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1. Introduction
In the last meeting, we had extensive discussion on handheld UE antenna size assumption. We only had agreement on that commercial FR2-1 antenna module physical dimension can be treated as the feasible FR2-2 antenna module dimension [1]. For UE EIRP and spherical coverage requirements, more analysis is needed based on antenna element number assumption. In this contribution, we give further analysis on these requirements focusing on handheld UE type.
2. Discussion
2.1. Handheld UE EIRP
For handheld UE minimum peak EIRP, the progress we made in the last meeting [1] is as follows:

Agreement:

· Commercial FR2-1 antenna module physical dimension can be treated as the feasible FR2-2 antenna module dimension.

· Commercial FR2-1 antenna module is equipped with 1x4 or 2x2 antenna elements
Although we agreed the antenna module physical dimension in FR2-1 can be feasible for FR2-2, it can still not be decided on the actual antenna element number for FR2-2. In FR2-2, with the radio frequency goes higher, the antenna element footprint can be smaller compared to FR2-1. With the same antenna module physical dimension, more antenna element number for FR2-2 can be included in the same size of antenna array. From our perspective, with 8 antenna elements for FR2-2, they can still be integrated in the physical dimension. However, with more antenna elements, such as 16, it can be difficult to implement in the same size with FR2-1 antenna module. In this sense, we prefer at most 8 antenna elements for FR2-2.
These three aspects, antenna element number, PA performance and practical form factor are the main contributors for UE EIRP requirement. In FR2-2, the PA performances including power efficiency and saturated power degrade compared to FR2-1. The path loss in the free space is higher as the frequency goes up to FR2-2. In order to compensate the degradation for 52.6~71 GHz, more antenna elements are considered in FR2-2.
In FR2-1, the assumption of antenna element number is 1x4 as a baseline. In the last meeting, a proposal of 2x8 antenna element number was provided for handheld UE type. If the number goes straight up to 2x8, it is four times of the antenna number than that of the original FR2-1. It will increase the complexity of implementing such antenna size into the handheld UE packages. Our preference with moderate two times of antenna element number in FR2-1, that is 1x8 in FR2-2, it will strike a balance between the performance and complexity. We will further analysis handheld UE EIRP and spherical coverage based on 1x8 antenna size assumption. 
Proposal 1: For handheld UE, maximum 8 antenna elements in an antenna array is preferred for 52.6~71 GHz.
Based on 1x8 antenna element number assumption, we performed link budget analysis for 52.6~71 GHz as shown in Table 1. We assume these values for the parameters in Table 1 are based on a feasible design for handheld UE.

Table 1. Link budget analysis for FR2-2

	Parameter
	Unit
	Source

	Frequency range
	GHz
	57~71

	# ant elements
	 /
	8

	Avg. element gain
(per polarization)
	dBi
	4

	Antenna roll-off
loss vs frequency
	dB
	-1.5

	Realized antenna
array gain
	dBi
	8.5

	Polarization gain
	dB
	2.8

	Total implementation
loss (nominal)
	dB
	-9

	Total implementation
loss (worst-case)
	dB
	-13

	P1d per PA (nominal)
	dBm
	4.5

	P1d per PA (minimum)
	dBm
	4.5

	Peak EIRP (nominal)
	dBm
	16.3

	Tolerance
	dB
	-5

	Peak EIRP (minimum)
	dBm
	11.3


We can observe that the nominal peak EIRP is 16.3 dBm and the minimum peak EIRP is 11.3 dBm based on the assumption of antenna element number 1x8.

Observation 1: For handheld UE, the minimum peak EIRP is 11.3dBm with 1x8 antenna element number assumption in FR2-2.

In FR2, for the UEs that support multiple FR2 bands, multiband relaxations are introduced for peak EIRP and EIRP spherical coverage, respectively. In future, UEs are most likely to support both FR2-1 and FR2-2 bands. For these UEs, multiband relaxations should be introduced for peak EIRP and EIRP spherical coverage to support FR2-1 and FR2-2 bands.
Observation 2: For handheld UE supporting both FR2-1 and FR2-2 bands, multiband relaxation factors should be considered on the peak EIRP requirement.
2.2. Handheld UE spherical coverage
In original FR2, we spent a lot of effort to the work for spherical coverage. To decide the spherical coverage requirement, the simulation assumptions in [2] are based on the restrictions of real product UE from all participating companies. We believe the assumption 1~7 in [2] pretty much covered the possible cases for FR2. These can be a starting point for the evaluation of spherical coverage for handheld UE in FR2-2. If companies do have more extra real product UE assumptions, they can be added in the simulation assumption for evaluation.

Based on the assumption 3 in [2], we give our simulation results for spherical coverage with 4 and 8 antenna elements as shown in Figure 1 and Figure 2, respectively. 
The CDF curve of normalized antenna gain with 4 antenna elements with one panel and two panels configuration are given in Figure 1a and Figure 1b, respectively. We can observe that the peak to 50% percentile gain drop is 11.48 dB with one panel configuration; 8.065 dB with two panels configuration. Based on the worst-case scenario, we give spherical coverage requirement as 15.54 dB gain drop with 4 antenna elements for the peak to 50% percentile.

The CDF curve of normalized antenna gain with one panel and two panels configuration are given in Figure 2a and Figure 2b, respectively. We can observe that the peak to 50% percentile gain drop is 15.54 dB with one panel configuration; 10.03 dB with two panels configuration. Based on the worst-case scenario, we give spherical coverage requirement as 15.54 dB gain drop with 8 antenna elements for the peak to 50% percentile.
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	a) One panel configuration
	b) Two panels configuration


Figure 1. Simulation Results for spherical coverage with 4 antenna elements in FR2-2
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	a) One panel configuration
	b) Two panels configuration


Figure 2. Simulation Results for spherical coverage with 8 antenna elements in FR2-2

Observation 3: For the handheld UE spherical coverage, the peak to 50% percentile gain drop is 11.48 dB with 4 antenna elements based on one panel configuration.
Observation 4: For the handheld UE spherical coverage, the peak to 50% percentile gain drop is 15.54 dB with 8 antenna elements based on one panel configuration.
3.  Conclusion
In this contribution, analyses are conducted on handheld UE EIRP and spherical coverage requirements based on maximum 8 antenna element number assumption. The following observations and proposals are made:

Proposal 1: For handheld UE, maximum 8 antenna elements in an antenna array is preferred for 52.6~71 GHz.

Observation 1: For handheld UE, the minimum peak EIRP is 11.3dBm with 1x8 antenna array.

Observation 2: For handheld UE supporting both FR2-1 and FR2-2 bands, multiband relaxation factors should be considered on the peak EIRP requirement.

Observation 3: For the handheld UE spherical coverage, the peak to 50% percentile gain drop is 11.48 dB with 4 antenna elements based on one panel configuration.

Observation 4: For the handheld UE spherical coverage, the peak to 50% percentile gain drop is 15.54 dB with 8 antenna elements based on one panel configuration.
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