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Smartphone antenna array
FR2-2 handheld array assumption for spec development
For handheld the agreement in RAN4 101-bis-e in January 2022 was to use 8 array elements for spec development. Our analysis uses 8. We note that per the normal RAN4 working method the array assumption is not a requirement and other arrays are not precluded.
Proposal 1: 8 elements are used for spec development per our previous meeting agreement, and per normal RAN4 working methods other implementations are not precluded.
Handheld UE spherical coverage and number of panels
Antenna array pattern is one factor involved in establishing spherical coverage metrics. The other major factor is the number of antenna panels. Here we consider the antenna gain CDF for a 2x4 antenna array with a single panel and 2 panels positioned to fire in opposite directions, front and back. 

It is well understood that antenna arrays on conductive planar surfaces provide coverage at best in the hemisphere above the plane.  

Observation: 1 panel covers at best a hemisphere, and 2 panels back-to-back work together to cover most of the sphere.

The Figure below shows the CDF drop from peak for 1 panel vs 2 panels of the 2x4 antenna array. These curves representative of typical performance and the difference between 1 panel and 2 panels is instructive. We observe that using 1 panel degrades the CDF significantly.
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Figure - Spherical coverage 1 panel vs 2 panel without structural losses

Observation: Using 1 panel degrades the %ile coverage CDF significantly.
Proposal: Specifications should be derived assuming a minimum of 2 antenna panels
FR2-2 handheld minimum peak EIRP and spherical coverage
For handheld the agreement in RAN4 101-bis-e in January 2022 was EIRP between [13.1 and 14.2] dBm. For outdoor deployments the system is uplink limited, and every dB helps. 
Proposal: Handheld min peak EIRP is 15 dBm, per our submissions from previous meetings. If the group decides to stay within the [] range, our preference is 14.2 dBm.
It is possible to work out expected EIRP spherical coverage performance in FR2-2 based on expected performance in FR2-1 bands. The primary contributor to EIRP drop is the spherical coverage of the antenna gain itself. We therefore focus on the differences in normalized antenna gain between both n262 and n259 vs 60 GHz. n259. In both n259 and n262, the simulated antenna gain has a drop of about 6.5 dB from peak to 50th %ile. 
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Figure - Spherical coverage FR2-1 bands
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Figure - Spherical coverage FR2-1 bands

The figure below shows a 2x4 array design simulation. Note the FR2-2 midband drop to 50%ile is 9 dB, significantly higher than FR2-1 band above.
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Figure - Spherical coverage 2 panel without structural losses


Antenna gain is but one of the factors involved in establishing spherical coverage metrics. Other considerations that contribute to degradation of EIRP spherical coverage statistics are mutual coupling between PAs, Tx beam forming impairments and uncertainty related to power regulation mechanisms. FR2-2 is significantly high in frequency than n262 and n259, and we expect the degradation from ‘other considerations’ to have a larger effect. 

To summarize, we expect more degradation in FR2-2 as compared to n259 and n262, for both raw antenna spherical coverage performance as well as degradation in spherical coverage due to other considerations (are mutual coupling between PAs, Tx beam forming impairments and uncertainty related to power regulation mechanisms). Recall that n259 has 12.9 dB and n262 13.1 dB gain drop from peak to 50th %ile direction. 

Observation:  Peak to 50%ile gain drop is approximately 3 dB higher in FR2-2 than FR2-1 due to antenna pattern and other considerations, and n262 has a 13.1 dB drop. Therefore FR2-2 drop should be 16.1 dB.
Proposal: 50th %ile spherical coverage point is 16.1 dB less than the min peak dBm

Power class 1 UE
PC1 UE minimum peak EIRP and antenna size
We simulated the uplink performance in the Umi environment described in the 60 GHz coexistence work (70m inter-site distance). In this simulation we used 25 and 31 dBm as two example UE EIRP levels, and 100 and 400 MHz CCBWs. The outage SINR level is approximately -10 dB, and we can see from the graph some of the UEs are below the outage threshold and can’t make the UL, even for the lowest MCS. We have created a table to show the outage percentages vs EIRP, interpolating in some cases.
Observation: The Umi UL outage can benefit from higher UL EIRP.
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Figure – Umi downlink SINR with 25 and 31 dBm UE EIRP



Table – UL Umi outage %age vs EIRP, 70 m ISD
	UL dBm EIRP
	CCBW 400 MHz outage
	CCBW 100 MHz outage

	25
	40%
	30%

	29
	34%
	24%

	31
	30%
	20%

	32
	29%
	19%

	35.1
	23%
	13%



In the table below we have determined and implementable EIRP budget to be able to achieve 35 dBm EIRP using 64 elements per polarization. 

Table - PC1 UE EIRP with 64 elements per polarization
	Parameter
	Units
	Worst case

	PA power per element
	dBm
	5.5

	Total of all losses
	dB
	13.5

	Two polarizations
	dB
	2.8

	Number of elements
	 
	64

	Total radiated power
	dBm
	9.9

	 
	 
	 

	Element gain
	dBi
	4.2

	Peak EIRP
	dBm EIRP
	35.1



Proposal: Use 64 elements per polarization assumption to reduce the uplink outage develop the PC1 UE specification
Proposal: PC1 UE minimum peak EIRP is 35 dBm EIRP
Power class 1 UE spherical coverage
It is reasonable to assume the UE is oriented to align the panel with the serving cell. In that case coverage around the entire sphere is not required, and a single panel makes sense to use for spec development.  
The figure below shows both single panel CDF. The simulation shows the UE antenna performance, assuming a UE with error-free beamforming coefficients and excluding the distortions and losses due to the UE structures and materials. If we use the 85%ile as in FR2-1 the error-free lossless CDF drop is 8 dB. The next step is to account for the real losses and distortions in the UE that will add to this CDF drop with the consideration that those will be higher than in FR2-1.
Proposal: Use the 1-panel curve and additional losses due to beamforming errors and radiated UE structure and material losses to develop minimum performance requirement.
From the curve we have to add additional degradation due to radiated structural distortions and losses. The higher frequency than FR2-1 makes the UE more susceptible to losses and distortions. For FR2-1 the drop was specified at 8 dB, and further ideal simulations of FR2-1 antenna pattern show 4 dB drop.  We conclude FR2-1 requires 4 dB more drop than the ideal pattern sim. Considering the FR2-2 additional susceptibility to structures and materials we propose a 6dB drop for implementation added to the 8 dB sim, resulting in 14 dB drop.
Proposal: Specify the 85%ile at 14 dB down from the peak EIRP value. 
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Figure Single panel 64 element antenna (ideal beamforming without structural distortions)
UE ACLR
Based on the agreed coexistence WF R4-2202367 the ACLR of the UE is proposed as follows:
Proposal: UE ALCR is 15 dBc.
ON/ON transient periods
From the standpoint of ON/ON transient period, the FR2-2 UE is the same as FR2-1. In one sense FR2-2 is quite like FR2-1, with FR2-2 much like a new FR2-1 band with some additional SCS. FR2-1 UE designs are commercial and mature. The ON/ON transient time of 5usec is governed by the time required to configure the transmitter and receiver. Those constraints are the same for FR2-2. Further in future as devices support FR2-1 and FR2-2 much hardware will be common. It is natural to specify the transient period the same as FR2-1.
Proposal: The transient period from FR2-1 is based on the capability of the UE to configure the transmitter and receiver. The same capability will exist in FR2-2. Use the same 5usec for FR2-2.
  Beam direction only switching time baseline assumption

One valid approach to the 60 GHz UE design is to base it on the existing FR2 design. In this aspect, 60 GHz is like a new FR2 band. This means the configuration times for beam switching are the same for 60 GHz and FR2.The FR2 switching assumptions are based on the capabilities of the UE to switch, and what is feasible. 60 GHz UE feasibility is the same as FR2. Further the configuration times are similar for any SCS, and this should be part of the assumption.
The FR2 assumption for UE beam switching is 200 nsec, 60 GHz requires the same amount of time to switch. We find no difference between inter-panel and intra-panel switching. Both require the same amount of time to configure the hardware for switching.
On clarification, our understanding is the UE can perform a beam direction change, or a power control change, or both during this 200 nsec time.
Proposal: UE requires 200 nsec for beam direction only switching for all SCS
Observation: Our understanding is the UE can perform a beam direction change, or a power control change, or both during this 200 nsec time.
 Conclusions
Handheld array size:
Proposal 1: 8 elements are used for spec development per our previous meeting agreement, and per normal RAN4 working methods other implementations are not precluded.
Handheld spherical coverage:
Observation: 1 panel covers at best a hemisphere, and 2 panels back-to-back work together to cover most of the sphere
Observation: Using 1 panel degrades the %ile coverage CDF significantly.
Proposal: Specifications should be derived assuming a minimum of 2 antenna panels
Handheld min peak EIRP:
Proposal: Handheld min peak EIRP is 15 dBm, per our submissions from previous meetings. If the group decides to stay within the [] range, our preference is 14.2 dBm.
Observation:  Peak to 50%ile gain drop is approximately 3 dB higher in FR2-2 than FR2-1 due to antenna pattern and other considerations, and n262 has a 13.1 dB drop. Therefore FR2-2 drop should be 16.1 dB.
Proposal: 50th %ile spherical coverage point is 16.1 dB less than the min peak dBm
PC1 UE min peak EIPR and antenna size:
Observation: The Umi UL outage can benefit from higher UL EIRP.
Proposal: Use 64 elements per polarization assumption to reduce the uplink outage develop the PC1 UE specification
Proposal: PC1 UE minimum peak EIRP is 35 dBm EIRP
PC1 UE spherical coverage:
Proposal: Use the 1-panel curve and additional losses due to beamforming errors and radiated UE structure and material losses to develop minimum performance requirement.
Proposal: Specify the 85%ile at 14 dB down from the peak EIRP value. 
UE ACLR:
Proposal: UE ALCR is 15 dBc.
ON/ON transient periods
Proposal: The transient period from FR2-1 is based on the capability of the UE to configure the transmitter and receiver. The same capability will exist in FR2-2. Use the same 5usec for FR2-2.
Beam direction only switching time baseline assumption
Proposal: UE requires 200 nsec for beam direction only switching for all SCS
Observation: Our understanding is the UE can perform a beam direction change, or a power control change, or both during this 200 nsec time.
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