole transmitter chain or end-PA. Following is the formula on how to derive the ACLR requirement based on the parameters:  

ACLR=2[(P-3)-OIP3]+C

Where C is corrections factors for multicarrier configuration. 

      P is the input power of power amplifier;

For 7-24GHz, P is expected to be lower than FR1 due to lower breakdown voltage and meanwhile OIP3 should be also be updated according to the PA declared parameters.  

2.6 Operating Band Unwanted Emission Mask 

Regarding the unwanted emission mask, this mask next to carrier edge should be depend on the end-PA non-linearity metric,CFR and DPD calibration in the transmitter chain. For the in-band spurious emission, this spurious emission level should be mainly determined by the noise floor of DAC and IQ noise floor amplified in the transmitter chain. Meanwhile the noise floor of power amplifier and duplexer will also contribute to the in-band spurious emission. 

Meanwhile the deltaf_UEM should be determined by the necessary filter attenuation and reasonable filter size. Regarding the filter type, it’s PCB based or ceramic based or cavity based, it should be dependent on the BS architecture. However this type will not be reflected in the spec. 

2.7 Transmitter spurious emission 

For the general spurious emission, it maybe need to follow the ITU regulation and meanwhile some regional requirement for protecting the existing wireless service should be considered as other category spurious emission requirement. 
For the other spurious emission, if the base station is co-located with other Base stations, then similar requirement should be reused .

2.8 Transmitter intermodulation 

For the transmitter intermodulation, it mainly depends on the supported minimum channel bandwidth within that specific band, the overall intermdulation results should be still within unwanted emission mask. Therefore it’s essential to define the supported channel bandwidth for potential bands in the future and UEM. 
Conclusions
In this contribution, we share some overviews on BS TX requirement for 7-24GHz. 
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