
22.8.1 Appendix 22.A: CDMA 2000 – history

As the importance of high-speed wireless data transmission became obvious, the IS-95

community decided to develop a new cellular standard that was capable of the higher data

rates required. First steps were made by revisions A and B of the IS-95 standard, which

enabled data rates of up to 115 kbit/s. In the late 1990s, a third-generation standard for even

higher data rates and higher voice capacity was developed. This standard is known as CDMA

2000, or 3GPP2 (Third Generation Partnership Project 2). It shows considerable similarities to

WCDMA (see Chapter 23), but is not interoperable. The main emphasis of CDMA 2000 is

smooth transition from existing IS-95 networks to CDMA 2000 networks both by using the

same core network, and by choosing the parameters for the physical layer in a way that is as

similar as possible. In this appendix, we describe the key changes from IS-95 to CDMA 2000.

CDMA 2000 in its original form mainly increased the efficiency of the IS-95 system by

providing new features, including (i) provisions for transmit diversity and smart antennas,

and (ii) a separate pilot for each uplink, thus enabling coherent reception. It also included

two possible modes of operation: the so-called 1x mode, which uses 1:25MHz of bandwidth,
and the so-called multicarrier CDMA (also known as 3x mode), which uses 5MHz of bandwidth

by combining three IS-95 carriers into one band.

CDMA 2000 uses several features that were not present in IS-95:

. Supplemental channels are enhanced, so that they can support not only control information

(with data rates smaller than 9:6 and 14:4 kbit/s), but also high data rates for actual data
transmission at up to several Mbit/s. More precisely, supplemental channels operate in two

modes. In mode 1, they are completely analogous to supplemental channels in IS-95,

supporting rate-set-1 and rate-set-2 of IS-95. The receiver blindly detects the data rate of

the channel. In mode 2, the data rates are larger than 14:4 kbit/s, and are negotiated

between the BS and MS.

. Dedicated and common control channels are used for packet data services. The common

control channel carries short user bursts and Media Access Control (MAC) signaling for

packet data. Dedicated control channels can either carry short user bursts, or can carry

information about power control and link continuity.

. Walsh codes now have a variable length. These variable-length codes can be used for data

transmission in supplemental channels.

. Faster power control in the downlink.

. A pilot for each uplink channel, enabling coherent reception.

. Enabling of smart antennas, by introducing dedicated and common auxiliary pilot channels.

The first CDMA 2000 network was launched at the end of 2000 in Korea, and other operators

in both Asia and America soon followed. Since then, the standard further evolved in two

directions: one is the so-called multicarrier CDMA, which uses 5MHz of bandwidth instead

of the 1:25MHz of IS-95. The more successful mode has turned out to be 1x-mode, especially
since the introduction of a high-speed packet data mode 1xEV-DO (also known as IS-856).

Being a packet data mode, 1xEV-DO is also well-suited for Voice-over-IP (VoIP), and competes

with the General Packet Radio Service (GPRS) evolution of GSM (Appendix 21.C), and the

High Speed Downlink Packet Access (HSDPA) approach of WCDMA (Chapter 23).
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22.8.2 Appendix 22.B: CDMA 2000 – 1x mode

A key aspect of the 1x mode is its good compatibility with the original IS-95 system.

When operating in the 1x mode, a CDMA 2000 BS can support communication with both

IS-95 and CDMA 2000 MSs. In addition to the channels existing in IS-95, there are also a

number of new channels that support additional functionalities like packet data and smart

antennas.

Logical channels

Dedicated channels on the downlink CDMA 2000 has channels that are compatible with IS-95, as

well as new channel types. The Fundamental CHannel (FCH) is similar to the traffic channel, and

also allows four different data rates; depending on the rate set, the maximum data rate is 9:6 or
14:4 kbit/s. The dedicated control channel is transmitted either at full rate, or not at all. There
can also be one or two Forward Supplemental CHannels (F-SCHs), which provide higher data

rates. The reason for having additional channels, and not just one channel with a variable

spreading factor, is that it is easier for the transceiver to turn supplemental channels

on/off, rather than constantly changing the code rate of a single available channel. Note also

that the FCH always exists, so that an SCH can only occur in conjunction with an FCH.

In the downlink, signaling information can be transmitted either using ‘‘blank-and-burst’’,

where it replaces some speech information, or by transmission on a separate channel, the

Forward Dedicated Control CHannel (F-DCCH). The latter approach is especially useful when

VoIP transmission is used.

If directive antennas are used, then the Forward dedicated Auxiliary PIlot CHannel (F-APICH)

is used to obtain the channel estimate for this specific link.

Finally, the Forward Packet Data CHannel (F-PDCH) is used for transmission of data

packets, and is assigned for very short time intervals (1.25ms, 2:5ms, or 5ms) to one user.

We will not discuss this channel in the remainder of this subsection, but rather defer description

to 1xEV-DO mode below.

Common channels on the downlink The first group of common channels are the pilot channels.

In addition to the common pilot channel known from IS-95, there can also be additional

pilot channels dedicated to one specific link (see above), as well as the Forward Transmit

Diversity PIlot CHannel (F-TDPICH) and the Auxiliary forward Transmit Diversity PIlot

CHannel (ATDPICH) used for transmit diversity. Just as in IS-95, the Forward

SYNChronization channel (F-SYNC) is used by the MS to acquire initial system information.

An important change with respect to IS-95 occurs in paging. While CDMA 2000 still has a

paging channel to ensure backward compatibility, the functionalities are usually taken care of by

a whole set of new channels, each of which is optimized for a specific task. The Forward Quick

Paging CHannel (F-QPCH) contains a very short message (modulated with on/off keying) that

tells an MS whether there is a paging message waiting or not. If no message exists, then the MS

can immediately go back to sleep mode, which saves energy. Only in the (statistically rare) case

that there actually is a paging message, the MS stays powered up, and listens to the ensuing

message on the Forward Common Control CHannel (F-CCCH). System configuration and other

parameters are transmitted on the Forward Broadcast Control CHannel (F-BCCH).

Another group of control channels comprises the Forward packet Data Control CHannel

(F-PDCCH), which contains the signaling and control information for the packet data

channel. Finally, the Forward Common Assignment CHannel (F-CACH) and the Forward

Common Power Control CHannel (F-CPCCH) exist.
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Dedicated channels on the uplink The dedicated channels in the uplink are of the same type as the

dedicated channels for the downlink – namely, the Reverse PIlot CHannel (R-PICH), Reverse

Fundamental CHannel (R-FCH), the Reverse Dedicated Control CHannel (R-DCCH), and the

Reverse Supplemental CHannel (R-SCH). In addition there are the Reverse Channel Quality

Indicator CHannel (R-CQICH) and the Reverse ACKnowledgement CHannel (R-ACKCH).

Common channels on the uplink The common channels in the uplink are similar to IS-95, and

include the Reverse Access CHannel (R-ACH), which exists also in IS-95, as well as two new

channels: the Reverse Enhanced Access CHannel (R-EACH), and the Reverse Common Control

CHannel (R-CCCH). The reason for introducing new access channels lies in the fact that for

CDMA 2000 random access messages are more frequent and longer. This leads to larger

probability of messages getting lost, higher latency, and higher use of system resources.

CDMA 2000 thus defines two modes for random access: basic mode, which is used for short

messages, is similar to IS-95 and messages are transmitted with increasing power, until the BS

sends an acknowledgement that it has received the message; and, for longer messages, reservation

access mode is used. In reservation access mode, random access messages are split up into two

parts. In the first part, the MS sends a very short request to obtain some reverse link capacity.

The BS then acknowledges this request on the F-CACH. Such a frame has a structure that is

similar to the header of the access message; most notably, it contains a unique ID showing

which MS is being acknowledged. Once the MS receives an acknowledgement, it can transmit

the data part of its message on the R-CCCH. This channel has power control, and is thus more

reliable and more power-efficient than the R-ACH.

Modulation and coding

CDMA 2000 shows a number of improvements in modulation, coding, and power control,

which enhance flexibility and increase throughput compared with IS-95. In the following, we

will discuss the most important enhancements.

Fast downlink power control In IS-95, only the uplink had fast power control, where the transmit

power of the MS could be changed every 1:25ms. In CDMA 2000, the downlink has this

capability as well. Thus, downlink power control is now also able to follow fast fading; this

results in considerable performance enhancements. Fast power control might, however,

introduce some problems when it enforces very large variations in transmit power – e.g.,

when the BS is transmitting just to a single MS. In this case, the effect of this BS on intercell

interference seen by neighboring cells might lead to system instabilities. Thus, the dynamic range

of downlink power control at high data rates can be limited by the operator.

Enhanced error correction coding CDMA 2000 uses significantly different error correction coding: it

has different convolutional codes, and it also includes turbocodes as an option. Convolutional

codes have code-rate-1/2 and code-rate-1/4; the rate-1=4 encoder has the following code

polynomials:

G1ðDÞ ¼ 1þDþD2 þD3 þD4 þD6 þD8

G2ðDÞ ¼ 1þDþD3 þD4 þD5 þD8

G3ðDÞ ¼ 1þD2 þD5 þD7 þD8

G4ðDÞ ¼ 1þD3 þD4 þD5 þD7 þD8

9>>>>>>=
>>>>>>;

ð22:12Þ

Furthermore, turbocodes are being used, providing an additional gain in SNR. A turbocode

has rates of 1=2, 1=3, or 1=4. It can only be used for supplemental channels and frames with



more than 360 bits (remember from Chapter 14 that turbocodes are only effective for larger

interleaver lengths). Further code rates are obtained by puncturing one of these codes.

In addition, interleaving is more flexible than in IS-95, allowing different blocksizes ranging

from 48 to 12,288 symbols.

Transmit diversity CDMA 2000 also enables transmit diversity either in the form of Orthogonal

Transmit Diversity (OTD) or Space Time Spreading (STS). STS is simply the Alamouti code

described in Section 20.2.9. In OTD, adjacent bits are transmitted from different antennas,

where each antenna uses a different Walsh code. In order to keep the number of possible

users the same, the length of the codes is doubled – as can easily be seen from the

Orthogonal Variable Spreading Factor (OVSF) tree, where two codes with twice the length

use up as much of the available code space as one shorter code.

Modulation for the downlink CDMA 2000 uses OVSF codes – i.e., Walsh codes with a variable

spreading rate (see Section 18.2.6), where the spreading rate can vary between 2 and 512. This

gives increased flexibility for the number of data rates that can be supported. In addition,

CDMA 2000 also defines a set of Quasi Orthogonal Functions (QOFs) that are used for

modulation when all codes from the original OVSF have been used up – i.e., all codes with

spreading factor 256 or their mother codes in the codetree are used. This situation can occur

particularly when smart antennas are being used.

Modulation itself has changed. While IS-95 uses Binary Phase Shift Keying (BPSK) followed

by Quadrature Phase Shift Keying (QPSK) scrambling, CDMA 2000 uses QPSK followed by

QPSK scrambling. In other words, after multiplication of the data by the long code, the data are

multiplexed onto the I- and Q-branch, and it is these complex modulation symbols that are then

spread with Walsh codes. This allows the spreading factor of Walsh codes to double, and thus

puts more users in one cell.

Modulation for the uplink Uplink modulation shows considerable changes from IS-95 uplink.

Different logical channels transmitted from one MS are separated by different Walsh codes.

Each MS transmits a fundamental (traffic) channel, a pilot channel, and possibly other

control channels. Existence of the dedicated pilot channel is a major difference from IS-95;

it has the advantage that coherent demodulation is easily accomplished, while it has the

drawback of consuming additional power. At higher data rates, in particular, advantages

outweigh the drawbacks. However, since the pilot tone is relatively weak, the modulation

format used is BPSK (and not QPSK, as in the downlink), since BPSK is more robust with

respect to channel misestimation.

Frame duration In addition to the 20-ms frame of IS-95, CDMA 2000 also defines 5-ms frames,

as well as 40- and 80-ms frames, which gives higher flexibility. Long frames are mainly used for

non-real-time services. For data transmission with data rates between 81:6 and 3,091 kbit/s,

frame sizes of 1:25, 2:5, and 5ms are possible.

Handovers

Handover strategies have also been modified for CDMA 2000. The main changes include:

1. Enabling interfrequency handovers, as well as intersystem handovers – e.g., during

transition from an IS-95 coverage area to an area using CDMA 2000 3x. Note that for

such handovers normal reception must be interrupted.

2. Enabling independent handovers for different channels – e.g., the FCH and the control

channels can be handed over at different times.



22.8.3 Appendix 22.C: CDMA 2000 – 3x mode

The 5-MHz mode of the CDMA 2000 system is also known as ‘‘3x mode’’ (because it uses three

carriers), or as ‘‘multicarrier CDMA mode’’. This latter name is unfortunate, because it leads to

confusion with the MC-CDMA modulation discussed in Section 19.10, which is a quite different

concept. We will thus henceforth only use the name ‘‘3x’’ for this mode.

The basic idea behind 3x is to use a larger bandwidth, thus allowing a higher data rate.

The larger bandwidth is realized in different ways for the uplink and the downlink. In the

uplink, the MS uses a larger chip rate – namely, 3 � 1:2288 ¼ 3:6864Mchip/s. In the downlink,
the BS transmits in parallel on three adjacent carriers. The data are first encoded similar to

IS-95, and then multiplexed over the three carriers. Thus, frequency diversity at a larger

bandwidth is still available.
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22.8.4 Appendix 22.D: CDMA 2000 – 1xEV-DO

This mode is a packet data system that employs a single 1:25-MHz carrier. It offers a peak data
rate of 2:4Mbit/s. In contrast to ‘‘classical’’ CDMA, each packet is assigned one or several

timeslots, and exploits the full available power of the system during that slot (see Fig. 22.2).

Each slot is 1:67ms long. Packets with durations between 1,024 and 4,096 bits occupy between 1
and 16 slots, depending on the modulation and coding scheme.

Figure 22.5 Comparison of IS-95 and 1xEV-DO downlinks.

Reproduced with permission from Parry [2002] # IEEE.

1xEV-DO uses adaptive modulation and coding, where coding rates range between 1=5 and
1=3, and the modulation formats include QPSK, 8-PSK (Phase Shift Keying), and 16-QAM

(Quadrature Amplitude Modulation). An important factor is the use of incremental redundancy

(hybrid ARQ): the MS starts decoding of the packet as soon as the first bits arrive. It transmits

a message to the BS as soon as it has successfully completed decoding – this may even be before

the BS has finished its transmission (remember that error correction introduces redundancy,

that, under good channel conditions, might not be necessary). The BS stops its transmission

as soon as it has received the success message from the MS. This approach is a kind of closed-

loop rate control. It is used in addition to open-loop rate control, where the BS adjusts

modulation and coding parameters according to the channel state, but includes a safety

margin [Sindhushayana and Black 2002].

This hybrid-ARQ (Automatic Repeat reQuest) method also has important implications for

channel coding: codes must be designed in such a way that they are not only good codes in their

‘‘full’’ form, but also when their output is truncated. 1xEV-DO uses turbocodes (possibly

punctured) that are interleaved. Details about the code construction can be found in

Sindhushayana and Black [2002].
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