[bookmark: _GoBack]3GPP TSG RAN WG1 #101-e	R1-2003813
e-Meeting, May 25th – June 5th, 2020

Agenda item:		8.1.3
Source:	Nokia, Nokia Shanghai Bell
Title:		Performance of existing DL NR waveform at beyond 52.6 GHz
Document for:		Discussion and Decision
Introduction
[bookmark: _Hlk510705081]The study item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#86. Before that, 3GPP RAN studied requirements for NR beyond 52.6GHz up to 114.25GHz, potential use cases and deployment scenarios, and NR system design requirements and considerations on top of regulatory requirements [2]. 
This contribution discusses the ability of the existing DL waveform to support operation between 52.6 and 71 GHz. Specifically, we consider the licenced band use case with a desire to reuse the same sites as mmWave radios operating on FR2.
System performance
Licenses bands offer the opportunity to operate with a higher EIRP and thus improve the overall system performance at inter-site distances similar to those at FR2. To illustrate the advantage of higher EIRP the spectral efficiency was evaluated for UMi outdoor deployments for various bandwidths—100 MHz, 400 MHz, 800 MHz and 2160 MHz—and different intersite distances—100m, 200m and 300m.  For all these deployment scenerios, the sector and cell edge spectral efficiency were compared for both a 40 dBm EIRP limit and a 60 dBm EIRP limits and are captured in Figure 1 below.
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Figure 1 Sector and cell edge spectral efficiency at higher EIRPs
  
In all cases, there is a clear advantage in cell edge and sector spectral efficiency for a higher EIRP.  The advantage of higher EIRP is greater for both larger operating bandwidths and increasing intersite distance.  For bandwidths of 800 MHz the sector spectral efficiency is 3X larger with an ISD of 200m and 300m.   For an operating bandwidth of 2160, the sector spectral efficiency is 3X larger for all ISDs simulated.  At a 300m ISD, the sector spectral efficiency is improved by a factor of 3X for all operating bandwidths.  Moreover, the cell edge spectral efficiency is improved by 6X at both 800 and 2160 MHz bandwidths, but sees a gain at all bandwidths.  Thus, unlike unlicensed bands where the EIRP is limited, licensed bands can achieve greater spectral efficiency with high EIRP at ISDs that are similar to FR2. 
Observation 1: Higher EIRPs provided for license bands increase the sector spectral efficiency and cell edge spectral efficiency.
Observation 2: Higher EIRPs provide a greater improvement for the increasing operating bandwidths that are available at 60 GHz
Observation 3: Higher EIRPs provide a greater improvement for larger ISDs at all operating bandwidths
Proposal 1: NR above 52.6 GHz should study solutions for low-complexity implementations at high EIRP allowing for more spectrally efficient systems at larger ISDs and greater operating bandwidths.
 
Coverage and power consumption
In the licenced band operation at 66-71 GHz, there is a desire to reuse the same sites for mmWave radios operating on FR2. However, the path loss difference between carrier frequency of 28 GHz and 71 GHz is approximately 9 dB (UMi). Furthermore, the achievable PA output power per technology tends to decrease as a function of carrier frequency as shown in Figure 1. E.g. assuming CMOS or SiGe, there is ~3 dB drop in Psat (dBm) from 28 GHz to 71 GHz.
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[bookmark: _Ref32497278]Figure 2 Saturated Output Power vs Carrier Frequency ([3]).

Observation 4: There is a desire to reuse the same sites for mmWave radios operating on FR2 and licenced bands beyond 52.6 GHz
Observation 5: For the same coverage, 71 GHz carrier frequency requires 9 dB higher EIRP compared to 28 GHz 
[bookmark: _Hlk31714758]Observation 6: PA output power decrease approximately by 3 dB from 28 GHz to 71 GHz
A typical EIRP for today’s gNB operating in 28 GHz is 60dBm. A typical implementation is silicon based phased array consisting of 256 antenna elements. The antenna array has 28 dB gain resulting in a transmit power requirement of 6 mW per element for a total transmitted power of 32dBm. The combination of 32dBm electronic gain and 28dB antenna gain meets the 60dBm EIRP. For silicon based chips the expected Power Added Efficiency (PAE) is roughly 4%, which means that such an array will need approximately 40W of DC input power. 
[bookmark: _Ref31284023]In order to achieve the same coverage at 71 GHz it would require 69 dBm EIRP because of the higher path loss. Furthemore, when taking into account the 3 dB PA output power decrease, the 69 dBm EIRP at 71 GHz requires 1024 elements transmit array. The antenna array has then 34 dB gain resulting a transmit power requirement of 3 mW per element for a total transmitted power of 35 dBm. The combination of 35 dBm transmission power and 34 dB antenna gain meets the 69 dBm EIRP. Such an array would need at least 160 W of DC input power because of the lower PAE at 71 GHz carrier frequency. More efficient technology exist (SiGe, GaAs, and GaN) but the cost generally scales with performance.
Observation 7: With silicon based phase array, operation at 71 GHz carrier frequency requires approximately 4X more antenna elements for the same coverage areacompared to 28 GHz scenario. This means that DC power consumption is at least 4X higher compared to 28 GHz array.
When considering all of the above observations, the power efficiency should be improved in order to support reuse of the same sites with FR2 with a reasonable hardward cost. The poor output power and linearity of power amplifiers are the bottlenecks, as ~10 dB back-off is typically needed to meet error-vector-magnitude (EVM) and adjacent channel leakage ratio (ACLR)/emission requirements. This limits the communication range and PAE. The poor PAE is due to high PAR of OFDM waveforms and the limited digital predistortion capability of phased arrays. Lower PAR can be achieved by SC waveforms meaning the power amplifiers can be driven with smaller back-off and hence generating a higher transmit power and better PAE. Further, SC yealds even better link performance in beyond 52.6 GHz scenarios because it’s significantly more robust to phase noise than OFDM [3]. Thus, SC waveform could be more economical solution than OFDM for lisenced band scenarios above 52.6 GHz. Based on that, we propose that DL SC waveform needs to be considered for licenced bands scenarios beyond 52.6 GHz
Observation 8: Power efficiency should be improved in oder to reuse the same sites with FR2 with a reasonable hardware cost.
Observation 9: The poor output power and linearity of power amplifiers are the bottlenecs due to high PAR of OFDM waveform, and limited digital predistortion capability of phased array
[bookmark: _Hlk31800753]Observation 10: SC waveforms allow for smaller power amplifier back-off and hence generating a higher transmit power and better efficiency
Observation 11: SC waveform is more economical solution than OFDM for lisenced bands beyond 52.6 GHz
Proposal 2: SC DL waveform needs to be considered for licenced band scenarios beyond 52.6 GHz
As discussed above 4x larger array in terms of number of antenna elements would be needed to support the same coverage at 71 GHz than at 28 GHz. 4x larger array and the same targeted spatial sector to be filled with the beams means basically 4x more beams needed as 3dB beamwidth decreases as a function of antenna elements per dimension (azimuth, elevation).[footnoteRef:2] Regarding the number of SSBs, to support similar coverage at above 52.6 GHz as at FR2 for licensed use cases, max number of SSBs may need to be increased from 64. [2:  The 3dB beamwidth of a phased array with dipole antenna elements spaced at one-half wavelength is determined per dimension (azimuth or elevation) by the formula: beamwidth = 102/N [degrees], where N is the number of antenna elements in the array per dimension (azimuth or elevation), and the beamwidth is in degrees.] 

Observation 12: To support similar coverage at above 52.6 GHz as at FR2 for licensed use cases, max number of SSBs may need to be increased from 64.
Proposal 3: Support more than 64 SSBs at least for licensed use cases at above 52.6 GHz.
Conclusion
In this contribution we have discussed the ability of the existing DL waveform to support operation between 52.6 and 71 GHz. Based on the discussion and results, we make the following observations and proposals:
Observation 1: Higher EIRPs provided for license bands increase the sector spectral efficiency and cell edge spectral efficiency.
Observation 2: Higher EIRPs provide a greater improvement for the increasing operating bandwidths that are available at 60 GHz
Observation 3: Higher EIRPs provide a greater improvement for larger ISDs at all operating bandwidths
Observation 4: There is a desire to reuse the same sites for mmWave radios operating on FR2 and licenced bands beyond 52.6 GHz
Observation 5: For the same coverage, 71 GHz carrier frequency requires 9 dB higher EIRP compared to 28 GHz 
Observation 6: PA output power decrease approximately by 3 dB from 28 GHz to 71 GHz
Observation 7: With silicon based phase array, operation at 71 GHz carrier frequency requires approximately 4X more antenna elements for the same coverage areacompared to 28 GHz scenario. This means that DC power consumption is at least 4X higher compared to 28 GHz array.
Observation 8: Power efficiency should be improved in oder to reuse the same sites with FR2 with a reasonable hardware cost.
Observation 9: The poor output power and linearity of power amplifiers are the bottlenecs due to high PAR of OFDM waveform, and limited digital predistortion capability of phased array
Observation 10: SC waveforms allow for smaller power amplifier back-off and hence generating a higher transmit power and better efficiency
Observation 11: SC waveform is more economical solution than OFDM for lisenced bands beyond 52.6 GHz
Observation 12: To support similar coverage at above 52.6 GHz as at FR2 for licensed use cases, max number of SSBs may need to be increased from 64.

Proposal 1: NR above 52.6 GHz should study solutions for low-complexity implementations at high EIRP allowing for more spectrally efficient systems at larger ISDs and greater operating bandwidths.
Proposal 2: SC DL waveform needs to be considered for licenced band scenarios beyond 52.6 GHz
Proposal 3: Support more than 64 SSBs at least for licensed use cases at above 52.6 GHz.
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