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I. SUMMARY

Base transceiver systems transfer large amounts of sampled baseband signals over serial data links between base station
processors and RF modules. To comply with evolving wireless communication standards, greater data rates on these serial links
are needed. However, increasing the actual bit rate on the links or increasing the number of physical links is in conflict with
the existing base transceiver constraints including power consumption, geographical characteristics, and cost. Furthermore, the
above-mentioned link has become of a great importance recently with the emerge of distributed antenna systems and cooperative
base station settings. This paper explores the compression of baseband signal samples prior to transfer over the serial data link
between a base station processor and RF unit. We study and experiment lossy and lossless compression of baseband signals
and analyze the cost and gain of each approach. Sample quantizing is proposed as a lossy compression scheme and it is
shown to be effective by experiments. With QPSK modulation, sample quantizing achieves a compression ratio of 4 and 3 in
downlink and uplink respectively. The corresponding compression ratios are 2.3 and 2 for 16-QAM modulation. Well-known
lossless compression algorithms including arithmetic coding, Elias-gamma coding, and unused significant bit removal (USBR),
and a recently proposed baseband signal compression scheme are analyzed and applied to real baseband signal samples. Our
simulations and over the air experiments suggest that compression of baseband signal samples is a feasible and promising
solution for increasing data rates on links between base station processors and antennas without enforcing much complexity
and cost to base stations.

II. PROBLEM INTRODUCTION AND MOTIVATION

Base station consists of the base station processor (BSP) which is connected to local/remote radio units via copper wire
or fiber optic serial data links which transfer baseband sampled signals. The high data rate requirements of evolving wireless
standards have led to a need for increasing the data rates on this link. In particular, since in distributed antenna system, several
remote antennas are connected to a single base station processor, increasing the rates of transmission or increasing the number
of physical links will largely add to hardware complexity, cost and power consumption. While 3G required low cost fiber
optic to carry W-CDMA carriers, 4G networks require costly fiber optic connections with higher bit rates. Moreover, with
several remote radio units in one sector, an increase in the bit rate of links to each of them result in a great bit rate increase
in the aggregate link between baseband processor unit and radio unit. These tighter requirements on the BSP-RF links make
the 3G to 4G migration harder for operators. As a result, the BSP-RF link which has not been of noted traditionally, becomes
important.

Recently, compression of data prior to transfer over the BSP-RF serial links has been proposed and attracted much interest.
Compression is a pathway to increase the bit rate of the existing data links while conserving resources by keeping the actual
transmission rate unchanged. Since the baseband signals are usually oversampled, compression can reduce the redundancy.
Therefore, compression can help to simplify the link between remote/local RF units and BSP, reduce the power consumption,
and eliminate the need to upgrade the existing links. Compressing and decompressing signal samples have overheads too. In
order to be cost-effective, compression/decompression schemes must have reasonably low latency and use minimum resources.
In addition, the distortion caused by a lossy compression has to be tolerable. Figure 1 illustrates a base station architecture
that applies compression to I/Q baseband samples in both downlink and uplink. In this work, we explore different lossy and
lossless approaches to the compression of baseband samples traveling between BSP and RF in a base transceiver system.

III. RELATED WORKS

Wegener [1] proposes compressing baseband signal over the BSP-RF serial data link of the base transceiver system . Their
proposed compression method is sample-by-sample differencing followed by block floating point encoding. It is stated in [2]
that implementation of the proposed compressor in a Digital Signal Processor (DSP) requires about 50 instruction per sample
and compression ratios fall between 1.3:1 and 2:1 on baseband signals. Reference [3] describes real time sensor compression
for medical transducers such as CT scanners to reduce the costs of the medical imaging data acquisition, transport, and storage
infrastructure. Medical imaging sensor signals are usually oversampled, they have high peak-to-average ratios, and they are
sampled by imperfect ADCs (that is effective number of bits is less than resolution) [3]. As a result there are redundancies that
can be removed. A method for analog compressed sensing is introduced in [4]. In this method, analog bandlimited signals are
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Fig. 1. Base station architecture with compression/decompression

sampled at rates lower than Nyquist, without loss of information. This allows compression in the sampling stage. This paper
considers the case of multiple narrowband transmissions with arbitrary and unknown carrier frequencies. Recently, several
compression techniques have been proposed to improve the performance and power efficiency of serial links in network on
chip (NoC) architectures like Unused Significant Bit Removal (USBR) [5]. Also, Frequent-pattern compression [6] has been
used for cache compression.

IV. PROPOSED APPROACH

We consider both lossless and lossy compression schemes. Lossy methods generally have better compression performance but
they cause distortion as some of the samples are corrupted or lost. We try to find a balance between compression performance
and data loss by exploring different schemes. The implementation complexity and latency of compression and decompression
modules that must be added to base stations is of great importance. These factors directly affect cost and performance of a
base station.

Although, at first sight it may seem that there is no redundancy in modulated symbols traveling between baseband processor
and antenna, there are a couple of processing steps done in base stations that generates correlation between baseband signal
samples. One of these processes is the upsampling and interpolation of the modulated symbols by pulse shaping filter. In
uplink, where the base station receives noisy samples, we expect compression to be more challenging. Among several other
lossless compression schemes that we tried, in this work we discuss the following schemes which appeared to have the best
performance in compressing baseband signal samples: 1. Adaptive Arithmetic coding (AC) [7] 2. Elias-gamma coding [8]
3. Unused significant bit removal (USBR) [5]. These algorithms have never been used in the BSP-RF link compression. We
propose to use a differencing step before coding with each of the above schemes. Differencing decreases the range of the
values to be compressed and accordingly it may improve the compression performance as we show in our experimental results.
Differencing operation does not generate much of overhead since it needs simple subtractions.

We propose scalar quantization or least significant bit removal for compressing baseband samples. This lossy compression
scheme shifts out a number of least significant bits (LSB) of each sample in transmitter and shifts in zeros instead in the
receiver. Therefore, using this technique, has the same effect of quantization when the transmitted and received samples are
compared. The number of LSBs that can be removed without causing distortion (hence compression ratio) depends highly on
the modulation type. With higher size constellations, the Euclidean distance between constellation points are smaller, therefore
in order for the detector to detect correctly, more resolution is needed. As a result less LSBs can be ignored in modulations
with more symbols. In other words, since higher size modulations are more sensitive to noise and quantizing I/Q samples is
a kind of added noise, we expect to be more sensitive to quantization.

V. RESULTS

To conduct our over-the air experiments, we use WARP boards [9] and WARPLab framework [10]. WARP is a programmable
wireless platform which includes FPGA, radio boards and other components to prototype wireless physical layer. The best
lossless compression ratio is 1.5:1 in downlink. We found that, in all cases, compression ratio is noticeably lower in uplink.
This is because the noise of the wireless channel decrease the correlation between consecutive samples. Another important
observation that we made is that increasing upsampling rate improves the compression ratios in TX direction but has no effect
on compression ratios in the RX direction. All of these algorithms consist of a differencing step before compression. We
observed that, a differencing order of 1 in uplink and 4 in downlink result in the best performance. Our experimental results
for lossy compression show that with our proposed quantization technique, for DQPSK modulation, we can have a compression
ratio of 4:1 and 3.5:1 in downlink and uplink respectively. For 16-QAM modulation, a compression ratio of 2.3 in downlink
and 2 in uplink is acheived.

Quantization offers better compression ratio comparing to lossless schemes. Lossless compression does not seem to be a
promising strategy for our purpose; in particular, they are less effective in uplink. While lossless methods have the advantage
of not introducing distortion at all, we showed that quantization can have better compression performance without adding
noticeable distortion. The performance of quantization method is highly dependent on several factors including modulation
type, channel bandwidth and noise level. Quantization has a very good compression performance for modulation types with
low constellation size and since it is fairly cheap to implement in hardware it can be a good option for compression in base
stations.
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