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Abstract— The Received Signal Strength Indication (RSSI) is 

measurement of power present in a received signal. It’s a very 

important parameter estimated in the mobile communication 

receivers for ordering and prioritizing different cells. It influences 

various decisions like, cell power reporting, cell list ordering, 

successful handover decision, better measurement accuracy, gain 

setting, neighbour power reporting etc. So, RSSI should be 

measured very accurately by the mobile receiver and should not 

vary from measurement to measurement or influenced by other 

system parameters like, transmitted data sequence, modulation 

type etc. So, here a new method is proposed to make the RSSI 

measurement independent of transmitted data sequence and 

modulation type.  

Also, the dc value should be estimated and corrected properly. 

But as the number of received I,Q sample numbers are less (<32) 

so, most of the time the estimated dc using mean value approach 

is not accurate. That requires a solution which can help to 

provide rightly estimated dc and help for proper RSSI estimation. 

The proposed solution will do so and help in many ways for 

system performance improvement.  

 
Index Terms— RSSI (Received Signal Strength Indication), 

Modulation detector, RSSI, Random input data (PRBS), GSM, 

GPRS, EDGE, constant amplitude modulation, GSM, LTE, 

WCDMA mobile communication receivers.  

 

INTRODUCTION 

The Received Signal Strength Indication (RSSI) is 

measurement of power present in a received signal. It is a very 

important parameter measured in the mobile communication 

receivers, especially for ordering and prioritizing different 

cells based on their signal strengths. RSSI indicates the 

received signal power level of the tuned received frequency 

carrier. It’s used for various purposes, like stronger frequency 

carrier detection, ordered cell list creation, cell selection/re-

selection decision, neighbour cell measurements and reporting, 

making handover decision etc. So, all of these procedures are 

directly dependent on the measured value of RSSI value and is 

greatly influenced by the variation or inaccuracies of the 

measured RSSI values with respect to other system parameters 

like, modulation type, input data sequence measurement 

accuracy etc.  

Different radio access technologies are deployed across the 

globe and these systems uses different types of modulation 

techniques. Today, apart from Mobile phone, M2M 

applications are also growing very fast over today’s cellular 

networks and the analysis clearly shows that the ratio of 

connected Things to People on the planet has already reached 

almost 2.0, and will touch close to 50 billion at the end of 

2020. To cater to that market need, in GERAN#62 a work plan 

is proposed for new Study on Cellular IoT  [4], where mainly 

three solutions are proposed to be explored : (1) legacy GSM 

system based solution (2) narrow band LTE (1.4 GHz) based 

solution (3) narrow band FDM based solution. So, needless to 

say that in all these systems, RSSI measurement will be always 

required for various purposes including cell selection/re-

selection.  

 GSM system uses RSSI for cell power measurement 

parameter, whereas WCDMA system uses Ec/No and RSCP 

(Received Signal Code Power). Again as Ec/No = 

RSCP/RSSI, so it is also directly affected by the RSSI 

measurement accuracy.  

As GSM system is most widely deployed, so, here GSM 

system is taken as an example. GSM/GPRS/E-GPRS system 

mainly uses two types of modulations: GMSK and 8-PSK. 

GSM system is a TDMA and FDMA based system, so each 

carrier frequency (of bandwidth 200 KHz) is further sub-

divided in to eight time slots (each slots having duration of 

577 us) as shown in figure 1a. In GSM system, each cell has a 

unique cell broadcast frequency and several other traffic 

frequencies and there are eight time slots (known as one 

TDMA frame) on the cell broadcast frequency. Out of that 

only in slot#0, the broadcast and signaling channels are 

transmitted, whereas in other time slots of cell broadcast 

frequency, other channels (like, traffic channels) are 

transmitted based on the cell configurations as shown in the 

table-1 below [3].  

 

Table-1, Channel structure in cell broadcast frequency  

 

Possible slots of 

BCCH carrier 

frequency 

Downlink channels Uplink channels 

1-7 1 TCH/F + 

SACCH 

1 TCH/F + 

SACCH 

1-7 2 TCH/H + 

SACCH 

2 TCH/H + 

SACCH 

Modulation and transmitted data sequence 

independent carrier RSSI estimation  

Sajal Kumar Das                                                                                       Ramesh C  

   AlgoSim, Ericsson Modem R&D,                AlgoSim, Ericsson Modem R&D,  

Bangalore, India                      Bangalore, India 

sajal_das@yahoo.com                    ramesh.c@ericsson.com  

 

mailto:sajal_das@yahoo.com
mailto:ramesh.c@ericsson.com


 2 

1-7 8 SDCCH + 

SACCH 

8 SDCCH + 

SACCH 

0 (broadcast 

frequency, non-

combined 

configuration)  

1 SCH + 1 FCCH 

+ 1 BCCH + 1 

AGCH + 1 PCH 

1 RACH 

0 (broadcast 

frequency, 

combined 

configuration) 

1 SCH + 1 FCCH 

+ 1 BCCH + 1 

reduced AGCH + 

1 reduced rate 

PCH + 4 SDCCH 

+ SACCH 

1 reduced RACH 

+ 4 SDCCH + 

SACCH 

2,4,6 broadcast 

frequency 

1 BCCH + 1 

AGCH + 1 PCH 

1 RACH 

 

 
 

Fig-1a, GSM transmission in the cell broadcast frequency 

(which is used by the receiver for cell RSSI measurement) 

 

As shown in fig-1a and table-1, several logical channels can 

appear in cell broadcast frequency over different time slots (0 

to 7). The TCH allocated channels could also be PDTCH 

channels in case of GPRS or EDGE. So, these channel’s data 

could be transmitted using 8-PSK or GMSK modulation.   

 

PROBLEMS WITH THE EXISTING SYSTEM 

 

RSSI value for N number of received (I,Q) samples can be 

computed as:  

RSSI =
2

0

2 ][][()/1( nQnIsqrtN

N

n




) …………………….(1) 

Where, n represents the I,Q samples of the received signal 

and there are N number total I,Q samples. As RSSI is an 

important parameter and governs the cellular system’s 

performance and operations, so, for the proper operation of a 

cellular system and better performance, the measured RSSI 

value should be accurate, truly reflect the cell power and will 

be independent of any other parameters which influences the 

RSSI value, like modulation used, number of I,Q samples used 

for RSSI computation, dc value present in the received signal, 

channel fading, receiver impairments etc.  

 

(1) Modulation dependency: Today different cellular 

systems use different modulation techniques for data 

transmission. The GSM/EDGE system generally uses two 

types of modulations: GMSK and 8-PSK.  As described 

earlier, for neighbour cell’s RSSI measurement, MS tunes the 

RF to the cell broadcast frequency and measure the RSSI 

value. But, unfortunately as shown in table-1, in cell broadcast 

frequency apart from Broadcast channels, traffic/data channels 

(like, TCH and PDTCH) are also transmitted. As, PDTCH 

channels could be GMSK or 8-PSK modulated, so in cell 

broadcast frequency, some time slots will be GMSK 

modulated and some would be 8-PSK modulated signal. It is 

well known that the GMSK and 8-PSK modulated signal’s 

output power characteristics are not same [2], so the RSSI 

measured from GMSK signal and RSSI measured from 8-PSK 

type of signal will not be same for the same input transmitted 

power. The constellation points move around differently in 

case of GMSK and 8-PSK modulations. This will cause the 

RSSI level fluctuation in MS receiver, when MS measures 

cell’s signal strength. That means for the same transmitted 

power, the signal with 8-PSK (for some cells) and signal with 

GMSK (for some cells) will not provide the same RSSI value 

at the MS receiver. That will lead to imbalance or biasness in 

the RSSI measurement. At what instant the MS will measure 

the RSSI, generally that is not under the control of MS, as MS 

schedules the RSSI measurement in some available free time 

gaps, so always it’s not guaranteed that MS will compare the 

RSSI values from different cells using same modulated signal. 

So, this is a challenge today to make RSSI value modulation 

independent.   

 

(2) Input data sequence dependency: It’s also found that the 

modulated signal’s characteristics are dependent on the input 

bit (data) sequence. That means (even when receiver uses same 

modulation), if the input bit sequence e.g. transmitted data is 

very random then the constellation points move around very 

much and sometime passes close to 0 (center), so, in the 

receiver samples there will be a large fluctuations in the 

instantaneous RSSI (received power) values [2] as shown in 

figure 1b. The BTS has no control over input data sequence as 

different channel’s data are transmitted on the cell broadcast 

frequency [1] and these are generally random bits.  

 

(3) Number of samples used for RSSI measurement: Today, 

due to strict time budget, multi-RAT mobile receiver receives 

only 16 or 32 pair of I,Q samples for RSSI measurement and 

on the basis of that it measures the average RSSI. This causes 

inaccuracy and several errors in the RSSI estimation, as 

explained below: 

 

(3.1) dc estimation error due to less number of I,Q samples: 
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In today’s RSSI estimation method the following procedure 

is followed: 

The DC compensation unit will calculate the dc offsets for 

the received samples (which is the average value) in each 

branch e.g. I and Q branch and then subtract that from each of 

the samples separately as shown in equations 2, 3.  
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Where N is the number of received I,Q samples, which is 

generally 16, 32, 64 or 128 symbols. This average value is 

considered as dc value present in the signal. Then the dc value 

is subtracted and the dc compensated I,Q samples will be as 

shown in equations 4, 5. 

 

avgIkIkI  ][][ ……………………………………….(4) 

 avgQkQkQ  ][][ …………………………………….(5) 

 

But, as MS has to measure RSSI of many neighbouring cells 

(according to 3GPP TS 25.215, it will be around 32 cells) so, 

there is not much of time for MS to spend on each 

measurement. That’s why MS schedules RF for receiving only 

32 or 16 number of I,Q samples of each neighbour cells and on 

the basis of that it measures the neighbour RSSI. But, 

unfortunately, using mean method and estimating the dc value 

only over 16 or 32 I,Q samples is not very accurate. That leads 

to several problems, especially for RSSI estimation. The 

presently available method for dc estimation and correction 

including the mean value method as above, are not at all 

suitable in the scenario where the number of samples are low 

e.g. 16 or 32 samples only. So, we require a better method for 

dc estimation and hence for RSSI computation.  

 

(3.2) Constellation movement around zero (due to random 

data input bits):  Due to random movement of the I,Q points as 

shown in fig-1b, the power value also fluctuates and the RSSI 

value around the center (zero) will be showing lower RSSI 

value than at the periphery. So this also leads to improper 

RSSI estimation. This affects more when number of samples in 

the measurement is less.  

As the RSSI varies largely due to modulation type change, 

due to input data sequence variations, improper dc estimation / 

correction and on top of that as the number (I,Q) samples used 

for average RSSI computation is less, so these facts lead to a 

large variation (fluctuation) in the RSSI values.  

This is a critical problem faced today in any cellular 

communication systems including GSM/EDGE, where the 

multiple modulations and different data sequences are 

transmitted in cell broadcast frequency and less number of 

samples is used for dc estimation. A solution is proposed here 

to address these critical issues. 

 
 

Figure-1b, Constellation movement due to random input 

data sequence 

 

RSSI ESTIMATION  

The presently employed method for RSSI computation is 

explained below. The receiver programs RF for receiving only 

16 I,Q samples for a carrier power measurement and 16 I,Q 

samples are passed to the dc estimation unit which uses mean 

value estimation method for dc estimation on I and Q branches 

as shown in equations 6, 7. 
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Where N=16, symbols. Then it subtracts the dc from I and 

Q branches in shown in equations 8, 9. 

AvgIkIkI  )()(
……………………………………(8) 

 avgQkQkQ  )()(
………………………………… (9) 

Then these I,Q samples are passed to the RSSI estimation 

unit for RSSI computation as: 

 

 
 

RSSI (in dBm) = 10*log10(∑(In
2
+Qn

2
)/16*2) – G……(10) 

 

Where, G is the gain applied in the receiver Amplifier 

(LNA). This above equation is valid for 16 samples. But, when 

this method was used, lot of variation was found in measured 

RSSI values, especially when PRBS (random input bit 

sequence) signal was transmitted. The variation was large for 

PRBS-9, 19 or 23 etc, but it was reasonable when FCCH 

signal or a pure sine wave signal is used as input in the 

transmitter, that means when all zero or all 1 bits are used for 

transmission using GMSK modulation. It was found that when 

FCCH is used the dc estimation is more or less correct using 

even 16 samples and also the estimated RSSI was right, but 
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that is not true when PRBS was transmitted, as shown in 

figures 2,3 4 and 5. As FCCH generates pure sine wave and 

this a periodic waveform, so, ideally the computed mean value 

over full cycle will be zero when no dc is present.  

 

 
 

Fig-2, I
2
 + Q

2
 for each sample pair (raw samples e.g. no dc 

correction) when FCCH (sine wave) was input in transmitter 

(16 symbols with 2x over-sampling) 

 

 
 

Fig-3, I
2
 + Q

2
 for each sample pair (after dc correction) 

when FCCH (sine wave) was input in the transmitter 

 

 
 

Fig-4, I
2
 + Q

2
 for each sample pair (raw samples e.g. no dc 

correction) when PRBS-9 (aperiodic) was input to transmitter 

 
 

Fig-5, I
2
 + Q

2
 for each sample pair (after dc correction with 

mean method) when PRBS-9 (aperiodic) was input in the 

transmitter 

 

We clearly see that mean value based dc estimation and 

correction using only 16 samples is causing lot of damage to 

the RSSI estimation when signal is aperiodic and not GMSK 

modulated. This problem was identified and solved using 

below described method. 

 

PROPOSED SOLUTION 

 

The proposed method tries to solve several problems 

associated with the RSSI estimation. The block diagram is 

shown in fig-9 and the following steps are used for proper 

RSSI estimation. 

 

(1) New dc estimation method: 

Let’s consider the ‘a’ and ‘b’ are the average dc value over I 

and Q branch. We need to estimate the same. Ideally the dc 

value will not vary over one measurement e.g. over 16 

received I,Q samples. But, it might vary from burst to burst or 

one measurement to another measurement. We know that if the 

modulation type is GMSK or constant amplitude modulation 

then ideally the radius or √(I
2
+Q

2
)  will be constant as shown 

in figure-6.  

…..(11) 

 

GMSK modulated signal as shown in equation 11, where 

a(t) is the radius or constant amplitude of the signal.  

 

 
 

Fig-6, GMSK I,Q constellations  

 

Say, (I1, Q1) is the first sample pair, (I2, Q2) is the 2nd 

sample pair. Say, there are 16 I,Q sample pairs received in that 

reception for RSSI measurement. Then let’s first consider 1
st
 

and 2
nd

 sample pairs and considering amplitude of constant 

radius for GMSK modulation, we can write:  

 

(I1 –a)
2
 + (Q1 –b)

2
 = (I2 –a)

2
 + (Q2 –b)

2 

 

This can be simplified and re-written as: 

 

(I2 – I1).a + (Q2 – Q1).b = ((I2
2
 + Q2

2
) - (I1 

2
 + Q1

2
)) /2 …..(12) 
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Similarly from 2nd and 3rd sample pairs: 

 

(I3 – I2) a + (Q3 – Q2) b = ((I3
2
 + Q3

2
) - (I2

2
 + Q2

2
)) /2……(13) 

 

Where, ‘a’ and ‘b’ are unknown but I and Q values are 

known and received I,Q sample values. 

 

So, from equations (12) and (13) above, the ‘a’ and ‘b’ 

values can be computed from 1st, 2nd and 3rd sample pairs:  

 

a = {( (Q3 – Q2)* ((I2 
2
 + Q2 

2
) - (I1 

2
 + Q1 

2
) ) /2  - (Q2 – 

Q1)* ((I3 
2
 + Q3  

2
) - (I2 

2
 + Q2 

2
)) /2)} / {(I2 – I1)* (Q3 – Q2) - 

(I3 – I2)* (Q2 – Q1)} 

 

b = {( (I3 – I2)* ((I2 
2
 + Q2 

2
) - (I1 

2
 + Q1 

2
) ) / 2  - (I2 – I1)* 

((I3 
2
 + Q3  

2
) - (I2 

2
 + Q2 

2
)) /2)} / {(I3 – I2)* (Q2 – Q1) - (I2 – 

I1)* (Q3 – Q2)} 

------------------------------------------------------------------(14) 

 

Similarly, using 2nd, 3rd and 4th sample pairs: 

 

a ={( (Q4 – Q3)* ((I3 
2
 + Q3 

2
) - (I2 

2
 + Q2 

2
) ) /2  - (Q3 – Q2)* 

((I4 
2
 + Q4  

2
) - (I3 

2 
+ Q3 

2
)) /2)} / {(I3 – I2)* (Q4 – Q3) - (I4 – 

I3)* (Q3 – Q2)} 

 

b ={( (I4 – I3)* ((I3 
2
 + Q3  

2
) - (I2 

2
 + Q2 

2
) ) / 2  - (I3 – I2)* 

((I4 
2
 + Q4  2) - (I3 

2
 + Q3 

2
)) /2)} / {(I4 – I3)* (Q3 – Q2) - (I3 – 

I2)* (Q4 – Q3)} 

---------------------------------------------------------------------(15) 

 

So, generic equation for ‘a’, ‘b’ computation using 3 sample 

pairs will be: 

 

a ={( (Qn+3 – Qn+2)* ((In+2 
2
 + Qn+2  

2
) - (In+1 

2
 + Qn+1 

2
) ) /2  - 

(Qn+2 – Qn+1)* ((In+3 
2
 + Qn+3  

2
) - (In+2 

2
 + Qn+2 

2
)) /2)} / {(In+2 – 

In+1)* (Qn+3 – Qn+2) - (In+3 – In+2)* (Qn+2 – Qn+1)} 

b ={( (In+3 – In+2)* ((In+2 
2
 + Qn+2  

2
) - (In+1 

2
 + Qn+1 

2
) ) / 2  - 

(In+2 – In+1)* ((In+3 
2
 + Qn+3  

2
) - (In+2 

2
 + Qn+2 

2
)) /2)} / {(In+3 – 

In+2)* (Qn+2 – Qn+1) - (In+2 – In+1)* (Qn+3 – Qn+2)} 

--------------------------------------------------------------------(16) 

 

Where, n = 0,1,2,…,15 and represents the sample numbers 

of the input I,Q sample pairs. 

As part from dc there will be some variation due to noise, 

which can be reduced by averaging the estimated dc values 

(‘a’ , ‘b’) over the sample pairs.  

That means the average value of estimated dc on I branch 

and Q branch will be: 
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Where, N is 15 for 16 samples reception for RSSI 

measurement.  

 

(2) dc correction method: 

Once the dc is estimated then that needs to be subtracted 

from I and Q branches as below. 

AvgakIkI  )()(
 

 avgbkQkQ  )()(
…………………………………..(18) 

 

(3) RSSI computation:  

 

Then these dc corrected I,Q samples are passed to the RSSI 

estimation unit for RSSI computation as below: 

 

 
 

RSSI (in dBm) = 10*log10 (∑ (I
2
+Q

2
)/16*2) – G.......(19) 

 

If 32 [I,Q] samples are used instead of 16 [I,Q] samples  

then-  

RSSI (in dBm)=10*log10. ((∑ (I
2
+Q

2
)/32*2) – Gain applied.  

 

The above method estimates the RSSI very accurately and 

reflects the true transmitted power value. This makes the 

measurement independent of the input sequence data used at 

the base station (BTS) transmitter.   

 

(4) Modulation detection and RSSI scaling 

 

Simple blind modulation detection when TSC is not present 

in the received data: Generally, all prior art techniques for 

modulation detection use TSC (training sequence bit e.g. 

known bits) to detect the modulation type of the received 

signal. But here as there is no TSC present in the received I,Q 

samples, so those methods cannot be used here. This proposed 

method computes the Crest factor value (which can be defined 

here as: Peak-to-peak RSSI / average RSSI) of the received 

signal compares with a threshold and helps to determine 

whether the received signal is GMSK or 8-PSK modulated 

signal.  

Compute the RSSI value for each received raw I,Q sample 

pairs. 

RSSI[n] = sqrt (I[n]
2
 + Q[n]

2
) ..................................(20)  

‘n’ varies from 1 to 16, sample pairs.  

Now find the MAX of RSSI[n] and MIN of RSSI[n], where 

RSSI[n] is the RSSI value for each I,Q sample pair.  

 

Compute the difference between MAX and MIN value: 

MAX of RSSI[n] - MIN of RSSI[n] 

Find the mean or average value of RSSI  

RSSI (avg) = SUM (RSSI[n]) / N, where, N =16. 

Then Crest factor =  

(MAX of RSSI[n] - MIN of RSSI[n]) / RSSI (avg)   

………………………………………………………..(21)  
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From equation (210, if (Crest factor < =  Threshold_Value) 

Detected Modulation Type will be GMSK, otherwise the 

Detected Modulation Type = 8-PSK. The Threshold_Value is 

found to be 0.70 in this case. This can be empirically derived 

from any mobile Hardware platform measured results.  

 

If the detected modulation type is 8-PSK, then the estimated 

RSSI is scaled by a factor (which can also be empirically 

derived as above). If the detected modulated type is a GMSK, 

then nothing is added that no scaling is done to the computed 

RSSI value. 

SIMULATION RESULTS 

 

Using the proposed method the computed RSSI is found to 

be accurate. Now, the RSSI variation is reduced to less than ± 

1 dB in static scenarios and ± 2 dB in fading scenarios. The 

results of estimated RSSI values using this proposed method is 

shown in figure-7. 

 

 
 

Fig-7, I
2
 + Q

2
 for each sample pair (after dc correction with 

mean method) when PRBS-9 was input to transmitter with 

GMSK modulation  

 

Earlier the estimated RSSI was not correct as shown in fig- 

5 above for each sample pairs. But, when the above new 

method is applied, the estimated value of RSSI is much better 

for each I,Q sample pairs and that leads to accurate average 

RSSI value. This is just one example, the same is observed for 

all other types of transmitted signals. So, the measured RSSI is 

accurate and independent of modulation used, as well as 

independent of transmitted input bits as shown in fig-7 and 8. 

CONCLUSION 

Right value of RSSI estimation is very important in any 

cellular communication systems. But, due to several reasons 

like, transmitted data sequence, modulation type, wrong dc 

estimation etc. the estimated RSSI value becomes inaccurate 

and fluctuates from measurement to measurement. This 

proposed method solves that issue. Estimated RSSI using this 

method is now modulation and transmitted data sequence 

independent. A better method for dc estimation method is also 

proposed along with a simple modulation detection technique 

to scale the estimated RSSI accordingly.  

 

 
 

Fig-8, Comparison of RSSI variation using legacy and 

proposed method of RSSI computation 

 

 
 

Fig-9, flow diagram of the proposed method 
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