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Motivation to study UE antenna scaling
enhancement in FR2-1 and FR2-2 in Rel-18

Apple

ppppp



Background

= Introduction

—As a technique to reduce the power consumption of FR2-1 and  Fxample RF architecture with 4 antenna elements Example RF architecture with 2 antenna elements
FR2-2 UEs, a procedure to enable/disable antenna elements with v
corresponding RF chains can be employed (antenna scaling)

FR2-x UE antenna element scaling
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—When the UE scales antenna arrays, its analog beam forming
codebook undergoes an instantaneous change — %
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—Antenna scaling can impact NW performance, UE RF
requirements on TPC/max input level, and the associated test
procedure
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= Overview of our proposals

—We propose to study this topic as a Rel-18 FR2-1 and FR2-2 RF @
study item

— The study should quantify the impact on network performance

— E.g. UE scales from 4x1 to 2x1 and from 2x1 to 4x1 ‘

— UE may determine different antenna switching points based on Rx signal
strength, Rx signal quality, Tx output power level, or Tx power headroom

— Optimal allocation of the number of UE antenna elements to meet desired
downlink and uplink coverage can be different ~12dB Tx link diff

— The study should identify potential solutions to mitigate impact e
on NW performance

— The study should also identify the impact of UE antenna scaling
on UE RF requirements (e.g. TPC, max input level) and the
associated testability
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Preliminary analysis (1)

= Preliminary system level simulations have been performed to quantify impact on
NW performance due to UE antenna element scaling
—SLS setup:

— 19 sites with Euclidean distance wrap-around; 3 sectors per site (see TR38.803)
— 10 users per sector => 570 users per trial; 201 trials
— NW topologies: ISD = 300 m
— NOTE: more topologies can be evaluated

= Modeling sector-UE coupling loss
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—BS antenna assumptions: 3 sectors per site, 16x8 elements each sector @@
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—UE antenna assumptions: 2 panels, 4x1 elements each
— User orientation in azimuth randomized over 360 deg

—Path loss modeled as UMa-LOS (see TR38.803)
—f =28 GHz

= Modeling antenna scaling
—Scenario 1: 4x1 UE scales down to 2x1
—Scenario 2: 2x1 UE scales up to 4x1

= Analysis:
—For each UE select best beams according to initial element configuration in each scenario
—For each UE use a fixed beam mapping table to select the beam after antenna scaling

—Calculate the difference in user-site coupling gain between fixed beam mapping and further
beam refinement after antenna scaling
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Preliminary analysis (2)

. Res u |tS (g al n |OSS d u e tO flxed beam m ap pl n g) ] User-site coupling gain distributions, UMa-LOS, ISD=300m, TAE=3.0us Mapp1ed vs refined scaling difference in user-site coupling gain, UMa-LOS, ISD=300m, TAE=3.0us
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—@Gain loss is <0.5 dB for 60% of the users (Scen. 2) EEK}//
—Gain loss is >1.0 dB for 20% of the users (Scen. 2) iy
—(@Gain loss is greater when scaling 2x1 up to 4x1 rather  °7/ L
than scaling 4x1 down to 2x1
—@Gain loss is greater when user-site association is not °
optimal (i.e. coupling gain to 2nd strongest site)
= Potential next steps, as part of the proposed
study: | —iEEhins o
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ANnex: proposed study objectives

= Justification

—Any UE implementation can enable and disable tx/rx chains driving the corresponding FR2 antenna elements transparently to the
network, and we do observe this behavior in the field. The motivation for this study is rooted in the observation that when the UE
performs this scaling autonomously, there is a delay until the network knows by receiving UE measurement report or PHR report. The
cause for performance degradation is how fast the UE can inform the network of its scaling with such reports. Before the network
receives such updates, the network would rely on previous reports and there is a mismatch between what the network assumes and
what the UE uses, which leads to performance degradation. The major questions here are how much degradation in system
performance does transparent antenna scaling involve, and how this degradation can be mitigated.

= Study objectives [RAN4]

—Quantify the impact on network performance by the UE performing antenna scaling
— E.g. UE scales from 4x1 to 2x1 and from 2x1 to 4x1; other scenarios are not precluded
— UE may determine different antenna switching points based on Rx signal strength, Rx signal quality, Tx output power level, or Tx power headroom
— Optimal allocation of the number of UE antenna elements to meet desired downlink and uplink coverage can be different

—ldentify potential solutions to mitigate the impact of autonomous UE antenna scaling on NW performance
—ldentify the impact of UE antenna scaling on UE RF requirements (e.g. TPC, max input level) and the associated testability
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