3GPP TSG-RAN WG4 Meeting #87						R4-1807425
Busan, Korea, 21 - 25 May 2018

Source: 	NXP Semiconductors
[bookmark: _GoBack]Title: 	Peak EIRP of Type 4 UE
Agenda item:	7.5.7.1
Document for:	Approval
Introduction
In WG4#86-bis a WF on types of UE in FR2 was captured [1]. All FR2 UEs were segregated broadly into 4 different types while distinguishing them by minimum peak EIRP. Alternatively, it may be stated that the UEs were agreed to be of 4 different power classes. 
Table 1: NR FR2 UE Type summary [1]
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*Note: these notes are meant to illustrate examples that have the requirements listed, other examples are not precluded
Additional requirement on Spherical coverage was also depicted in this table to each power class. Email discussion has proposed that each UE type has one-to-one correspondence with a min peak EIRP (power class) in Rel-15 and thus may be distinguished without “Spherical class”. It may also be noted that the 4 UE types would not preclude examples other than that stated in “Comments” columns. However, type 4 UE is an exception from the rest because of its fixed co-ordinates. Thus, it is important to have a requirement of type 4 UE to be “always stationary”.
Proposal 1: Type 4 UE is always stationary with fixed co-ordinates.
Fixed nature of type 4 UE also makes spherical coverage criteria limited to 50%ile or further less. 
In this contribution, minimum peak EIRP of type 4 UE (power class 4) has been proposed for approval.
Background
In WG4#86-bis contribution mentioned in [2] has captured background and status of peak EIRP of FWA UE types. This UE is essentially stationary permanently and its position is fixed at always. This UE type has a maximum peak EIRP of 55dBm and maximum TRP of 35dBm. This UE type falls, in accordance with types specified in table 1, or [1], in power class 4. The author proposes to address this type of UE as type 4 henceforth in this contribution. 
Table 1 in [2] has a template which helps to propose a minimum peak EIRP of type 4 UE. In the table various losses which have been broken down. While this approach helps in understanding the losses in the UE, it is specific to an implementation. Different solutions could suffer from different loss mechanisms and thus, in this contribution, break-down of the losses would not be shown in the table showing EIRP budget.
Simulations Results
Table 2 shows a proposal for minimum peak EIRP for type 4 UE. Present range of minimum peak EIRP for this power class is [30-40] dBm and is subject to more inputs from companies. In this proposal, antenna radiation patterns, directivity and gain of individual patch antenna for n257 and n261 bands are shown in figure 1 of [3]. 
This patch has been used in system simulator in conjunction with other sub-systems, some measured and rest simulated, to derive the peak EIRP. The contribution adjusts several nominal values that have been used for type UE 1 to derive minimum peak EIRP. Given the fact that UE type 4 has a fixed co-ordinate, many implementation and array form factor related challenges are relaxed. Thus, number of elements and output power of 1 PA are varied to observe impact on peak EIRP. Although these exercises are simple and could be done by hand calculations, it is important to broaden the scope of consideration.
Table 2: Peak EIRP in boresight of various Array dimensions for bands n257 and n261
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(a)                                                                                        (b)
Figure 1: Boresight radiation pattern at 28GHz of an array with (a) 16 elements (b) 32 elements with 18dBm Pout of each PA.
Figure 1 above shows peak antenna array gain in boresight at 28GHz. The simulation has 16 and 18 elements and output power of 1 PA is 18dBm. The array pattern has been simulated with measured PA (1 PA) data file to determine peak EIRP in boresight for various array configurations. Similar approach has been taken for figures of peak EIRP in the table 2 with 16dBm PA output power. The author also recognizes that several other approaches could be undertaken to derive a better peak EIRP. Peak EIRP for Type 4 UE could have a large range. Thus, while determining a minimum peak EIRP value for this type of UE, requirement of link budget, along with technological capability, should be considered.
Proposal 2: For QPSK modulation, minimum peak EIRP of Type 4 UE for bands n257 and n261 is 40dBm.
Proposal 3: If RAN4 opts for a nominal peak EIRP instead of minimum peak EIRP then for QPSK modulation, nominal peak EIRP of Type 4 UE for bands n257 and n261 is 47.5dBm.
Table 3: Peak EIRP in boresight of various Array dimensions for band n260
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Table 3 shows peak EIRP simulation for band n260 with under same conditions that were stated for band n257. 
Proposal 4: For QPSK modulation, minimum peak EIRP of Type 4 UE for band n260 is 40dBm.
Proposal 5: If RAN4 opts for a nominal peak EIRP instead of minimum peak EIRP then for QPSK modulation, nominal peak EIRP of Type 4 UE for band n260 is 44dBm.
Conclusions
Proposal 1: Type 4 UE is always stationary with fixed co-ordinates.
Proposal 2: For QPSK modulation, minimum peak EIRP of Type 4 UE is 40dBm.
Proposal 3: If RAN4 opts for a nominal peak EIRP instead of minimum peak EIRP then for QPSK modulation, nominal peak EIRP of Type 4 UE is 47.5dBm.
Proposal 4: For QPSK modulation, minimum peak EIRP of Type 4 UE for band n260 is 40dBm.
Proposal 5: If RAN4 opts for a nominal peak EIRP instead of minimum peak EIRP then for QPSK modulation, nominal peak EIRP of Type 4 UE for band n260 is 44dBm.
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Pout per PA @ QPSK dBm 14 18 14 18 14 18 14 16 18

# of antennas in array 8 8 16 16 32 32 64 64 64

Total conducted power per polarization dBm

21.6 25.2 24.6 28.2 27.6 31.2 30.6 32.4 34.2

Avg. antenna element gain dBi 5 5 5 5 5 5 5 5 5

Antenna roll-off loss vs frequency dB -0.7 -0.7 -0.7 -0.7 -0.7 -0.7 -0.7 -0.7 -0.7

Realized antenna array gain dBi

14 14 17 17 20 20 23 23 23

Polarization gain dB 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

Total implementation loss dB -7 -7 -7 -7 -7 -7 -7 -7 -7

Peak EIRP dBm

30.4 34 36.4 40 42.4 46 48.4 50.2 52

Parameter Unit
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# (dBm) Spherical coverage EIRP (dBm) TRP (dBm) Comments'

1 [22.0-22.4] Full sphere 43 23 Handheld UE

5 [26-30] Half sphere 43 23 Vehlcle_mounted UE (fixed
on moving platform)

3 [~35] Full sphere 43 23 Higher power mobile UE

4 [30-40] Half sphere or further 55 35 FWAon fixed platform

limited sphere
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Pout per PA @ QPSK dBm 14 18 14 18 14 18 14 16 18

# of antennas in array 8 8 16 16 32 32 64 64 64

Total conducted power per polarization dBm

23 27 26 30 29 33 32 34 36

Avg. antenna element gain dBi 5 5 5 5 5 5 5 5 5

Antenna roll-off loss vs frequency dB -1 -1 -1 -1 -1 -1 -1 -1 -1

Realized antenna array gain dBi

14 14 17 17 20 20 23 23 23

Polarization gain dB 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

Total implementation loss dB -5 -5 -5 -5 -5 -5 -5 -5 -5

Peak EIRP dBm

33.5 37.5 39.5 43.5 45.5 49.5 51.5 53.5 55.5

Parameter Unit
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