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Disclaimer

The information in this report has been provided in good faith but is for general information
purposes only. It should not be relied on for any specific purpose and no representation or
warranty is given as regards its accuracy or completeness. To the maximum extent permitted by
law, we disclaim all implied warranties with regard to the information, services and materials
contained in this report. All such information, services and materials are provided “as is” and “as
available” without warranty of any kind.
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Executive Summary

Traditional testing that operators and their vendors do for LTE performance has been largely
focused on downlink performance. However as LTE matures, the focus for LTE-Advanced is
now shifting towards algorithms and applications such as SC-FDMA clustering and simultaneous
PUCCH/PUSCH for improving the efficiency of the uplink channel as well. One of the key challenges in
testing the uplink is factoring the dynamically changing power being transmitted by the device to
compensate for changes in the channel. The Azimuth Reciprocal Path Loss (RPL) solution is the first
purpose built solution in the market that is specifically designed to allow the user to test such
dynamic variations while providing a channel environment for testing such algorithms. This case
study shows the impact of testing LTE PUCCH power control of the device under truly reciprocal
channel conditions that factor the downlink and uplink variations.
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Introduction

The focus of typical pre-deployment performance and conformance testing that operators and
device vendors do in the lab is usually on the overall downlink performance of the device. The use of a
diverse set of Over-the-Top (OTT) services and applications such as video conferencing requires the
performance of the uplink to be robust as well. A key part of LTE-Advanced includes uplink access
enhancements such as clustered SC-FDMA and simultaneous PUCCH/PUSCH access to improve the
efficiency of uplink transmissions. These transmissions on the uplink have a direct impact on the
Transmit (Tx) power of the User Equipment (UE) and have to be balanced with the ever-increasing
need to support more LTE users per cell on a limited radio channel on the uplink.

Uplink power control algorithms help the UE achieve the optimal power to reach the eNB at the right
power level without causing excessive interference to other transmissions in the same or other
cells [1]. These algorithms have a direct impact on throughput performance, mobility, signaling and
scheduling performance of the UE and the network. Hence for a more complete performance
assessment, one must also consider the impairments that a wireless environment may provide on
the uplink.

Traditional lab testing for LTE has been done with a focus on downlink throughput performance by
keeping a static channel on the uplink. This is typically due to complexity in building a true
bi-directional channel in a lab environment that accurately mimics the dynamically changing real
world while factoring these changes in the transmit power of the UE. As a result these uplink
algorithms are not exercised and hence users may only get a partial picture of the overall
performance of devices.
In this case study we analyze the impact of both downlink and uplink path loss variations on the
transmit power of an LTE UE. In order to do this, we leverage the fact that the link (downlink and
uplink) is typically reciprocal in nature. Using this property of the air interface along with device
measurements collect in the downlink, we can recreate the uplink environment in a lab environment
using the Reciprocal Path Loss (RPL) feature available in the ACE RNX channel emulator. RPL adds a
new dimension to traditional downlink tests by dynamically computing and applying the uplink
path loss based on data collected by the UE.

4

4

Power Control in LTE

In LTE, the main purpose of power control is to compensate for the variations in power due to slow
fading i.e. shadowing or variations due to path loss. This is done through a combination of open
loop and closed loop power schemes. Closed loop schemes allow the eNB to leverage power
measurements from the UE in addition to estimates to control the power. These are described and
implemented using the PUSCH, PUCCH and SRS transmit power as per [2]. As per [2], the Power
control in LTE for PUSCH is defined as shown below:

𝑃𝑃𝑈𝑆𝐶𝐻= 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 (𝑃𝑐𝑚𝑎𝑥,10∗𝐿𝑜𝑔10(𝑀𝑃𝑈𝑆𝐶𝐻+𝑃𝑜𝑃𝑈𝑆𝐶𝐻+ ∝∗ 𝑃𝐿+ Δ𝑇𝐹+𝑓(𝑖))
,
Where,






𝑃𝑐𝑚𝑎𝑥 is the configured UE maximum power
𝑀𝑃𝑈𝑆𝐶𝐻 is the bandwidth of the resource block allocation for PUSCH
𝑃𝑜𝑃𝑈𝑆𝐶𝐻 is the nominal PUSCH power provided by higher layers
∝ determines how much of the path loss component needs to be taken into consideration. It ranges from
0 to 1 where 1 indicates that all the path loss needs to be considered into the formula.

 𝑃𝐿 𝑖𝑠 𝑡ℎ𝑒 𝑝𝑎𝑡ℎ𝑙𝑜𝑠𝑠
 Δ𝑇𝐹 is a parameter that is calculated using a UE specific parameter deltaMCS-Enabled that is provided by
higher layers
 f(𝑖) is the closed look feedback parameter that is provided by the eNB
The power control in LTE for PUCCH is defined as shown below:

𝑃𝑃𝑈𝐶𝐶𝐻 = 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 (𝑃𝑐𝑚𝑎𝑥, 𝑃𝑜𝑃𝑈𝐶𝐶𝐻+𝑃𝐿+ Δ𝐹_𝑃𝑈𝐶𝐶𝐻+(𝑖))
Where,

 𝑃𝑐𝑚𝑎𝑥 is the configured UE maximum power
 𝑃𝑜𝑃𝑈𝐶𝐶𝐻 is the nominal PUCCH power provided by higher layers
 𝑃𝐿 𝑖𝑠 𝑡ℎ𝑒 𝑝𝑎𝑡ℎ𝑙𝑜𝑠𝑠
 Δ𝑇𝐹_𝑃𝑈𝐶𝐶𝐻 is a parameter that is provided by higher layers and corresponds to a specific PUCCH Format
 𝑔(𝑖) is the closed loop feedback, also referred to as the Transmit Power Control (TPC) command
When we compare PUSCH and PUCCH power, we notice that the major difference is the impact of
Resource Block (RB) allocation on the PUSCH power control algorithm. This is due to the fact that
PUSCH carries the user information or data on the uplink along with control information related to
MIMO parameters. Depending on the resources requested by the UE and the Quality of Service
(QoS) requirements of the operator, the 𝑃𝑃𝑈𝑆𝐶𝐻 may hit maximum power faster and it will be difficult
to isolate the specific impact of path loss variations. We also notice that for 𝑃𝑃𝑈𝐶𝐶𝐻 the parameter of

∝ is equal to 1. This indicates that PUCCH power depends quite a bit on the path loss variations.
Hence to examine the specific impact of path loss in this study we specifically examine the PUCCH
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power control scheme. We specifically look at the impact of changing the path loss in the downlink as
well as the uplink on the PUCCH Tx power.
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Test Setup and Configuration

The exercise was performed with in a Tier-1 US operator’s lab with the UE connected to the live
network through the ACE RNX as shown in Figure 1 below. The ACE RNX was used to recreate the field
RF conditions. This was done through Azimuth’s Field-to-Lab (FTL) solution that recreates field
conditions for a drive test (extracted from a scanner/diagnostic monitor log) in the lab on the ACE
RNX. FTL also provides the user the flexibility to override some parameters during playback with
values different from what was seen on the field.

Figure 1. Setup Configuration

UDP traffic was used to ensure that there were no bursts of traffic impacting the resource block
allocation. The same diagnostic monitor as what was used in the field was used to capture the log
during the test in the lab.
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Results

Graph 1 shows the path loss variations captured as a function of Reference Signal Received Power
(RSRP). RSRP is the average reference power of reference signals and can be considered as a good
indicator of the power received by the UE due to the downlink path loss since it does not factor the
impact of noise and interference. In Graph 2 we first run the test without changing the path loss on
the uplink with the same RSRP variations as Graph 1 i.e. with a fixed channel on the uplink. Even
though there are variations on the downlink path loss, we see that the power being received to at the
eNB is fairly constant. This is due to the fact that the target power on the eNB is being received easily
with a static link on the uplink, thus resulting in the eNB not requesting for more or less power.

Graph 1. RSRP variations

Graph 2. PUCCH power without Uplink pathloss variations

Graph 3. PUCCH power with Reciprocal Path Loss (RPL) Enabled

We then turn on the RPL feature on the ACE RNX, which ensures that the RSRP variations in graph
1 are converted to a path loss parameter and applied on the uplink. From the perspective of a
channel we also apply the reciprocal channel to mimic the reciprocity of the air interface. We notice
that in Graph 3 the Tx power for the UE starts tracking the path loss variations and we see that it is
almost a mirror image of the RSRP. This is due to the fact that the UE power being received by the
eNB on the uplink may be less or more depending on the path loss being applied. Since the uplink is
shared among different users, the eNB needs to ensure that the UE will not saturate other users by
transmitting at a very high power. The eNB sends Transmit Power Control (TPC) commands to the
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UE to reduce or increase its power level to compensate for these path loss variations. The goal is
to try to overcome the interference and the reach the nominal power i.e. Po as communicated
by the eNB. Thus we see that the UE behavior is very different when compared to doing a test only in
the downlink versus doing a test that is truly bi-directional and mimics the channel environment.
In order to create a scenario that is representative of the real world we need to ensure that the UE
undergoes similar power transitions as seen in the real world. The uplink power control
impacts the throughput, interference received at the eNB, battery life, response of the eNB to
measurement reports and overall performance of the UE. Field validation of such algorithms is
difficult since we cannot isolate aspects of the channel environment such as path loss in a controlled
and repeatable way. 3GPP R10 has specified the possibility of using multiple PUSCH being transmitted
on multiple carriers resulting in more complicated power control algorithms when used in
conjunction with Carrier Aggregation. With the Azimuth solution it is possible to take field conditions,
isolate and create RF conditions that allow the user to test such algorithms and determine
whether it is working as per expectations.

7

Conclusion

As we see from the test results, the path loss variations in the uplink have a significant impact on the
UE power control behavior specifically on PUCCH Tx power control. Uplink power control algorithms
are a key part of LTE and LTE-Advanced technologies. These algorithms need to quickly adapt to the
complex channel environment and leverage it in order to optimize transmit power, uplink throughput,
battery etc.
Traditional testing that uses a static uplink channels with a focus on downlink performance
doesn’t exercise these UE power control algorithms sufficiently. The ACE RNX solution with its RPL
feature is the first solution in the market that is purpose built to create a truly bi-directional channel
environment for testing uplink LTE and LTE-Advanced power control algorithms.
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