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Introduction to LTE Base Station RF Conformance
Testing

By Moray Rumney and Hiroshi Yanagawa, Agilent Technologies, Inc.

Operator acceptance testing is yet another step in the process and includes more user-
centric tests.
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The successful deployment of 3GPP Long Term Evolution (LTE) depends in large part
on the compatibility and effective interworking of the system's different elements.
Conformance testing ensures that these elements meet a minimum level of
performance as defined in the 3GPP specifications. For LTE base stations, the
conformance tests focus on RF test methods and conformance requirements for
base stations operating in FDD or TDD mode.

The complex and flexible LTE air interface supports many options for modulation
format (QPSK, 16QAM and 64QAM), frequency bands (FDD and TDD), resource
allocations, and mobility. As a result, the number of RF configuration permutations
that can be tested is enormous. In selecting the configurations for the LTE RF
conformance tests, considerable effort was made by 3GPP to identify those
combinations of parameters that represent the most difficult operating conditions
so that when a product passes the tests, the design engineer can be reasonably
confident that the device will perform satisfactorily in many more combinations
than those explicitly tested.

Structure of the Base Station Conformance Tests

The base station RF conformance tests follows a standard format that includes the
title; the definition of the parameter under consideration and applicability of the test
to all or a subset of equipment; minimum conformance requirement with reference
to the subclause of the 3GPP core specification that defines the minimum
requirement; and the test purpose.
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Although the test purpose may seem obvious from the title of the test, a product
may sometimes appear to fail a test for reasons that have nothing to do with the
test purpose. Sometimes tests generate intermediate results that could be
meaningful to other tests. Nevertheless, only the specific items listed in the test
purpose determine the pass/fail result of a conformance test. A clearly written test
purpose helps clarify what is and what is not important, especially when additional
minimum requirements that are not to be tested get copied from the core
specifications to the minimum conformance requirements subclause.

Base station conformance testing for LTE is similar to UMTS except for those areas
of testing affected by the change to using an Orthogonal Frequency Division
Multiple Access (OFDMA) modulation scheme. The base station RF conformance
tests are defined in 3GPP Technical Specification 36.141 [1] and are based on the
core specification TS 36.104 [2]. There are three main categories of conformance
tests: transmitter characteristics, receiver characteristics and performance
requirements.

Transmitter Characteristics

Table 1 lists the transmitter characteristics test cases defined in the conformance
test specification. These tests follow very closely the pattern from UMTS with
differences mainly due to the use of OFDMA . The test for time alignment between
the transmitter branches is particularly important to LTE because of the widespread
use of transmit diversity, spatial multiplexing, and beamsteering. A time alignment
of 65 ns is required, as is the case in UMTS, which specifies ¥4 of a chip (65 ns).

The downlink reference signal power test (TS 36.141 subclause 6.5.4) is the
equivalent of the primary Common Pilot Channel (CPICH) power accuracy test from
UMTS.

Receiver Characteristics
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The receiver characteristics conformance test cases are listed in Table 2. Of note is
the in-channel selectivity test (subclause 7.4). Unique to OFDMA, it tests the
receiver's ability to maintain a particular throughput on an allocation on one side of
the DC subcarrier when a larger signal is present on the opposite side. This test
checks for IQ distortion in the receiver and is the reverse of a UE transmitter IQ
image requirement for in-band emissions.

Performance Requirements

Table 3 lists the base station performance test cases currently defined in TS 36.141.
Note that these represent only some of the requirements given in TS 36.104
subclause 8.

Downlink Test Models
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The base station transmitter conformance tests are carried out using downlink
configurations known as E-UTRA Test Models (E-TM). This concept has been
inherited from UMTS although any similarity stops there. The highly flexible nature
of the downlink OFDMA modulation scheme means that a large number of
parameters are required to fully define any signal. An inspection of the definition of
the E-TM in 36.141 subclause 6.1.1 clearly shows how much more complex the LTE
signal structure has become.

Three distinct classes of test models are defined: E-TM1, E-TM2, and E-TM3. The
first and third classes have further subclasses. All test models share the following
attributes:

* Defined for a single antenna port, single code word, single layer with no precoding
*Duration of one frame (10 ms)

* Normal cyclic prefix

*Localized virtual resource blocks, no intra-subframe hopping for PDSCH
*Cell-specific reference signals only; no use of UE-specific reference signals
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The data content of the PDSCH is generated from a sequence of zeros scrambled
using a length-31 Gold code according to TS 36.211 [3], as are the reference signals
and the primary and secondary synchronization signals. The physical channels
PBCH, PCFICH, PHICH and PDCCH all have detailed definitions. For each E-TM every
physical signal and physical channel is allocated into the channel at a specific
power relative to the reference signal power. There are six different mappings for
each E-TM to take account of the six different channel bandwidths. For those E-TMs
that employ power boosting or de-boosting, an additional table specifies for which
resolution bandwidths the power boosting/de-boosting applies as a function of the
channel bandwidth.

Each E-TM is defined for specific use according to Table 4.

An example of E-TM3.3 is shown in Figure 1. This signal was generated using the
Agilent Signal Studio signal creation software and analyzed using the Agilent
89601A Vector Signal Analyzer software. Amplitude clipping was added to the signal
to emphasize the impact this type of distortion has on EVM vs. time across the
subframe. This can be seen in the top right trace.

Uplink Fixed Reference Channels

The LTE base station receiver and performance tests are carried out using uplink
Fixed Reference Channels (FRCs) in a manner similar to UMTS. The base station FRC
is similar in concept to the reference measurement channels used for UE testing. In
most cases they are single-ended signals that can be generated in a signal
generator without the need for any real time feedback.

The 64QAM example shown in Table 5 uses a code rate of 5/6, which is intended for
testing the highest throughput requirements. For the 100 RB case of A5-7, there are
86,400 bits per 1 ms subframe indicating a maximum throughput of 86.4 Mbps. The
base station performance requirements measured under fading conditions will be
based on reaching a percentage of the maximum throughput under particular
conditions. An example from TS 36.141 Table 8.2.1.5-6 demonstrates that a two
channel eNB receiver operating in a pedestrian A channel with 5 Hz Doppler is
required to reach 70% of the A5-7 FRC maximum throughput when the SNR is
above 19.7 dB.

Conformance Testing [] Necessary but not Sufficient
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For any standards-based technology, the goal of conformance testing is to ensure
that all devices[]base station and user equipmentJmeet a minimum level of
performance. Although the lists of conformance tests may seem large, other kinds
of testing are still needed. For example, a more thorough investigation of
performance margins is important since conformance testing gives a pass/fail result
with no indication of how close the product is to a particular limit. LTE conformance
tests are primarily designed to ensure that the network's underlying transport
mechanisms are in place to carry end-user services, so at a higher level applications
will need to be tested. Operator acceptance testing is yet another step in the
process and includes more user-centric tests. Thus conformance testing is an
important and essential step towards the successful deployment of a new system,
but it is by no means the beginning or end of the test process.

Moray Rumney joined Hewlett-Packard/Agilent Technologies in 1984, after
completing a BSc in Electronics from Edinburgh's Heriot-Watt University. He
currently represents Agilent at RAN WG4, developing the air interface for HSPA+
and LTE. Moray has published many technical articles in the field of cellular
communications and is a regular speaker and chairman at industry conferences.
Hiroshi Yanagawa obtained his BSc in Communication Engineering from Shibaura
Institute of Technology, Japan. He then joined Hewlett-Packard/Agilent Technologies
and has worked in various engineering positions over the last 23 years. Hiroshi
worked as a marketing engineer for impedance measuring instruments for five
years and then moved to custom solution engineering. During this time he
developed analog and digital cellular mobile and base station test systems as a
system engineer. He is now designing an LTE design verification test system.
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