TSG-RAN Working Group 4 (Radio) meeting #90bis
  R4-1903962
Xi’an, China, 8 – 12 April 2019


Source:
Ericsson, Sony
Title:
On the P-MPR needed for compliance with MPE requirements and relation to FR2 UL duty cycle
Agenda item:
6.5.11.5
Document for:
Approval
1 Background
RAN#83 discussed the UL duty cycle capability values devised by RAN4 and agreed the following way forward in [1]:
· RAN would like to inform RAN4 and RAN2 that it has updated the  FR2 maxUplinkDutyCycle capability values as follows {2%, 10% (TBD), 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%}   
· RAN4 is asked whether any value  <= 10% should be added
· RAN asks 
· RAN2 to introduce FR2 maxUplinkDutyCycle capability signalling accordingly
· RAN2 to evaluate backwards compatibility
following a discussion at RAN4#90 resulting in an agreed draft CR and LS in [2], [3] and [4].

In this contribution we reiterate that the 3GPP requirements on minimum peak EIRP can be generally met under the expected RF EMF exposure restrictions [5] and propose an answer to the question to RAN4 posed by RAN. Our proposed answer also accounts for a new and comprehensive analysis published in [6], for realistic UE antenna models and housing integratation.  In particular it is shown that power reductions far less than the staggering 17 dB, as implied by [7], would be needed.
2 New results on maximum EIRP subject to EMF requirements
The maximum EIRP to meet compliance with the relevant EMF exposure limits is estimated for code-book-based beamforming arrays at 28 GHz and 39 GHz. The details of this work are available in [6] and some results are reported in this contribution for convenience. Different types of antenna elements, element spacing, 4- and 8-element array configurations in a realistic housing integration were considered. 
The simulation model for 28 GHz is shown in Figure 1 with patch, notch and slot antennas in an 4 x 1 array printed on a (29 mm x 14 mm x 0.3 mm, r = 3.55) substrate mounted in the corner of a 126 mm x 62 mm x 8 mm chassis. The element spacing is D = 5 mm. A plastic box a (130 mm x 66 mm x 8 mm, r = 3.55) with thickness 1 mm was used to simulate the UE casing. Hence a realistic handheld form-factor with a type of antenna arrangement expected in the first NR UEs.
Code-book beamforming is assumed with Nb number of beams. The array excitation is 

wi = [image: image1.png][a.ae=3P: qe=32Bi | ae=INe=DAi]




where the beams are generated by varying the phase from -5/6 to +5/6 in steps of /6. The phase excitation scheme is shown in Figure 2.
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Figure 1: simulation model for 28 GHz for each type of antenna element (4 x 1 array).
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Figure 2: the phase excitation model for the array (generation of precoding vectors).
The spatial-averaged power density over the applicable averaging area A [6] is determined at a distance d perpendicular to the UE as shown in Figure 3. The averaging area is swept over a large evaluation plane for each beam wi. 
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Figure 3: the averaging area A at a distance d from the plane of the UE.
The maximum average power density, Smax,  is then recorded by taking the maximum over the beams:
[image: image5.png]Smax (d) = ; 111218.)( S (d,w;)




Figure 4 shows the maximum EIRP, the maximum input power Pin and realized gain Gr for 4 x 1 and 8 x 1 patch arrays for varying element spacing D for the Smax (over all averaging surfaces and beams) to comply with the proposed FCC limit (i.e. for an averaging area of 4 cm2) at d = 5 mm. The dashed line represents the 22.4 dBm power class 3 minimum requirement. The realized gain is  
Gr,max = EIRPin,max - Pin,max
where EIRPin,max and Pin,max are the maximum EIRP and input power Pin attainable subject to the EMF limit. 
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Figure 4: results for 28 GHz and different element spacing D for 4 x 1 and 8 x 1 patch arrays.
Table 1 shows a summary of the results for 28 GHz and a 4 x 1 array for the different antenna element types (characterized by an element spacing D = 5 mm). We observe that the required power reduction to meet the requirement on EIRP is less than 3 dB assuming full duty cycle in the uplink.

Table 1: summary of reaults obtained for 4 x 1 arrays at 28 GHz.

[image: image7.png]Element Type | Pin,max (dBm) | EIRPmax (dBm)
Proposed ICNIRP/IEEE limits
Patch 14.6 24.6
Notch 15.6 25.6
Slot 18.8 29.2
Proposed FCC Limits
Patch 9.7 19.8
Notch 10.8 20.7
Slot 14.0 244





The corresponding results for 4 x 1 and 8 x 1 patch arrays obtained at 39 GHz are summarized in Table 2 (D = 3.6 mm) .
Table 2: summary of reaults obtained for patch arrays at 39 GHz.
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Proposed ICNIRP limits

4x1 23.0

8x1 27.2
Proposed IEEE Limits

4x1 25.9

8x1 28.9

Proposed FCC Limits
4x1 21.3
8x1 24.3





This leads to the following observation for the cases studied:
Observation 1: the 4 x 1 and 8 x 1 array configurations considered would imply a maximum P-MPR less than 3 dB, and hence a minimum duty cycle of 50% for compliance with the EMF limits without power reduction for Power Class 3.

The results in Table 3 can be increased by 3 dB for a 50% duty cycle and 6 dB for 25% duty cycle.
It should also be noted that the 28 GHz and 39 GHz configurations considered meet the minimum requirements on spherical coverage.

3 Relation to UL duty cycle

The results presented in [6] and in [5] for ground-plane backed arrays with [image: image10.png]N x N
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) and the results above suggest that a duty cycle of 25% (6 dB increase needed for the results in Table 2) would imply compliance with EMF limits without any power reduction (P-MPR). 

RAN4 is asked whether or not a duty cycle less than or equal to 10 % is motivated; the results herein indicate that a minimum 20% duty cycle would suffice for EMF compliance. This would also correspond to a more realistic uplink data-rate and latency performance than the 2% implied by an estimated 17 dB power back-off.

We also note that a duty cycle may also be beneficial for UE heat management -- within the phone, not only the user. Moreover, compliance with EMF limits may be subject to a maximum UL duty-cycle capability similar to SAR. 
4 Proposal
In this contribution we reiterate earlier results on maximum attainable EIRP subject to EMF limits and present new results for linear sub-arrays at 28 GHz and 39 GHz inidicating that
· the 4 x 1 and 8 x 1 array configurations considered would imply a maximum P-MPR less than 3 dB, and hence a minimum duty cycle of 50% for compliance with the EMF limits without power reduction for Power Class 3.

Altogether, the results presented herein indicate that a minimum 20-25% duty cycle would suffice for EMF compliance without P-MPR while complying with the maximum TRP requirement.

Other antenna arrangement may give slightly different results, but a P-MPR of 17 dB requiring a duty cycle of 2% for EMF compliance without power reduction seem unlikely. RAN4 could answer RAN that additional duty cycle values less than or equal to 10% are not needed for avoiding excessive P-MPR. 
We make the following proposal
· values of the UL duty-cycle capability less than or equal to 10% should not be specified, a minimum 20-25% duty cycle would suffice for EMF compliance without P-MPR.

5 References

1. RP-190755, “Way forward on maximum uplink duty cycle for FR2”, Nokia
2. R4-1900254, “Draft CR on clarification of maxUplinkDutyCycle in FR2”, OPPO
3. R4-1902489, “LS on FR2 maxUplinkDutyCycle capability values”, OPPO
4. R4-1902193, “LS on Rel-16 MPE Mitigation techniques”, Qualcomm Incorporated
5. R4-1814719, “Update on RF EMF regulations of relevance for handheld devices operating in the FR2 bands”, Ericsson, Sony
6. B. Xu, K. Zhao, Z. Ying, (Senior Member, IEEE), D. Sjöberg, (Senior Member, IEEE), Wang He and Sailing He, “Analysis of Impacts of Expected RF EMF Exposure Restrictions on Peak EIRP of 5G User Equipment at 28 GHz and 39 GHz Bands”, IEEE Access, IEEE Access , Jan 2019.

7. R4-1902487, “AH minites for maxUplinkDutyCycle in FR2”, OPPO
