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Cell Coverage Radius Study Utilizing 64 QAM for GERAN
1 Introduction

New modulation schemes have been proposed as a candidate for the feasibility study for evolved GERAN [1].  In this contribution, the impact of the use of 64 QAM on the cell coverage radius is analyzed in an AWGN and a flat slow Rayleigh fading environment.  Other impairments are not included at this time, as this paper is considered a basis for further work.   All of the results shown assume perfect equalization and synchronization, without error-correction coding.   Implementation and other issues are for further study.
2 Motivation for Study

Using a more spectrally efficient modulation scheme increases peak and mean bit rates to the user, which in turn equates to higher link and system capacity.
The use of modulation schemes offering 4 – 8 bits per symbol has been prevalent in wire-line technologies, but previously was impractical for wireless communications due to the variability of interference and signal level and the processing power required to equalize the signal.  In reality there are significant areas in time/frequency/location where the channels conditions are good and higher order modulation is acceptable.
Advanced receivers, mobile station receive diversity, and better equalization techniques can provide the opportunity to use higher order modulation schemes in hostile wireless environments.
3 64 QAM in an AWGN Channel
The symbol-error rate (SER) of coherent M-PSK in additive white Gaussian noise (AWGN) is up-bounded as [2, p.209];
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is the symbol signal-to-noise ratio (SNR), 
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is the energy per symbol, and N0/2 is the power spectrum density (PSD) of the AWGN.  For M-QAM with
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, k being any positive integer, the SER in AWGN can be expressed as [2, p.225];
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Where p is the SER of 
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When the SNR is sufficiently high, and bits are mapped to symbols according to the rule of Gray coding, the bit-error rate (BER) is well approximated by
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Figure 1 shows the BER vs. 
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plotted according to Eq.(4) with Eq.(1) for 8PSK and with Eq.(2) for 16QAM and 64QAM.  The energy per symbol is used instead of the energy per bit, since this value is assumed constant across all modulation schemes for comparison.
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Figure 1 – Bit-Error Rate vs. Symbol SNR in an AWGN Channel
Therefore in AWGN and compared with 8PSK, in order to maintain the same level of BER around 10-3, the required symbol SNR is higher by around 1.9 dB for 16QAM, and 7.9 dB for 64QAM respectively.

The difference in the required SNR for a given BER corresponds to a reduction in the coverage radius of the signal, given the same transmitted signal power.  Assume that the path loss of the signal power is proportional to
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, where d is the distance between the transmitter and the receiver, and n is a positive number that depends on the environment.   The reduction of the coverage radius can be calculated as
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where R is the coverage radius of 8PSK, r is the reduced coverage radius, and 
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is the SNR difference in dB (e.g. 7.9 dB for 64QAM). Values of n for common transmission environments are given [3] in Table 1.  Note that for most environments, n≥2, and a larger value of n corresponds to a larger value of r.
	Environment
	n

	Free space
	2

	Urban area cellular radio
	2.7~3.5

	Shadowed urban cellular radio
	3~5

	In building line-of-sight
	1.6~1.8

	Obstructed in building
	4~6


Table 1 – Path Loss Exponents for Different Environments
For a conservation estimate, consider the free space environment where the path loss is proportional to the square of the distance [3].  Therefore the SNR degradation with respect to 8PSK of 1.9 dB for 16 QAM or 7.9 dB for 64 QAM reduces the coverage radius to approximately 0.8R (16QAM) or 0.4R (64QAM), where R is the coverage radius with 8PSK.
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Figure 2 – Relative Coverage Radii in AWGN for Free Space

4 64 QAM in a Flat Slow Rayleigh Fading Channel
Most browser operation is non-mobile, justifying the use of the slow Rayleigh fading channel profile.  For this channel model, the received signal power follows an exponential distribution.  That is, the probability-density function (PDF) of the SNR is
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where
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and 
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are the instantaneous and average symbol SNR respectively. Therefore, the average BER in slow Rayleigh fading channel is [3]
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where 
[image: image19.wmf])

(

l

be

P

is the BER in AWGN expressed by Eq.(4). The integral in Eq.(6) can not be evaluated analytically but can be evaluated numerically. Figure 3 shows the numerical result.
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Figure 3 – Bit-Error Rate vs. Symbol SNR in Flat Slow Rayleigh Fading
It can be seen that in the flat slow Rayleigh fading channel for BER of 10-3, the required symbol SNR is higher by around 1.5 dB for 16QAM, and 6.5 dB for 64QAM, compared with 8PSK.

For a conservative estimate of the coverage radius, the squared-law path loss is assumed.  For this case, the SNR degradations correspond to coverage radii of 0.84R for 16QAM and 0.47R for 64QAM respectively respect to 8PSK, slightly better than in the AWGN channel. In general for n =2 ~ 6, from Eq.(5), the coverage radius of 64QAM is r = 0.47R ~ 0.78R.

5 Peak to Average Power Ratio
Baseband simulations to compare the peak-to-average power ratio (PAR) of 64QAM with 8PSK and 16QAM have been performed. All of the signals are generated using the shaping pulse defined for 8PSK in EDGE, without any extra filtering. The constellation rotates
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 in QAM at the beginning of each symbol. The results are summarized in Table 2, with 105 symbols run in each case.

	Modulation
	PAR (dB)
	Difference (dB) compared with 8PSK

	8PSK
	3.2
	0.0

	16QAM
	5.2
	2.0

	64QAM
	6.3
	3.1


Table 2 – Peak to Average Power Ratio Comparison

It can be seen that the increase in PAR for the 64QAM case is 1.1 dB over the 16QAM case.  
6 Link Adaptation

Link Adaptation (LA) algorithms take advantage of the geographical locations associated with probabilities of high C/I ratio.  This enables higher data transfer rates where possible.  More opportunistic rate adaptation algorithms can be developed to take advantage of instantaneously high link margin conditions.  While this approach would be unacceptable for voice service, extra speed and capacity will result in the packet domain where possible.
Most browser operation is non-mobile, making the use of the slow fading profile in these calculations a reasonable choice.  If the user is browsing while in motion or the channel condition is not good enough, then link adaptation will select a different modulation and coding scheme, and accordingly slow down the data delivery.   

Table 3 computes data rates for 4 downlink timeslots in a practical operational environment.  These results are based on the information in TS 45.001, clauses 7.2.1.2 and 7.1 and TS 45.002, clause 5.2.3, combined with knowledge of the General Packet Radio Service (GPRS) and EDGE Radio Link Control (RLC) with regard to header size and coding from TS 44.060 and TS 23.060, and the fundamental timing of the physical layer from 45.001.  With extensions of the current modulation and coding schemes, data rates surpassing cable modems can be achieved.  These values may be further increased when the proportionate decrease in header size is taking into consideration.
	Modulation and coding scheme (MCS)
	Existing EDGE throughput (bits/sec)
	EDGE Evolution – 
16-QAM (bits/sec)
	EDGE Evolution – 
32-QAM (bits/sec)
	EDGE Evolution – 
64-QAM (bits/sec)

	MCS-1
	35,200
	
	
	

	MCS-2
	44,800
	
	
	

	MCS-3
	59,200
	
	
	

	MCS-4
	70,400
	
	
	

	MCS-5
	89,600
	119,466
	149,333
	179,200

	MCS-6
	118,400
	157,866
	197,333
	236,800

	MCS-7
	179,200
	238,933
	298,666
	358,400

	MCS-8
	217,600
	290,133
	362,666
	435,200

	MCS-9
	236,800
	315,733
	394,666
	473,600


Table 3 – Data rate for 4 timeslot downlink assignments
7 Conclusion
During the development of EDGE in the 1990’s, GERAN participants performed similar explorations regarding Gaussian Minimum Shift Keying (GMSK) in contrast to 8-PSK with similar results.  It was obvious that 8-PSK could not be used over the entire cell radius.  In fact, the common thought was that 8-PSK would not be used very often at all, especially the least robust high-speed modulation and coding schemes (MCS).  
Once EDGE was deployed, this turned out not to be the case.  Today, it is fairly common to obtain assignments of 3 and 4 timeslots on the downlink using the least robust scheme, MCS-9.  
To understand the disconnect between theory and practice, consider that the coverage of a cell is not limited by the cell’s actual RF coverage, but rather by the parameter RXLEV_ACCESS_MIN [4].  As more cells are deployed, the cell radii defined by RXLEV_ACCESS_MIN all became smaller due to tighter packing relative to their actual coverage.  This provided a larger area over which the higher-order scheme is effective.  This is illustrated in Figure 4:
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Figure 4 – Actual cell radii are greater than the effective radii set by RXLEV_ACCESS_MIN
We acknowledge the limitations of higher-order modulation schemes when subject to the uncertainties of an actual real operating environment.  It is nevertheless these radio link variations that make higher-order modulation schemes attractive, viz. it provides an opportunity to take advantage of partial-time or partial-coverage local maxima on the radio link capacity which are typically associated with the pseudo-stationary user.
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