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EDGE Evolution release 7
As long as network operators fail to offer the UMTS, HSPA+ 
and LTE network technologies universally, which is due in part 
to cost reasons, GSM remains indispensable so that subscrib-
ers can remain online outside of densely populated areas. To 
increase the data rates that can be attained with GSM, the fol-
lowing new methods are required:

Downlink dual carrier
The data rate can be doubled by assigning a second carrier to 
the mobile receiver.

Higher modulation schemes and increased symbol rate 
The data rate can be increased further by using higher mod-
ulation schemes. In addition to 8PSK, 16QAM and 32QAM 
are now also used. Turbo codes are used in the downlink 
to improve the robustness against interference of the new 
modulation schemes. Besides the standard symbol rate of 
270833 ksymbol/s (normal symbol rate, NSR), a new sym-
bol rate of 325 ksymbol/s (higher symbol rate, HSR) has 
been defined, leading to a 20 % increase in the data rate. The 
above-mentioned modulation schemes are also used with the 
increased symbol rate.

EDGE Evolution and VAMOS GSM 
enhancements for the R&S®CMW500
In the shadow of LTE, little attention is paid to GSM. However, network operators and manufacturers of 

mobile devices remain interested in increasing both the GSM transmission rates for data applications 

and the GSM network capacity for voice connections. To do this, they still require top-class, customized 

measuring instruments – such as the R&S®CMW500 universal radio communication tester.

Reduced latency
The conventional block interval (basic transmit time inter-
val, BTTI) has a duration of 20 ms. This can be reduced to 
10 ms (reduced transmit time interval, RTTI) by not only 
transmitting the four bursts belonging to a block during a 
timeslot, but by distributing them over two timeslots.

Faster feedback
Blocks may be lost during data transmission; these blocks 
then have to be transmitted again. Previously, this repeat 
transmission was only possible at the expense of the data 
rate, because a special signaling block had to be transmit-
ted for the repeat request instead of the next data block. 
Fast ACK / NACK reporting (FANR) now allows the nec-
essary information to be embedded into the data block, 
which prevents the loss of any transmission opportunity.

The data rates are summarized in FIGs 1 to 3. EDGE 
Evolution provides two different evolution stages: 
EGPRS-2A based on the NSR and EGPRS-2B based on the 
HSR. This allows some conclusions to be drawn about the 
theoretical transmission rates for typical configurations:

MCS Modulation
Max. throughput 
(kbit/s)

MCS-9 8PSK 59.2

MCS-8 8PSK 54.4

MCS-7 8PSK 44.8

MCS-6 8PSK 29.6

MCS-5 8PSK 22.4

MCS-4 GMSK 17.6

MCS-3 GMSK 14.8

MCS-2 GMSK 11.2

MCS-1 GMSK   8.8

MCS
Modu- 
lation

Bit rate 
(kbit/s)

Symbol  
rate

UAS-11 16QAM 76.8

NSR

UAS-10 16QAM 67.2

UAS-9 16QAM 59.2

UAS-8 16QAM 51.2

UAS-7 16QAM 44.8

MCS-6 8PSK 29.6

MCS-5 8PSK 22.4

MCS-4 GMSK 17.6

MCS-3 GMSK 14.8

MCS-2 GMSK 11.2

MCS-1 GMSK   8.8

MCS
Modu- 
lation

Bit rate 
(kbit/s)

Symbol  
rate

DAS-12 32QAM 98.4

NSR

DAS-11 32QAM 81.6
DAS-10 32QAM 65.6
DAS-9 16QAM 54.4
DAS-8 16QAM 44.8
DAS-7 8PSK 32.8
DAS-6 8PSK 27.2
DAS-5 8PSK 22.4
MCS-4 GMSK 17.6
MCS-3 GMSK 14.8
MCS-2 GMSK 11.2
MCS-1 GMSK   8.8

FIG 1  Previous modulation and coding 

schemes (MCS) in the uplink and downlink.

FIG 2  New modulation and coding schemes for EGPRS-2A (left: uplink level A; right: downlink level A).
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MCS
Modu- 
lation

Bit rate 
(kbit/s)

Symbol  
rate

DBS-12 32QAM 118.4

HSR

DBS-11 32QAM 108.8
DBS-10 32QAM 88.8
DBS-9 16QAM 67.2
DBS-8 16QAM 59.2
DBS-7 16QAM 44.8
DBS-6 QPSK 29.6
DBS-5 QPSK 22.4
MCS-4 GMSK 17.6

NSR
MCS-3 GMSK 14,8
MCS-2 GMSK 11.2
MCS-1 GMSK   8.8

MCS
Modu- 
lation

Bit rate 
(kbit/s)

Symbol  
rate

UBS-12 32QAM 118.4

HSR

UBS-11 32QAM 108.8
UBS-10 32QAM 88.8
UBS-9 16QAM 67.2
UBS-8 16QAM 59.2
UBS-7 16QAM 44.8
UBS-6 QPSK 29.6
UBS-5 QPSK 22.4
MCS-4 GMSK 17.6

NSR
MCS-3 GMSK 14.8
MCS-2 GMSK 11.2
MCS-1 GMSK   8.8

FIG 3  New modulation and coding schemes for EGPRS-2B (left: uplink level B; right: downlink level B).

FIG 4  DLDC receiver test with 5 + 5 timeslots: configuration carrier 1.

FIG 5  DLDC receiver test with 5 + 5 timeslots: configuration carrier 2.

One MCS-9 timeslot = 59.2 kbit/s
One DAS-12 timeslot = 98.4 kbit/s
Ten MCS-9 timeslots = 592 kbit/s
Ten DAS-12 timeslots = 984 kbit/s
Ten DBS-12 timeslots = 1.18 Mbit/s

The signal generator and measurement options required for 
GSM Evolution are available for the most important gener-
ators [1] and for the R&S®FSV / R&S®FSQ signal and spec-
trum analyzers. The functional scope of these options as well 
as the signaling are now also available in the R&S®CMW500. 
This allows transmitter, receiver and protocol tests to be run 
with just one R&S®CMW500. An example of a typical receiver 
test (configuration and measurement) is shown in FIGs 4 to 6, 
while a typical transmitter test (configuration and measure-
ment) is shown in FIGs 7 and 8. 

For emulating an EDGE Evolution base station, the 
R&S®CMW500 must be equipped with the R&S®CMW-KS201 / 
-KS211 options. The R&S®CMW-KM201 option is required for 
the measurements. The R&S®CMW500 currently supports 
the EGPRS-2A evolution stage; no concrete inquiries have yet 
been received from the market for EGPRS-2B.

VAMOS release 9
The number of mobile phone subscribers is constantly rising 
in developing countries. Nevertheless, it is often not worth-
while to set up new base stations. A way of increasing the 
capacity of existing networks using new transmission meth-
ods was therefore sought. The method adopted by the stan-
dardization committees is called VAMOS (voice services over 
adaptive multi-user channels on one slot). VAMOS is able to 
double the channel capacity. Different methods are used to 
achieve this in the uplink and downlink. Both exploit the fact 
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FIG 6  DLDC receiver 

test with 5 + 5 time-

slots: BLER measure-

ment using two car-

riers and MCS-9 cod-

ing as an example.

FIG 7  UAS-11 transmitter test with four timeslots: configuration.

that two superimposed signals can be separated from each 
other via the training sequences. To achieve this, new train-
ing sequences with low cross-correlation and high autocorre-
lation were defined. 

In the downlink, two subscribers are combined via the use 
of the new AQPSK modulation scheme [2]. AQPSK can be 
regarded as the superposition of two GMSK signals. The spe-
cial feature of this new modulation scheme is that different 
output power levels can be assigned to each of the two sub-
scribers at the expense of the other (FIG 9). The power dis-
tribution and the position of the AQPSK symbols in the con-
stellation diagram are defined via the subchannel power 
imbalance ratio (SCIPR). The following applies: 

SCIPR = power in subchannel 1 / power in subchannel 2. 

As a result, even conventional mobile phones can be operated 
in VAMOS mode or two subscribers with different transmis-
sion conditions can be combined. 

In the uplink, both mobile phones use the conventional GMSK 
transmission method. Both telephones transmit their data at 
the same time on the same channel. The base station is able 
to separate the two signals from each other via the different 
training sequences and propagation paths.

For emulating of a base station in VAMOS mode, the 
R&S®CMW500 requires the R&S®CMW-KS203 option 
(FIG 10). As the VAMOS transmitter and receiver test differs 
from conventional measuring mode only due to the new train-
ing sequences, the basic R&S®CMW-KS200 measurement 
option is sufficient.
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Example of AQPSK
Subchannel 2

Subchannel 1

(1, 0) (0, 0)

(1, 1) (0, 1)

Subchannel 2

Subchannel 1

(1, 0) (0, 0)

(1, 1) (0, 1)

FIG 8  UAS-11 transmitter test 

with four timeslots: measurement.

FIG 9  Two examples of the new AQPSK modulation scheme. Distribu-

tion of the power to the two subchannels is indicated by the length of the 

 colored vectors.

FIG 10  R&S®CMW500 configuration for connection setup in VAMOS 

mode.

Summary
EDGE Evolution and VAMOS are enhancements to the GSM 
standard. EDGE Evolution was introduced with release 7 of 
the standard, VAMOS with release 9. The R&S®CMW500 is 
able to handle both enhancements. It simulates a VAMOS or 
EDGE Evolution compatible base station and carries out the 
necessary measurements. The tester continues the tradition 
of the R&S®CMU200. It supports all receiver tests such as 
BER, FER, BLER for EDGE Evolution and VAMOS plus trans-
mitter tests for EDGE Evolution [3].

Peter Sterly
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