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Introduction
Peak EIRP requirement of UE for outdoor (UMa and UMi) and indoor (InH) cases were presented in [1]. In short, the message was that 35dBm EIRP in boresight would be necessary to have a NLOS channel range of 200m and 150m at 28GHz and 39GHz respectively. This, in-turn, with stated 5dB post-PA losses, result in P1dB of more than 22dBm of each PA in an architecture where each patch antenna is fed by 1 PA in each polarization. Although this high-power PA can be noted in literature and also product, it puts burden on other antenna module parameters of the UE. mmW NLOS is channel noise limited and an improvement of NF of basestation would improve UL channel quality significantly. From our studies it may be stated that basestation NF at 28GHz can be limited to 6dB and thus pressure on P1dB Tx chain may be relaxed. In this paper, the focus is to attempt to derive peak and a range of EIRP of UE that may be feasible to be demonstrated.
Goal
Following are the primary goals of this effort are to derive realistic values of following – 
1. Feasible peak EIRP of 1 antenna module.
2. EIRP degradation of 1 antenna module with respect to scan angle.
Simulation, Assumptions and Results
The following are the working assumptions for deductions made in this paper –
1. Same as that stated in R4-1800944 unless stated otherwise in following enumeration.
2. Noise Figure of basestation is 6dB.
3. Antenna array gain of UE would be stated for boresight and high scan angles.
Figure 1 shows radiation pattern of single patch in 28GHz spot frequency. The design has been done with commercially available high frequency laminate with low loss tangent. The gain of the element is calibrated at 3mm from feed point. From the plots it may be inferred that while gain in boresight can be as high as 6dB, it rolls-off to 3dB at +/- 50deg elevation angles. At 39GHz, although 5.7dB gain is achievable in boresight the beamwidth, and effectively field of view, reduces to +/-25 deg. This is shown in figure 2. The author acknowledges that the beamwidth at 39GHz may be further optimized but it would be at the expense of the same at 28GHz. For this study, it is assumed the shown figures are baseline assumptions of antenna pattern in this paper. This patch has been used in a 2x2 rectangular and 1x4 linear array configurations to evaluate effective EIRP in boresight and in high scan angles in Tx mode of UE.
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Figure 1: Radiation pattern of 1 patch at 28GHz while scanning in theta direction. The stacked traces show the same at various phi (-180deg to 180deg)
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Figure 2: Radiation pattern of 1 patch at 39GHz while scanning in theta direction. The stacked traces show the same at various phi
Figure 3 and 4 show beam patterns of 2x2 and 1x4 array in boresight and high scan angles. Figure 3a shows a peak gain of 10.5dB in boresight and gain of 9.5dB at 20deg elevation angle. In figure 3b, it is shown that, while scanning a field-of-view of +/- 45deg with highest scan angle, the array gain drops to 9dB at 45deg. This array results in 1.5dB gain variation (without tapering) from boresight to maximum scan angle of 35deg in a field of view of +/- 45 degree. This variation would be consistent in both elevation and azimuth planes because the beam is symmetrical in both directions. Further increase in scan angle and field of view would result in degradation of array gain. For this discussion, the scope of field of view and scan angle are assumed to be limited to above numbers.
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Figure 3a: Radiation pattern of 2x2 patch antenna array in boresight
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Figure 3b: Radiation pattern of 2x2 patch antenna array in 35deg scan angle (while covering 45deg field of view) in elevation plane
Observation 1: Gain of a 2x2 array has a range of 1.5dB with peak gain in boresight being 10.5dB
Figure 4a shows radiation pattern of 1x4 array in boresight. This asymmetric beam has peak array gain of 10dB in boresight while it drops to 9dB at +/- 45deg in theta plane with phi unchanged. The beamwidth of the array in elevation and azimuth planes are +/-45 deg and +/5 deg respectively. In figure 4b, 9dB array gain is seen at 35deg scan angle in azimuth plane. Beamwidth of the array changes to +/- 10 deg and +/-40 deg in azimuth and elevation planes respectively. The above translate to, maximum field of view of +/- 40 deg  and +/- 45 deg in azimuth and elevation angles. Like 2x2 array, further increase of scan angle in a larger field of view would result in greater variation of antenna array gain.
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Figure 4a: Radiation pattern of 4x1 patch antenna array in boresight
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Figure 4b: Radiation pattern of 4x1 patch antenna array in Radiation pattern of 4x1 patch antenna array in 35deg scan angle (while covering 45deg field of view) in elevation plane
Observation 2: Gain of a 1x4 array has a range of 1dB with peak gain in boresight being 10dB
The above input on variation of antenna array gain is fed to Tx system simulator with where basestation NF is 6dB and P1dB of each PA are 18dBm (case 1) and 14dBm (case 2). Post-PA losses are estimated to be 4.5dB consisting of loadline mismatch loss of 1dB (estimated from simulation), antenna feed loss of 1dB (estimated from simulation) and case/plastic loss of 2.5dB (observed from figures quoted by various companies). Based on these assumptions and simulations table 1 summarizes estimated range that a NLOS channel may sustain with pi/2 BPSK, 16QAM and 64QAM modulations in DFT-s-OFDM signal. The table considers EIRP in boresight of UE with 2x2 array. Effect of lower EIRP with high scan angles on range is shown subsequently. The range is derived from SNR which is calculated from mmW 5G channel model of 3GPP. A single antenna module in boresight would have 35%, 40% and 55% more range with 30dBm peak EIRP UE as compared to that with 26dBm.



Table 1: Range in NLOS channel with various modulations for 30dBm and 26dBm boresight EIRP
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Observation 3: 30dBm peak EIRP UE with 18dBm P1dB PA would deliver UMa use case.
Figure 5 shows degradation of range of NLOS channel with respect to boresight vision, 40deg scan angle for a 30dBm and 26dBm peak EIRP antenna module in UE when various modulation depths are considered. It may be observed that although degradation of array factor in 40deg scan angle leads to loss in channel range, impact of low EIRP is far more on the same. For example, in pi/2-BPSK modulation, which is application in cell edge scenario, range loss due to 4dBm lower EIRP is 3 times than that due to high scan angle. This factor of 3 loss increases to a factor of 6 with an EIRP of 22dBm in boresight. All the above observations are based on a comparatively narrow field of view (maximum +/-45 deg in both elevation and azimuth planes) as compared to required coverage of UE. Coverage of UE may be improved in 3 primary manners – 
1. Increasing number of antenna modules in UE
2. Increasing field of view of a single antenna module without degrading array factor significantly (in this study this has been restricted to 1dB or 1.5dB in a 2x2 or 1x4 array)
3. Increasing EIRP of each antenna module.
In the opinion of the author, case for high EIRP is clear. Although high EIRP is always desirable for high quality channel, it has been derived that 30dBm peak EIRP (minimum peak EIRP as per RAN4 discussions) would be feasible on UE side and it would suffice to (under stated assumptions) the enablement of UMa usecase. The relation of this EIRP of single antenna module to %ile coverage of UE is subject to further studies, which are already ongoing in RAN4.
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Figure 5: Comparison of range of various UE options in boresight and 40deg scan angle.
Observation 4: Effect of low peak EIRP (4dB or 8dB lower) is thrice or six times than that of array factor degradation on range of UE in UL in cell edge scenario.
Conclusions

Observation 1: Gain of a 2x2 array has a range of 1.5dB with peak gain in boresight being 10.5dB
Observation 2: Gain of a 1x4 array has a range of 1dB with peak gain in boresight being 10dB
Observation 3: 30dBm boresight EIRP UE with 18dBm P1dB PA would deliver UMa use case.
Observation 4: Effect of low peak EIRP (4dB or 8dB lower) is thrice or six times than that of array factor degradation on range of UE in UL in cell edge scenario.

Proposal 1: 30dBm boresight EIRP (minimum) of 1 antenna module of UE is required for full potential 5G mmW.
Proposal 2: 28.5dBm EIRP (minimum) at +/-40 degree scan angle (of 1 antenna module) of UE is required.
Reference
[1]	“EIRP requirement, feasibility and associated TRP”, R4-1800944, 3GPP RAN4-AH-1801.
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UE Antenna Array Gain dB 10.50 10.50 10.50 10.50 10.50 10.50
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EIRP (2 pols: 2.5dB) dBm 30.67 26.95 28.35 24.63 26.49 22.77

Shadowing Loss dB -7.80 -7.80 -7.80 -7.80 -7.80 -7.80
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BST Ant Gain (256 el) dB 30.00 30.00 30.00 30.00 30.00 30.00

NF of BST dB 6.00 6.00 6.00 6.00 6.00 6.00

Channel Bandwidth MHz 50.00 50.00 50.00 50.00 50.00 50.00

Noise Floor dBm -90.84 -90.84 -90.84 -90.84 -90.84 -90.84

Target min CNR dB for BER=1e-3 5.10 5.10 16.50 16.50 22.50 22.50

Signal at BST Rcv dBm -85.74 -85.74 -74.34 -74.34 -68.34 -68.34
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