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Introduction

In the last RAN4#81 held in Reno, US, the WF on how to determine ACLR/ACS from ACIR for WP5D was agreed in R4-1610621. In legacy study basically the BS ACLR was derived from ACIR with UE ACS, but in NR, it was identified that we need also to consider how to make balance between ACS of UE and ACLR of BS. Thus, in the WF, companies are encouraged to provide information on feasible UE ACLR/UE ACS and/or BS ACLR/BS ACS and it was agreed that the feasibility should be taken into account when determining the final ACLR/ACS value. 

----------------------- Start of the citation --------------------------

· Companies, especially UE venders and BS venders, are encouraged to provide information on feasible UE ACLR/UE ACS and/or BS ACLR/BS ACS
· ACLR and ACS for WP5D are determined taking into account following manner.
· Proposed ACLR/ACS should meet following:
· [1 / ( (1/ACLR) + (1/ACS) )] is equal to the determined ACIR.
· Feasibility provided by companies should be taken into account
----------------------- End of the citation --------------------------

This contribution provides our study result on the feasibility of BS ACLR and gives our proposal on the feasible BS ACLR value.
Discussion
 When studying the ACLR feasibility, whether to consider Digital Predistortion (DPD) as prerequisite and whether to take into account advanced power amplifier design techniques like Doherty amplifier are very important factors that need to be considered first. 
Whether to consider DPD as prerequisite?

For mmWave NR BS, it is a common sense that beamforming with large gain will be fundamental in order to compensate the significant propagation pathloss. Three different implementation for the beamforming operation has been identified, i.e., digital beamforming, analogue beamforming, and hybrid beamforming, as shown in Fig.1. 
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(a) Digital beamforming              (b) Analog beamforming            (c) Hybrid beamforming
Fig. 1 Transceiver architecture for beamforming operations

For LTE/LTE-Advanced, BS was designed with the assumption of baseband beam control, i.e., digital beamforming, and DPD has been great technology to improve the ACLR performance. For the mmWave NR BS, however, it may not be feasible to support full digital beamforming due to the cost of hardware implementation. In that sense, analogue beamforming or hybrid beamforming shall be considered, especially when considering the co-existence study. 
In case of analogue beamforming and hybrid beamforming, PAs following the same DAC share the same predistortion. The DPD can only works well for all corresponding PAs at the same time unless the characteristic variation among these PAs is negligibly small. This is challenging because PA’s characteristics depends not only on production variation, but also greatly on its operation environment like the temperature variation and voltage variation. In our understanding, DPD for analogue beamforming and hybrid beamforming has been studied academically but has not reached a practical level. 
Observation 1 It is not feasible to consider DPD as prerequisite when studying the feasibility of BS ACLR 
Whether to take into account advanced power amplifier design techniques?
It is well known that the PAE (Power Added Efficiency) of power amplifier is degraded with frequency. Some survay results are shown in Fig. 2. Thus, advanced techniques in RF Power Amplifier design to improve the PA power efficiency will be even more important for mmWave NR BS than LTE BS, in order to make the heat dissipation tolerable and the power consumption acceptable. Doherty power amplifier commonly used in LTE BS is expected to continue to play a signicant role for mmWave NR BS. 
Using the Doherty design enhances the PA power effiency, but on the other hand, degrades the PA linearity. Measured result of IM3 vs. Pout of a 13GHz 10W MMIC with/without Doherty design is demonstrated in Fig. 3. It can be seen from the figure that, compared with single-ended AB-class design, the Doherty design degrades the IM3 about 5dB. Empirically, ACLR is closely related to the IM3 and the relationship can be approximately  expressed as ACLR=IM3-(3~4dB). 5dB margin should at least be taken into account when studying the BS ALCR feasilibity. 
Observation 2 Advanced power amplifier design to improve the PA power efficiency is needed for mmWave NR BS

Observation 3 Using the advanced power amplifier design to improve the PA power efficiency degrades the PA linearity. 
Proposal 1 Linearity degradation due to advanced power amplifier design should be considered when studying the BS ACLR feasiblity 
Proposal 2 At least 5dB ACLR degradation margin for using advanced power amplifier design should be taken into account when studying the BS ALCR feasilibity
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(a) Results presented in [2] for various devices                   (b) Results presented in [3] for GaN HEMT                                                         
Fig. 2 Survey results of PAE of Power Amplifier

[image: image4]
Fig. 3 Measured IM3 vs. Pout of a 13GHz 10W MMIC with/without Doherty design

About the feasible BS ACLR value
To study the feasible BS ACLR value, we measured the IM3 of a 34dBm single-ended PA-MMIC working at 30GHz and the result is shown in Fig. 4 with different drain current condition. At 10dB backoff (24dBm), the best drain current condition to achieve the lowest IM3 is 50mA/mm and the corresponding IM3 is 32.5dB. The ACLR is supposed to be approximately equal to 36dB. Including 5dB ACLR degradation margin for using advanced power amplifier design results in a feasible ACLR=31dB.

In the last meeting, ACLR simulation results with a regular CP-OFDM input signal (without crest factor reduction) for 30GHz, 45GHz, and 70GHz was given in [2] and cited here in Fig. 5. The saturated output power (Psat) is 21.8 dBm and 33.8 dBm for the CMOS and the GaN power amplifier for 30GHz. At 10dB backoff, as can be seen from the figure, the ACLR is about 37.5dB for both CMOS and the GaN power amplifier. Including 5dB ACLR degradation margin for using advanced power amplifier design results in a feasible ACLR=32.5dB, which is very close to the feasible value obtained from our measurement results. 

[image: image5]
Fig. 4 Measured the IM3 of a 34dBm single-ended PA-MMIC working at 30GHz
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Fig. 5.  Simulation of CMOS and GaN power amplifier models showing ACLR 
as a function of output power for three different frequencies, given in [2]
Proposal 3 The feasible BS ACLR level for example frequency range of 30GHz is 31dB
Regarding the feasible BS ACLR level of 45GHz and 70GHz, we consider the observations in [2] about the ACLR degradation from 30GHz is reasonable.

Proposal 4 The feasible BS ACLR level for example frequency range of 45GHz and 70GHz is 28dB and 25dB, respectively.
Conclusion

This contribution studied the feasible BS ACLR level for WP5D and has the following observations and proposals
Observation 1 It is not feasible to consider DPD as prerequisite when studying the feasibility of BS ACLR 
Observation 2 Advanced power amplifier design to improve the PA power efficiency is needed for mmWave NR BS

Observation 3 Using the advanced power amplifier design to improve the PA power efficiency degrades the PA linearity. 

Proposal 1 Linearity degradation due to advanced power amplifier design should be considered when studying the BS ACLR feasiblity 

Proposal 2 At least 5dB ACLR degradation margin for using advanced power amplifier design should be taken into account when studying the BS ALCR feasilibity
Proposal 3 The feasible BS ACLR level for example frequency range of 30GHz is 31dB
Proposal 4 The feasible BS ACLR level for example frequency range of 45GHz and 70GHz is 28dB and 25dB, respectively.
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