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1. Introduction

Whether a requirement for open loop transmit power control will be defined by RAN4 for NR [1] is currently a topic under discussion.  This contribution examines the existing proposals and provides Intel’s view on the topic.
2. Discussion

From the UE implementation point of view, the antenna array and beam former design is a trade-off between coverage and peak gain such that the UE can pass both the power class peak EIRP requirement and the potential spherical coverage requirement. Due to a low number of antenna elements on the UE, the spatial responses of beams are significantly different from the idealized assumptions in TR38.803 [7]. Furthermore, due to variations in the packaging process as well as the form factor assembly, the variation of these patterns (especially at pointing angles away from the array boresight axis) is significant. As described in [8], factory calibration of beam forming coefficients is not feasible for each package and/or each device. Thus, a “one table fits all” assumption was used in the power class discussions. We note that this parameter contributes 0.25 dB loss to the peak EIRP, and we expect much greater losses off beam peak (especially close to the extreme angles of beam former operation).
A UE that supports beam correspondence is capable of using RX training (based on the DL signal) to form the TX signal for the UL.  In this situation, the UE EIRP in a given direction will be measured by allowing the UE to adapt to the DL signal that originates from the same direction. This way the UE implementation can make optimal trade-offs between beamforming accuracy (that includes RX measurements in DL as well as beam correspondence) and other transmitter optimizations (total power, antenna array gain, TPC accuracy).
We further note that beam correspondence is a necessary assumption, from the network point of view, during open loop power control.  Whereas during closed loop the network can issue corrections via TPC commands, during open loop the network relies on the UE’s ability perform three main actions: 1) to measure the DL signal, 2) to select the corresponding beam, and 3) to set the output power.  Thus, it makes sense to define a requirement on beam correspondence in conjunction with a requirement on open loop power control.
Proposal 1: The requirement on UE beam correspondence can be defined in conjunction with the requirement on open loop power control.

As discussed in [9], a requirement on absolute power tolerance for an FR2 UE does not make practical sense due to large variability in UE EIRP. However, a requirement on open loop power control is necessary to ensure that the network can rely on the UE’s ability to perform the three main actions described above reliably.

Proposal 2: An open loop power control requirement is needed to quantify the UE’s ability to select the UL beam corresponding to the DL signal (beam correspondence) and its ability to correctly set its output power to compensate the overall coupling loss (open loop TPC).

Although practical UE implementations optimize the selection of particular beamforming coefficients to achieve the trade-offs identified in Observation 5, we conceptually denote the UE’s spatial response in terms of a number of discrete beams and a radiated power value associated with each beam. This is the basis of the spherical coverage discussions, and Figure 1 below provides a conceptual illustration.
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Figure 1: Conceptual illustration of UE beams
Using this illustration we can represent the open loop power control procedures using four scenarios, as shown in Figure 2 below.
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Figure 2: Illustration of OL TPC with four scenarios
In Scenarios 1 and 2 the UE remains in the same position (denoted as Position 1) while the propagation coefficient (which is the inverse of the path loss) varies.  In response to such conditions the UE is expected to select a single beam and to adjust its output power to compensate the path loss and beam gain such that the total received power at the base station approaches the target value of P0-nominal.

In Scenarios 3 and 4 the UE position changes to Position 2 so that the UE now selects a different set of beamforming coefficients to transmit to the gNB.  As in Scenarios 1 and 2, the propagation coefficient is varied to ensure that the UE can adjust its output power to compensate the path loss and beam gain such that the total received power at the base station approaches the target value of P0-nominal.

We note that in each of these scenarios, the UE locates the DL beam, selects beamforming coefficients based on this received beam, and adjusts its output power to compensate the total coupling loss.

A conceptual illustration of a metric to evaluate this requirement is shown in Figure 3.
a) [image: image6.emf]Scenarios

Total Power

received by gNB

Propagation 

coeff.

Radiated 

UE power 

(EIRP)

Absolute OL TPC accuracy tolerance

b) [image: image7.emf]Propagation 

coeff. delta for 

scenarios with 

same UE 

position

EIRP delta 

for scenarios 

with same 

UE position

Relative OL TPC accuracy tolerance


Figure 3: OL TPC metric
There are limits to this metric:  the minimum UE output power as well as the test equipment sensitivity determine the lower bound, while the maximum UE output power in any given direction determines the upper bound.  Since this test is not intended to quantify either of these extreme points, it is possible to define the test case parameters such that optimal operating points are considered.  For example, test equipment can determine the DL power level for which the UE transmits nearly minimum power as one test point and select another DL power level several dB lower for another test point.  Multiple test points and multiple UE positions can be defined to improve the metric’s value, although a trade-off with total test time needs to also be considered.
Evaluation metrics for OL TPC can be defined as:

Option 1: Define the OL TPC absolute tolerance requirement as the average deviation (across all test points) of the total power received by the gNB from the expected P0-nominal (Figure 3

 REF _Ref505336514 \h a)
Option 2: Define the OL TPC absolute tolerance requirement as the linearity of the UE’s compensation of path loss and beam gain in the total output power set during open loop, such that for X increase in path loss (on average across all test points), determine the average increase in radiated power Y and assign a pass/fail metric to the difference between X and Y
Option 3: Define the OL TPC and beam correspondence relative tolerance requirement as the average difference (across all test points which share the same UE position) between the EIRP delta for scenarios with the same position and different propagation coefficient and these propagation coefficients’ difference

Proposal 3: The metric defined for the open loop power control requirement can be defined as Option 1 or Option 2; other options are not precluded.

A procedure for this test can be described as follows:

1. Place the DUT inside the test chamber in an orientation relative to the test equipment measurement antenna corresponding to POS1
2. Transmit a DL signal to the UE with power level PDL,1 such that the propagation coefficient (inverse of the path loss) is A1
3. Measure the UE output power

4. Repeat steps 1 through 2 by sweeping all test positions from POS1 to POSN and propagation coefficients A1 to AN such that all test points are covered; the test positions and propagation coefficients may be randomized to ensure the randomization of the initial conditions of each test

5. The propagation coefficients are chosen such that PDL,1 does not exceed the DL power level used in the minimum output power test, while PDL,N is not less than the DL power level used in the spherical coverage test; alternatively, PDL,N can be defined as a fixed delta relative to PDL,1, such as 4 or 6 dB.

6. Calculate metrics associated with Options 1 and 2 from the complete set of test results

7. Calculate metrics associated with Option 3 from a subset of test results which share the same DUT position relative to the test equipment measurement antenna

Proposal 4: The open loop power control requirement metric can be measured using the test procedure described above.
3. Conclusions

In this contribution we provided a proposal for defining an open loop power control test for FR2 UEs.  We have made the following proposals:

Proposal 1: The requirement on UE beam correspondence can be defined in conjunction with the requirement on open loop power control.

Proposal 2: An open loop power control requirement is needed to quantify the UE’s ability to select the UL beam corresponding to the DL signal (beam correspondence) and its ability to correctly set its output power to compensate the overall coupling loss (open loop TPC).

Proposal 3: The metric defined for the open loop power control requirement can be defined as Option 1 or Option 2; other options are not precluded.

Proposal 4: The open loop power control requirement metric can be measured using the test procedure described above.
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