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› Angular coverage per antenna element 
reduced at higher frequencies compared to 
2GHz 

› Poor link budget at high frequencies 

 

› Multiple elements to be considered at the 
UE side for RX as well as for TX 
– Improve the spatial coverage 

› Elements with higher gain + beamforming 
gain 

– For DL reciprocity based operation 

Impact of High frequency 

Simulated pattern  

UE antenna design by Sony 
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Example of 8 antenna UE 
1 2 3 4 

5 6 7 8 

15dB 

UE antenna design by Sony 
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› Distributed amplifier 

– One PA per antenna 

› Common amplifier 

– One common PA for all antennas 

PA implementations 

NB! Total output power the same for both configurations 
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› No fading channel involved (perfect LoS) 

› Evaluation of UE transmission techniques and 

PA implementations 
– Antenna selection (AntSel) 

– Phase only precoding (PhaseOnly)  

– Phase+amplitude (Opt) 

– Common amplifier (Com) 

– Distributed amplifier (Dist) 

 

› Large differences in EIRP between different 

combinations of precoder and PA configurations 
– Antenna selection  and distributed PA a bad 

combination as expected  

› Significant gains compared to Isotropic for 

several combinations 
– Optimal precoder requires common PA not to suffer from 

amplitude variations in optimal precoder 

– PhaseOnly precoder promising 

Resulting EIRP in LOS 
 

Phase only precoding a promising UE side transmission technique 



Slide title  

44 pt 

 

 

 

 

 

 

Text and bullet level 1 

 minimum 24 pt 

 

Bullets level 2-5 

minimum 20 pt 

 

 

 

 

Characters for Embedded font: 
!"#$%&'()*+,-
./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[
\]^_`abcdefghijklmnopqrstuvwxyz{|}~¡¢£¤¥¦§¨©ª«¬®
¯°±²³´¶·¸¹º»¼½ÀÁÂÃÄÅÆÇÈËÌÍÎÏÐÑÒÓÔÕÖ×ØÙÚÛÜÝÞßà
áâãäåæçèéêëìíîïðñòóôõö÷øùúûüýþÿĀāĂăąĆćĊċČĎ
ďĐđĒĖėĘęĚěĞğĠġĢģĪīĮįİıĶķĹĺĻļĽľŁłŃńŅņŇňŌŐőŒœŔ
ŕŖŗŘřŚśŞşŠšŢţŤťŪūŮůŰűŲųŴŵŶŷŸŹźŻżŽžƒȘșˆˇ˘˙˚˛˜˝
ẀẁẃẄẅỲỳ–—
‘’‚“”„†‡•…‰‹›⁄€™ĀĀĂĂĄĄĆĆĊĊČČĎĎĐĐĒĒĖĖĘĘĚĚĞĞĠĠĢĢĪĪĮĮ
İĶĶĹĹĻĻĽĽŃŃŅŅŇŇŌŌŐŐŔŔŖŖŘŘŚŚŞŞŢŢŤŤŪŪŮŮŰŰŲŲ
ŴŴŶŶŹŹŻŻȘș−≤≥fifl 

 

ΆΈΉΊΌΎΏΐΑΒΓΕΖΗΘΙΚΛΜΝΞΟΠΡΣΤΥΦΧΨΪΫΆΈΉΊΰαβγδε
ζηθικλνξορςΣΤΥΦΧΨΩΪΫΌΎΏ 

ЁЂЃЄЅІЇЈЉЊЋЌЎЏАБВГДЕЖЗИЙКЛМНОПРСТУФХЦЧШ
ЩЪЫЬЭЮЯАБВГДЕЖЗИЙКЛМНОПРСТУФХЦЧШЩЪЫЬЭ
ЮЯЁЂЃЄЅІЇЈЉЊЋЌЎЏѢѢѲѲѴѴҐҐәǽẀẁẂẃẄẅỲỳ№ 
 

 

 
 
 
 
 

 
Do not add objects or text in 

the footer area 

Ericsson Internal  |  2015-11-12  |  Page 6 

received UL power in Single 
ray channel 

Significant gains! 

Common PA outperforms distributed PA 

Phase-only precoder performs well compared to OptCom. Loss for median about 

1dB. 

𝜎Phase  error = 0(deg) 

 7dB  6dB 

𝜎Phase  error = 30(deg) 

Only “small” loss from phase errors.  

No loss for AntSel and Isotropic 

30 degree TX phase error seem acceptable in single ray channel  
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UE rotation 
0°  (𝑠𝑡𝑑𝑑𝑒𝑣) 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛 10°  (𝑠𝑡𝑑𝑑𝑒𝑣) 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛 

Gains sensitive to large UE rotations 

Comparison between 0 and 10deg (stddev) rotation; 

- Major impact from 10 deg rotation for all multi-antenna precoders 

- Single antenna precoders insensitive to rotation  
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› Observation 1 UL beamforming has a great potential to improve link budget 

– Median gain in many cases between 6-7dB for phase only precoding over 8 antennas compared 

to isotropic antenna 

– Gains fairly insensitive to large phase errors, up to 30deg standard deviation 

– Gains sensitive to large UE rotations (10deg  standard deviation per axis between Rx and TX 

transm.) 

› Observation 2 Reciprocity schemes outperforms feedback based. 

› Observation 3 PhaseOnly precoding performs fairly well, loss 1-2dB compared 

to optimal precoder. The PhaseOnly precoder  is equal magnitude in contrast to the 

Optimal precoder  and does not suffer from (equal) power per element restrictions. 

 
 

 

 

 

summary 

Proposal: NR support UE side beamforming for TX as well as for RX  


