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Background
In RAN4-NR#1 in Spokane reference architecture was discussed [1], [2]. TR 38.803 was updated with possible UE antenna configurations [3] and a way forward UR RF was approved in [4]:

	· WF 
· Feasibility of filters at mmWave will be studied further. Aspects to consider:
· Filter passband IL impact to NF/EIS and EIRP
· Parasitic impact to filter performance (passband and stopband) 
· Filter size for implementation
· How to realise filters in multiband UE reference architecture (26 and 39 GHz)
· Study Feasibile EIRP
· Co-ex study assumptions for max EIRP are 34 dBm total, 31 dBm for one polarization
· Study feasibility of max EIRP (Max EIRP = max conducted power + max array gain + max antenna element gain)



In this contribution EIRP for the 30 GHz range is further discussed.
Antenna configuration
EIRP specification should take into account different antenna configurations in order not to mandate a particular implementation. Priority for Rel-15 WI is handheld and full spherical performance [4]. We will compare two different antenna configuration realistic for a handheld UE device (i.e. smartphone type UE). None of the configurations have full sphere coverage and it is therefore assumed some kind of antenna switching (switched diversity) is applied. For UL, we assume only one antenna is active at each time.
1. Dual polarized patch antennas in a 2x2 matrix as decided for ACI coexistence simulations [5].
2. Single polarized 1x4 linear array as proposed in [3] . Antenna elements are notch antennas (2dBi).
Proposal 1: Minimum EIRP specification shall account for different antenna configurations.
2x2 Matrix of Patch Antenna Elements
This configuration is decided as UE antenna assumption for the ACI coexistence study [5]. The configuration consist of an (M,N) = (2,2) array of dual polarized (P=2) patch antenna elements placed λ/2 distance from each other (dH=dV=0.5λ). Each patch element has a gain GE=5dBi including losses. The assumption in [5] is that each element has a vertical and horizontal beam width of 90 (i.e. = 90° and = 90°) which is a bit optimistic for a patch element. The addressable sub sphere of an array can never be larger than that of a single element. A first order assumption is to have the same number of addressable beam directions as there are antenna elements in the array. For this antenna configuration there should then be 4 states in the pre-coding matrix. Figure 1 shows the radiation pattern with four different beams super positioned.

Figure 1. 2x2 matrix of patch antenna elements. Four different beams super positioned.

It is seen from Figure 5 that the peak gain is 11dBi for one polarization. The gain in the direction in-between max-gain-directions drop about 6dB. With more states in the precoding matrix this drop could be made smaller on the expense of more overhead. 
1x4 Array of Notch Antenna Elements
The 1x4 array is indicated in [3] as a suitable option for a handheld UE, however, not described there in detail. In this document an array (M,N) = (1,4) of single polarized (P=1) notch element placed λ/2 distance from each other (dH=0.5λ) is analyzed. Each element has a gain of GE=2dBi including losses and a disc shaped radiation pattern with a vertical beam width of 180° (= 180°) and horizontal beam width of 90° (= 90°). A placement where the antenna sees free space is assumed. Figure 2 shows the radiation pattern with four different beams.
[image: ]
Figure 2. 1x4 array of notch antenna elements. Four different beams.

It is seen from Figure 10 that the peak gain is 9dBi for this antenna configuration. The gain in the direction in-between max-gain-directions drop about 6dB (same as the 2x2 patch antenna). However, the addressable part of the sphere is much larger and the full sphere could be covered with less number of antenna arrays, though on the expense of less peak gain. 
Antenna Polarization
The BS antenna is assumed to be dual polarized and thus for a single stream UL the UE antenna can be single polarized as well as dual polarized. Some antenna configurations can preferable be implemented as dual polarized (such as the patch antenna) whereas there are other configurations where a requirement of dual polarizations would put unnecessarily hard limitation on the design freedom.
Proposal 2: Both dual polarized as well as single polarized UE antennas should be possible.
UE Conducted Output Power
Total conducted UE power for coexistence study is max 23dBm [6]. For the feasibility of EIRP we think a power class of 20dBm at 30GHz range shall not be precluded. The distributed configuration where a dedicated PA feed each antenna port is more likely [3]. For 20dBm total conducted power distributed equally, each antenna port is fed by 14dBm in the single polarized 1x4 notch array and 11dBm in the dual polarized 2x2 notch case.
Proposal 3: Power class of 20 dBm or lower total conducted power for the 30GHz range shall not be precluded.
EIRP
EIRP is given by EIRP = PC + GBF + GE where PC is the total conducted power, GBF is the beamforming gain and GE is the antenna element gain. Assuming PC = 30dBm and GBF = 5dB in average (GBFmax = 6dB), thus for the 4x4 patch antenna average EIRP = 30dBm and for the 1x4 notch array average EIRP = 27dBm. For a power class of 23dBm EIRP will be 3dB higher. Feasible EIRP is thus in the range of 27 – 33 dBm.
Proposal 4: Max EIRP is 27 – 33 dBm considering different antenna solutions and different power classes.
Conclusions
Two different antenna configurations for the 30GHz band has been analyzed from a beam forming gain and addressable part of the sphere point of view. Corresponding EIRP has been discussed taken different power classes into account. The following proposals are made:
Proposal 1: Minimum EIRP specification shall account for different antenna configurations.
Proposal 2: Both dual polarized as well as single polarized UE antennas should be possible.
Proposal 3: Power class of 20 dBm or lower total conducted power for the 30GHz range shall not be precluded.
Proposal 4: Max EIRP is 27 – 33 dBm considering different antenna solutions and different power classes.
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APPENDIX Simulation of antennas
Matrix of Patch Antenna Elements
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Figure 3. Simulation setup for patch antenna matrix
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Figure 4. 2D pattern of single patch antenna element
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[bookmark: _Ref473909527]Figure 5. 2D pattern of patch antenna matrix. Cut through max of one beam (beam pattern according to Figure 1.) 
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Figure 6. Total scan pattern for patch antenna matrix. Four beams.


Array of Notch Antenna Elements

[image: ]
Figure 7. Simulation setup, notch antenna array
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Figure 8. 3D pattern of edge mounted single element notch antenna
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Figure 9. 2D pattern of edge mounted single element notch antenna
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[bookmark: _Ref473909688]Figure 10. 2D pattern of notch antenna array. Cut through max of one beam (beam pattern according to Figure 2.)
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Figure 11. Total scan pattern of edge mounted notch antenna array. Four beams super positioned / continuous beam sweep.
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