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1. Introductions
In RAN1 #96b meeting, the following agreement has been achieved.
Agreement
In Rel-16, only introduce specification enhancement for MPUE-Assumption3

· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.

· Note that this does not require a UE to always activate multi-panels simultaneously

· Note: UE can control the panel activation/deactivation 

· Possible use cases at least include

· (General) UL coverage enhancement for FR2 considering the UE power consumption 

· Discussion topics in Rel-16 include:

· Details on the identification for a panel and corresponding panel definition

· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 

This is a UE optional feature.
In this contribution, we provide some analysis and some initial evaluation results for P-MPR aware scheduling.
2. Discussions
For the uplink transmission, the mmWave radiation exposure to the human body should be considered. ICNIRP, FCC and IEEE have provided the safety guidelines, as summarized in Table 1 [1]. Based on Table 1, examples of maximum transmitted power and maximum EIRP to comply with ICNIRP, FCC and the possible future IEEE RF EMF exposure limits for the general public have been provided in [1], for different frequencies and antenna array settings, which is shown as Table 2. We could use the maximum EIRP in Table 2 as the maximum safe EIRP during the evaluation of P-MPR aware scheduling. That is, maximum EIRP of the panel, which is close to and toward human body, should be smaller than the corresponding EIRP in Table 2. If the power of this panel is large and the EIRP of this panel is larger than the maximum safe EIRP, this UE would choose to reduce the transmit power, or using the other panel.
As discussed in RAN4, the required minimum EIRP is 22.4dBm for Power Class 3. Moreover, Table 3 shows the proposed peak EIRP values of different companies in 28GHz [2]. Note that there would be no large differences on the power related results between [M, N, P]=[1, 4, 2] and [M, N, P]=[2, 2, 2], and 28GHz is close to 30GHz. For simplify, it is assumed that Table 2 and Table 3 are obtained with similar parameters in the following analysis. 
Then for ICNIRP and IEEE requirements, it is clear that the peak EIRPs of these companies are very close to the allowed maximum safe EIRP. The UE would just need to reduce the UL transmit power by 1dB~3.55dB, for the worst case. Note that Table 3 is provided by UplinkDutyCycle = 100%, which is not a common case. For common configurations, such as DL:UL=1:1, DL:UL=3:2 and DL:UL=3:1, where the corresponding UplinkDutyCycles are 50%, 40%, 25%, the allowed maximum safe EIRP would be increased by 3dB, 4dB and 6dB, respectively. Then the EIRP of the UE will be always in the limits, or the UL transmit power needs to be slightly reduced by at most 0.55dB, to meet ICNIRP and IEEE requirements. Then P-MPR-aware multi-panel scheduling is not needed in this scenario. The following observation is obtained.
Observation 1:
· At least for cases with UplinkDutyCycle smaller than or equal to 50%, P-MPR-aware multi-panel scheduling is not needed to satisfy the requirements of ICNIRP and the possible future IEEE RF EMF exposure limits for the general public,.
Table 1. General public RF exposure limits valid above certain transitions frequencies, [image: image2.png]
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(Averaged over 1 cm2)
	10 
(Averaged over 20 cm2)
	55*f--0.177

(averaged over 4 cm2)


Table 2. Examples of maximum transmitted power and maximum EIRP to comply with the ICNIRP, FCC and the possible future IEEE RF EMF exposure limits for the general public, based on simplified array antenna models and assuming conservative exposure conditions. These values provide a general estimate and cannot be generalized for any UE [1].
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(GHz)
	Array area (cm2) for
2×2–10×10

elements 
	Maximum transmitted power (dBm)
	Maximum EIRP (dBm)

	
	
	
	ICNIRP
	FCC
	IEEE C95.1 draft (possible future limits)
	ICNIRP
	FCC
	IEEE C95.1 draft (possible future limits)

	Portable applications
(d=0.5cm)
	10
	9.0 – 230
	13 – 20 
	7 – 18 
	14 – 28
	24 – 45 
	18 – 43 
	25 – 53

	
	20
	2.3 – 56 
	13 – 16 
	2 – 13 
	13 – 22
	24 – 41 
	13 – 38 
	24 – 47

	
	30
	1.0 – 25
	13 – 14 
	1 – 10
	12 – 18
	24 – 39 
	12 – 35 
	23 – 43

	
	40
	0.56 – 14 
	13
	1 – 8 
	12 – 15
	24 – 38 
	12 – 33 
	23 – 40

	
	50
	0.36 – 9.0
	13
	1 – 6 
	11 – 13
	24 – 38 
	12 – 31 
	23 – 38


Table 3.  Summary of proposed peak EIRP values @ 28GHz [2].
	Parameter
	Unit
	Intel
	LGE
	MediaTek
	Huawei
	Samsung
	Motorola
	Qualcomm 
plastic
	Qualcomm 
glass

	# ant elements
	　
	4
	 4
	4
	4
	4
	4
	4
	4

	Avg. element gain (per polarization)
	dBi
	4
	 5.00
	4.5
	4
	4.5
	2.5
	5
	5

	Antenna roll-off
	dB
	-2
	 -1.00
	-3
	-1
	-1
	-0.5
	-2.3
	-2.3

	loss vs frequency
	
	
	
	
	
	
	
	
	

	Realized ant.
	dBi
	8
	 10.00
	7.5
	9
	9.5
	8
	8.72
	8.72

	array gain
	
	
	
	
	
	
	
	
	

	Polarization gain
	dB
	2.8
	 2.50
	2.5
	2
	2.5
	2.8
	2.8
	2.8

	Total implementation
	dB
	-6.75
	 -7.25
	-5.1
	-4.85
	-6.75
	-4.25
	　
	　

	loss (nominal)
	
	
	
	
	
	
	
	
	

	Total implementation
	dB
	-9.6
	 -10.00
	-7.45
	-8.7
	-9.6
	-6.1
	-3.3
	-4.3

	loss (worst-case)
	
	
	
	
	
	
	
	
	

	PA operating point (nominal)
	dBm
	14
	 14.00
	14
	14
	14
	14
	　
	　

	PA operating point (minimum)
	dBm
	14
	 14.00
	14
	14
	14
	14
	12
	12

	Peak EIRP (nominal)
	dBm
	24.05
	 25.25
	24.9
	26.15
	25.25
	26.55
	　
	　

	Tolerance
	dB
	3.85
	 3.75
	3.85
	3.85
	2.85
	2.85
	　
	　

	Peak EIRP (minimum)
	dBm
	20.2
	 21.50
	21.05
	22.3
	22.4
	23.7
	26.24
	25.24


The following part considers FCC requirements. To meet FCC requirements, it is seen that the maximum safe EIRP is much lower than the UE abilities. For MPUE3, if the current using panel is close to human body and the EIRP of this panel is larger than the maximum safe EIRP, the UE will have two options, where one option is reducing its UL transmit power until the EIRP satisfies the limits and the other option is using the other panel. 
Figure 1 shows the CDF of the gNB actually received power from better panel subtracting that from worse panel for indoor hotspot scenario, where peak EIRP = 25dBm, the maximum safe EIRP = 15dBm for UplinkDutyCycle = 50%, and UEs have two panels and the better panel is always toward human body. The bandwidth is 80MHz. Only about 12% UEs need to switch the panel, to get better performance.
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Figure 1. The CDF of the gNB actually received power from better panel subtracting that from worse panel for indoor hotspot scenario.

For UE with two panels, in practical, the possibility of the better panel facing toward human body is 50%. We consider the worst case that all the terminals are very close to human body. A switching threshold is considered, that is, UE switches the UL transmit panel when the current using panel is facing toward human body and the gNB actually received power from this panel is smaller than that from the other panel subtracting the switching threshold. The peak EIRP (nominal) values of different companies in Table 3 are used as the UE abilities. For bandwidth of 80MHz or 200MHz, Figure 2 shows the UE panel switching probability for indoor scenario and the switching threshold = 0dB. Figure 3 is for indoor scenario and the switching threshold = 3dB. For UMi scenario, the switching thresholds of Figures 4 and 5 are 0dB and 3dB, respectively.
From the results, it is observed that for indoor scenario, in most cases, the UE does not need to switch the panel to satisfy the requirements of FCC. For UMi scenario, it is expected that the probability of UL transmission using FR2 would be small considering the wide coverage area compared to indoor hotspot scenario, and then DL:UL = 3:1 would be suitable for the evaluation. Then for UMi scenario with DL:UL = 3:1, bandwidth of 80MHz and switching threshold = 3dB, less than 14.5% of the UEs need to switch the panel. There are some factors that are not considered in the simulation but will reduce the UE panel switching probability. For example, besides P-MPR, other types of MPR would reduce peak EIRP. Also only part of terminals will be very close to human body in practical, but it is assumed that all the terminals are very close to human body in the simulation. It means that the UE panel switching probability will be much lower than the simulation results. 
Observation 2:
· For typical setting as DL:UL = 3:1, bandwidth of 80MHz and switching threshold = 3dB,
· For indoor hotspot scenario, the probability of the other panel having better signal quality than the original one after back-off is less than 0.3%.
· For UMi scenario, the probability of the other panel having better signal quality than the original one after back-off is less than 14.5%. 
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Figure 2. The UE panel switching probability for indoor hotspot scenario with bandwidth = 80MHz/200MHz and switching threshold = 0dB.
[image: image14.png]Indoor, bandwidth = 80MHz, switching threshold = 3dB

iy

3%

2%

2%

1

0 [ | [ | [ | [ | [ | [ | [ |

24.05dBm 2525dBm 249dBm 26.15dBm 26.55dBm 26.24dBM 25.24dBm
Peak EIRP

B

UE panel switching probabil
°

®DL:UL

:1 ®WDL:UL=3:2 m=mDL:UL=3:1




[image: image15.png]QN
B

Nws G
XRXRR

-

0%

UE panel switching probabiliy

Indoor, bandwidth = 200MHz. switching threshold =3dB

24.05dBm 25.25dBm  24.9dBm  26.15dBm 26.55dBm 26.24dBM 25.24dBm
Peak EIRP

EDLUL=1:1 m®mDLUL=3:2 ®mDLUL=3:1




Figure 3. The UE panel switching probability for indoor hotspot scenario with bandwidth = 80MHz/200MHz and switching threshold = 3dB.
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Figure 4. The UE panel switching probability for UMi scenario with bandwidth = 80MHz/200MHz and switching threshold = 0dB.
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Figure 5. The UE panel switching probability for UMi scenario with bandwidth = 80MHz/200MHz and switching threshold = 3dB.

3. Conclusion

In this contribution, we have the following observations for MPE problem.

Observation 1:
· At least for cases with UplinkDutyCycle smaller than or equal to 50%, P-MPR-aware multi-panel scheduling is not needed to satisfy the requirements of ICNIRP and the possible future IEEE RF EMF exposure limits for the general public,.
Observation 2:
· For typical setting as DL:UL = 3:1, bandwidth of 80MHz and switching threshold = 3dB,

· For indoor hotspot scenario, the probability of the other panel having better signal quality than the original one after back-off is less than 0.3%.

· For UMi scenario, the probability of the other panel having better signal quality than the original one after back-off is less than 14.5%. 
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Annex
Table 4. Simulation assumption
	Parameters
	Values

	Scenarios 
	Indoor hotspot / UMi

	Simulation bandwidth
	80MHz/200MHz

	Subcarrier Spacing for data
	120kHz

	Channel Model
	Following related assumption in TR 38.802/38.901

	TXRU mapping to antenna elements
	2D DFT based beam per polarization

	Criteria for selection for serving TRP
	RSRP based best analog beam pair

	Criteria for beam selection for serving TRP
	Based on RSRP metrics

	Link adaptation
	Based on CSI-RS

	Traffic Model
	Full buffer

	BS antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 1), (dV, dH) = (0.5, 0.5) λ

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (1, 4, 2, 1, 2; 1, 1); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0) λ. *Θmg,ng=90°; Ω0,1=Ω0,0+180°; as baseline

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	Ideal calibration

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	1 TXRU per polarization per panel

	Transmission scheme
	Multi-antenna port transmission schemes

	Power control parameters
	P0 = -60dBm, alpha = 0.6 for indoor hotspot;
P0 = -90dBm, alpha = 0.8 for UMi;

	UE mobility feature
	No additional features modelled
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