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Introduction
There has been active discussions on required minimum EIRP for mmW UE for uplink data-stream. Required EIRP of an UE, which would satisfy both indoor (InH) and outdoor scenarios (UMi and UMa) would be dependent on range that needs to be covered between basestation (BS) and UE. This report aims at quantifying a required EIRP that is necessary for mmW uplink channel in UMa scenario according to latest 3GPP release. The following are the items that are aimed at being derived – 
1. Minimum EIRP required to have an uplink
2. Minimum EIRP that is feasible for an UE
3. Associated TRP that is necessary for achieve 2
Simulation Assumptions
The following are the working assumptions for deductions made in this paper –
1. Basestation consists of 256 antenna in each polarization.
2. Passive antenna gain of each 256 antenna array is 30dBi in boresight, for both 28GHz and 39GHz.
3. Noise Figure of basestation is 8dB.
4. UE has 4 antenna array in a single module while pointing in boresight.
5. Passive gain of antenna array on UE side is 10dBi in boresight.
6. UMa channel model for 5G mmW of 3GPP has been used to determine pathloss.
7. Fade margin for LOS and NLOS channels in UMa are 1dB and 7dB respectively.
8. Shadowing Loss is 7.8dB.
9. Channel bandwidth is 50MHz for all combinations.
Array gain for both basestation and UE are based on simulations of 3D radiation pattern. To keep the deduction at higher level the results would be kept limited to simulated SNR at the basestation instead of SINR and bitrate. The simulations for link budget assume that both UE and Basestation beams are pointing towards respective boresights for both LOS and NLOS channels. Gain reduction due to frequency is factored in while estimating TRP. Radiated power of MMIC (or RFIC) is at central frequency of the bands.
Simulation results
Following tables show signal to noise ratio of uplink channel for various combinations of range and UE peak EIRP.
Table 1: Simulated CNR of uplink LOS and NLOS datalink at various range and peak EIRP at 28GHz
	EIRP including polarization gain (dBm)
	Range (mts)
	 
	UMa S_NLOS (dBm)
	S_LOS (dBm)
	UMa CNR_NLOS (dB)
	CNR_LOS (dB)

	
	
	
	
	
	
	

	25
	50
	
	-77.77
	-45.57
	11.07
	43.27

	25
	100
	
	-85.74
	-51.59
	3.10
	37.25

	25
	150
	
	-90.80
	-55.11
	-1.97
	33.73

	25
	200
	
	-94.48
	-57.61
	-5.64
	31.23

	25
	250
	
	-97.35
	-59.55
	-8.51
	29.29

	30
	50
	
	-72.77
	-40.57
	16.07
	48.27

	30
	100
	
	-80.74
	-46.59
	8.10
	42.25

	30
	150
	
	-85.80
	-50.11
	3.03
	38.73

	30
	200
	
	-89.48
	-52.61
	-0.64
	36.23

	30
	250
	
	-92.35
	-54.55
	-3.51
	34.29

	35
	50
	
	-67.77
	-35.57
	21.07
	53.27

	35
	100
	
	-75.74
	-41.59
	13.10
	47.25

	35
	150
	
	-80.80
	-45.11
	8.03
	43.73

	35
	200
	
	-84.48
	-47.61
	4.36
	41.23

	35
	250
	
	-87.35
	-49.55
	1.49
	39.29


Table 2: Simulated CNR of uplink LOS and NLOS datalink at various range and peak EIRP at 39GHz
	EIRP including polarization gain (dBm)
	Range (mts)
	 
	UMa S_NLOS (dBm)
	S_LOS (dBm)
	UMa CNR_NLOS (dB)
	CNR_LOS (dB)

	 
	 
	 
	 
	 
	 
	 

	25
	50
	 
	-80.64
	-45.57
	8.19
	43.27

	25
	100
	 
	-88.62
	-51.59
	0.22
	37.25

	25
	150
	 
	-93.68
	-55.11
	-4.84
	33.73

	25
	200
	 
	-97.35
	-57.61
	-8.51
	31.23

	25
	250
	 
	-100.22
	-59.55
	-11.39
	29.29

	30
	50
	 
	-75.64
	-40.57
	13.19
	48.27

	30
	100
	 
	-83.62
	-46.59
	5.22
	42.25

	30
	150
	 
	-88.68
	-50.11
	0.16
	38.73

	30
	200
	 
	-92.35
	-52.61
	-3.51
	36.23

	30
	250
	 
	-95.22
	-54.55
	-6.39
	34.29

	35
	50
	 
	-70.64
	-35.57
	18.19
	53.27

	35
	100
	 
	-78.62
	-41.59
	10.22
	47.25

	35
	150
	 
	-83.68
	-45.11
	5.16
	43.73

	35
	200
	 
	-87.35
	-47.61
	1.49
	41.23

	35
	250
	 
	-90.22
	-49.55
	-1.39
	39.29



From above tables following observations could be made –
1. For LOS channels in both 28GHz and 39GHz healthy SNR is available to run high 64QAM modulation with 25dBm peak EIRP of UE under stated assumptions.
2. NLOS channels at 28GHz and 39GHz with 35dBm peak EIRP (and pi/2 BPSK DFT-s-OFDM modulation) would support 200mts and 150mts range respectively.
Added losses due to frequency dependent roll-off and beam misalignments would only worsen the scenario. In subsequent table 3, breakdown of required peak EIRP and that which is feasible in an UE is shown. It shows that to establish a NLOS channel of 150mts and 200mts at 39GHz and 28GHz total peak TRP would be about 24dBm (for pi/2 BPSK). This TRP in turn translates into P1dB of 22 and 23dBm for each PA (if 1PA is associated with 1 patch antenna) at 28GHz and 39GHz.
Table 3: Breakdown of peak EIRP in UE
	 
	28 GHz
	39 GHz

	eirp 2 pol pk
	35dBm
	35dBm

	eirp 1 pol pk
	32.50dBm
	32.50dBm

	ant gain
	10.00dBi
	10.00dBi

	Radiation efficiency
	0.95
	0.93

	TRP
	23.7dBm
	24.2dBm

	TRP/element
	17.7dBm
	18.2dBm

	Case Loss - plastic+cover
	-2.50dB
	-3.00dB

	frequency roll-off
	-1.00dB
	-1.00dB

	Loadline Mismatch
	-1.00dB
	-1.00dB

	Total post-PA losses
	-4.5dB
	5dB

	 
	 
	 

	Pout of 1 elements
	22.2dBm
	23.19dBm

	Pout per PA
	22.2dBm
	23.19dBm



From table 2 following observations can be made –
1. Peak TRP 24dBm is necessary to meet peak EIRP of 35dBm.
Conclusion
1. For LOS channels in both 28GHz and 39GHz healthy SNR is available to run high 64QAM modulation with 25dBm peak EIRP of UE under stated assumptions.
2. NLOS channels at 28GHz and 39GHz with 35dBm peak EIRP (and pi/2 BPSK DFT-s-OFDM modulation) would support 200mts and 150mts range respectively.
3. Peak TRP 24dBm is necessary to meet peak EIRP of 35dBm.
4. To establish a 150mts NLOS uplink channel in mmW, peak TRP of UE needs to be 24dBm. 
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