EDGE: Network Planning and Optimization

INTRODUCTION

GPRS networks are able to handle higher bit rates than GSM networks, but the data rates still fall short of what is required to make existing GSM networks deliver services at a speed comparable to that promised by third-generation networks. The delay in the deployment of third-generation systems led to the emergence of a technology known as EDGE. This was capable of delivering services similar to those of third-generation networks, yet with implementation on the existing second-generation networks (e.g. GSM).

EDGE stands for 'enhanced data rates for GSM evolution'. The enhancement from GSM was to GPRS (i.e. voice and packet), while further enhancement of GPRS led to EDGE networks, as shown in Figure 1. The fundamental concept remains the same, i.e. voice, CS data and PS data being carried, and the network architecture is the same as in a GPRS network. Enhancement of HSCSD is known as ECSD (enhanced circuit-switched data), while enhancement of GPRS is known as EGPRS.


EGPRS implementation has a major effect on protocol structure (e.g. on layer 1 or layer 2). The modulation and coding schemes are quite different in EGPRS (this is explained later in the chapter). 

In ECSD, though user data rates do not go beyond 64 kbps, fewer time slots are required to 
achieve this compared HSCSD. The architecture of ECSD is based on HSCSD transmission and signalling, thus having minimal impact on existing specifications.


In this chapter we will focus on EDGE network planning aspects from the EGPRS perspective.
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Figure 1 EDGE evolution
 THE EDGE SYSTEM
As shown in Figure 2, the EDGE system is quite similar to the GPRS system (compare with Figure 1), but with the capability for higher data rates. The most important change the new modulation scheme. In GSM and GPRS, the GMSK modulation scheme was Used

In GMSK modulation, only one bit per symbol is used. In an EDGE network, octagonal phase-shift keying (8-PSK) modulation is used which enables a threefold higher gross data rate of 59.2 kbps per radio time slot by transmitting three bits per symbol. GMSK is a constant-amplitude modulation while 8-PSK has variations in the amplitude. This amplitude variation changes the radio performance characteristics, so hardware changes in the base stations are mandatory.
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EDGE NETWORK PLANNING
The radio network planning process is similar to that for GSM and GPRS networks. How​ever, because of minor hardware and software changes in the existing network, that lead major changes in network performance, the network planning parameters change quite a bit. Owing to increased bit rates, transmission planning undergoes a major change with introduction of the concept of a dynamic A-bis interface. In contrast, core network planning virtually the same as for a GPRS network.

Radio Network Planning lading Schemes
As already mentioned, the EDGE system is an enhancement to the existing GPRS system. There are nine modulation and coding schemes (MCS-l to MCS-9) that provide different 
throughputs, as shown in Table 1. The MCS scheme carries data from 8.8 kbps to 59.2

Kbps on the existing GSM carrier of  270.833 kbps. For coding schemes MCS-l to MCS-4,

Modulation  is still GMSK; for MCS-5 to MCS-9 it is 8-PSK.


Based on this coding scheme, a data rate of 473 kbps (8 bits x 59.2 kbps) can be achieved.


Though GMSK is a more robust scheme, 8-PSK gives more data throughput. However, the

 increased data rate comes at the price of decreased sensitivity of the system. This has an impact on network planning.

Another advantage in EDGE networks is that the switching between different coding schemes can take place easily, which was not possible in a GPRS network. When data trans​mission takes place in a GPRS coding scheme, it is not possible to switch the coding scheme on more reception failure, so the re-transmission takes place with exactly the same protection as for its initial transmission. In EGPRS, it is possible to change the MCS, i.e. the data block can be sent again but with better protection than for its initial transmission. This is done through a process called link adaptation.

One more observation on the coding scheme is that the new set of GMSK coding is being used, e.g. CS-1 is equivalent to 8 kbps in GPRS networks, with similar changes in coding schemes CS-2,CS-3 and CS-4. These changes are to provide incremental redundancy support, as will now be explained.

Table 1

Modulation and Coding Scheme

in EDGE
	MCS
	Modulation
	User rate (kbps)

	I
	GMSK
	8.8

	2
	GMSK
	11.2

	3
	GMSK
	14.8

	4
	GMSK
	17.6

	5
	8-PSK
	22.4

	6
	8-PSK
	29.6

	7
	8-PSK
	44.8

	8
	8-PSK
	54.4

	9
	8-PSK
	59.2


Link Adaptation and Incremental Redundancy


As the propagation conditions change with time and region, the quality of the signal changes. 

Because of this, the modulation and coding schemes change all the time. Link adaptation is used for maximising the throughput per channel and changing the coding scheme depending upon the channel conditions. Basically, this leads to provision of the highest throughput pos​sible with the lowest amount of delay. This gives better link quality and makes EDGE a more efficient system. Link adaptation (LA) algorithms are responsible for link adaptation. These algorithms activate the LA feature based on bit-error probability (BEP) measurements.

Incremental redundancy (lR) improves the throughput and is done by automatically adapting the total amount of transmitted redundancy to the radio channel conditions. This is achieved using two techniques: ARQ (automatic repeat request) and FEC (forward error correction). In the GPRS system, when errors are detected in the RLC blocks, re-transmissions requested and provided until the correct information reaches the destination. FEC provides the redundant user information that is used by the receiver to correct errors caused by radio channel disturbances. However, in an EDGE system, not all the redundant information is sent immediately. Only a small amount is send at first. If decoding is then successful, this saves a lot of capacity; if decoding is unsuccessful, then the normal ARQ process takes place. Because the LA algorithm selects the amount of redundancy for each individual transmission, this process basically reduces the number of re-transmissions and subsequent delays. The re-transmission mechanism in EDGE is more efficient (than in GPRS networks) I by virtue of the IR phenomenon.

LA operates always on a first-sent block or a re-transmitted block, and upon receiving BEP measurements will change the MCS according to the condition of the network. IR is a specific re-transmission algorithm also known as 'hybrid ARQ II' (it includes puncturing, I storage and soft combining at the receiving end) that if enabled together with LA will allow I a change in MCS within the family. In order to change MCS during re-transmission, LA should be enabled.


Note that ETSI specifications make IR mandatory only for the MS as receiving side, not

for the BTS.


Channel Allocation

Channel allocation in EDGE networks is nearly the same as in GPRS networks. BCCH, PCH,

RACH, AGCH are the signalling channels, while PACCH is the only associated channel when the physical resources are assigned. Channel allocation algorithms are responsible for assignment of the channels to mobile stations. The EDGE base station should be capable of

being synchronized with the existing GSM base stations. This will maximize the efficiency I as both the base stations can be configured as one sector instead of two, thereby making only one BCCH necessary for the operation. Moreover, an increase in data rates leads to an
increased signalling requirement for a given traffic and applications.


Smart Radio Concept

Implementation of the smart radio concept enhances the performance of the radio link, both
in the uplink and downlink directions, by the use of diversity methods described later in the chapter.

Radio Network Planning Process

The basic process of radio network planning remains the same as in GPRS networks. However, because of the changes in the modulation and coding schemes, there are some changes in the coverage, capacity, and parameter planning of EDGE radio networks.

Coverage Planning

The link budget has a direct impact on coverage. As the EDGE network focuses more on ,PS data, the delay tolerance becomes a critical factor in defining system quality level. Some factors that affect link budget calculations specifically in EDGE are noted below.

Incremental Redundancy

Use of IR in coordination with LA not only makes re-transmission more efficient but also optimizes the performance of the system. It reduces the required CII by at least 3 dB. Link budgets are calculated for a given modulation and coding scheme for a specific BLER. The BLER value affects directly the gain due to IR. In fact, the higher the BLER, the higher the IR gain.

Body loss
.

When a mobile comes near to the human body, the signal level goes down. This is known as body loss. In GSM 900, this loss is typically 3 dB. No body loss is taken into account for packet data services in an EDGE network.

Diversity Effects

Use of diversity schemes generally has a positive impact on link performance, thereby in​creasing the area covered by individual sites. Both uplink and downlink diversity schemes are possible. However, smart radio concepts can be used to increase the coverage perfor​mance of an EDGE network drastically.

In uplink diversity, multiple antennas are used so as to cancel the correlated noise received at the antennas. Reduction of noise leads to a gain in the signal level. When there is no noise, the system allows the signal to flow without noise reduction. In the downlink direction, two transmitters are used and the signal is transmitted through two uncorrelated paths in bursts with slight delays. The transmitted power increases substantially with the use of two transmitters. Transmission of the signal over two different paths with delay reduces the effects of fast fading. Thus, the link performance and coverage can be increased substantially in EDGE radio networks as compared with GSM or GPRS radio networks.

Received Signal Strength

Signal strength in radio networks can be expressed in relation to interference signals. There are three parameters that specify this: Eb/No, Es/No, and C/N. Both Es/No and C/N can be expressed in terms of Eb/No, which is the ratio of available bit energy to the noise spectral density (also known as the signal-to-noise ratio). Es/No is the ratio of energy-per-symbol to noise. For a GPRS system (with GMSK modulation) this ratio is unity, while for EDGE systems (8-PSK modulation) it is Eb/No + 4.77 dB (as three bits is one symbol). C/N is the ratio of total received power to total noise. The following are useful relationships:

Eb/No(dB) = Es/No - 4.77

C/N(dB) = Eb/No + 6.07

Link budget calculations can be done by using MCS and BLER. However, received signal strength can be calculated for some specified data rates as well. Es/No can be used for throughput (per time slot) calculations in a cell. As seen in earlier chapters, the received signal strength is dependent upon the transmitted signal strength, losses, antenna heights and gains (TX and RX) and distance travelled by the signal. Loss in the signal strength gives the cell range. Thus, relationship between energy-per-symbol limited by noise can be plotted with respect to the cell range. Link level simulations with the above calculations can give the throughput per time slot for each coding scheme.

Capacity Planning

Capacity planning for EDGE networks is quite similar to that for GPRS networks, but the increase in throughput per radio time slot in EDGE changes some aspects of the planning. A brief overview of these concepts and their effects on throughput per radio time slot is given below.

The territory aspects (i.e. dedicated, default, CSW, etc.) stand the same for EDGE networks. Dedicated territory is specifically for PS traffic, CSW territory for CS traffic; default territory can be used for PS traffic if the CS traffic is not using it (CS traffic has a priority over PS traffic for default territory). The number of time slots that are assigned in each of these territories can be changed dynamically based on the load conditions.

The concept of frequency re-use is similar to that of GSM/GPRS radio networks. The re-use pattern defines the number of cells that can be used within a cluster in a manner such that no two neighboring cells have the same frequency. A frequency re-use of 3/9 means that each frequency is used only once in three sites/cluster, wherein each site is three sectored. A frequency re-use of 1/3 will have a higher value of interference and thus would degrade the throughput per radio time slot. Thus, a higher frequency re-use value will give a higher throughput and less delay. However, the spectral efficiency is higher in cases of lower frequency re-use as fewer frequencies are being used. Time-slot capacities have a larger dynamic range compared with GPRS radio networks. The number of time slots available is fewer than the number of users in a cell (or network). This means that several users will be using same time slot, reducing the throughput per user. Thus, the higher the number of users (per time slot), the lower will be the throughput (per user) and the higher the delay. PS traffic can be allocated to the BCCH TRX or non-BCCH TRX. Since the spectrum efficiency is usually the same for BCCH and non-BCCH cases, the TSL capacity remains constant on the BCCH layer, making the BCCH layer more suitable for achieving high throughput. Usually, the frequency re-use patterns have been found to be more stringent on non-BCCH TRXs, hence BCCH TRXs are better at giving higher throughput. Enabling of frequency hopping does not have a major impact on capacity or quality of the EGPRS radio network.

Capacity planning dimensioning requires inputs related to cell configuration and traffic behavior. This mainly includes the number of transceivers, definition of EDGE territories (number of time slots in CSW, dedicated and default territories), CS and PS traffic, etc. The outputs of capacity planning mainly include the amount of PS traffic, maximum, min​imum and average PS load, available time slots of CS traffic, blocking rate, etc. Capacity

PIanning based on this dimensioning is done on a cell basis to make sure that required capacity is available for CS and PS traffic, apart from signalling. Traffic types determine the signalling needs. Unlike in GPRS networks where short messages increase the resource (PRACH/PAGCH) requirements for channel set-up, EDGE networks do not face such a problem because of enhanced data rates. However, in EDGE networks, signalling require​ments may be greater. This is because, if more and more users are able to get attached to the network using the same time slot even when the net load is constant (i.e. more users per time slot means less throughput per user), a decrease in TCH utilization would take pIace during a TBF. If this TCH utilization remains constant, more signalling channels are required, reducing the number of users getting connected to the network.

Thus, the steps involved in the dimensioning of an EDGE radio network can be summarized as follows:

· CS and PS territories are identified. For the PS territory, the number of time slots in the default and dedicated modes should be defined.

· Total traffic load inclusive of CS and PS should be defined. 
·  Delay versus load factor should be studied.

· Rate reduction factor/parameter must be calculated.

· Number of TRXs required for supporting the traffic is calculated.

Outputs of dimensioning can be:

· number of time slots required for voice traffic

· number of time slots required for data traffic

· number of time slots in default and dedicated territories

· average and maximum PS load

· average and minimum user throughput

· number of TRXs required supporting the above parameters.

Parameter Planning

Apart from the parameters that have been discussed in earlier chapters, there are few ad​ditional parameters in EDGE radio networks. The most important ones are related to link , adaptation and incremental redundancy.

Once EGPRS has been enabled; the initial coding scheme is selected. LA parameters are dependent on the modulation and coding scheme selections, for both initial transmission and re-transmissions. Although the MCS selections are based on the BTS parameters, the MCS used for the transmission is based on the BLER limits. However, MCS for both transmissions and re-transmissions can be affected by the mobile station memory.

Parameters related to multi-BCF and common BCCH assume importance in an EDGE radio network. As mentioned before,  EDGE-capable and non-EDGE-capable transceivers in a one sector can be configured to have only one BCCH. TBF parameter setting makes it possible for TBFs of GPRS and EDGE radio networks to be multiplexed dynamically on one time slot. However, this scenario should be avoided, as the performance suffers in both
the uplink and downlink. In the UL, GPRS performance suffers owing to the large amount of 8-PSK re-transmissions taking place, while in the DL, it is due to the GMSK modulation being used where 8-PSK is carrying higher data rates for EDGE.

Parameters related to delay and throughput assume importance owing to higher sub scriber expectations from an EDGE network.

Transmission Network Planning

The transmission network planning process for an EDGE network is similar to the existing GSM Network. However, owing to the higher data rates, there is a new functionality called 'dynamic Abis ' *. Thus, the following concepts assume importance in the design of an EDGE transmission network:
 

· dynamic Abis

· dimensioning of dynamic Abis

· dimensioning of the PCU/BSc.

A-bis

The interface between the base station and the BSC is known as the Abis interface, as show in Figure . In GSM/GPRS networks this interface is 'static'. As we know in ,GSM/GPRS networks the transceiver channels are mapped onto the A-bis PCM time slots. 

Each TCH uses two bits of PCM frame, and these two bits together are known as PCM sub-time slots. This is 'static' in nature because each TRX reserves its full capacity from the A-bis interface constantly even if there are no active users in the air-interface. This make
dimensioning of the Abis interface straightforward compared to that in EDGE networks.
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                                                      Figure  Abis interface

Dynamic A-bis Functionality in EDGE Networks

Turning now to EDGE networks, octagonal phase-shift keying (8-PSK) changes data rates from as low as 8.8 kbps to 59.2kbps, i.e. from coding scheme MCS-l to MCS-9. Although s voice signals are still carried in 16 kbps A-bis channels, for data this proves insufficient especially beyond coding scheme MCS-2. To carry more than 16 kbps traffic in the air.

interface, the data traffic needs more that 16 kbps A-bis channels - probably 32, 48, 64 or 80 kbps. This data traffic is not there all the time, so the concept of 'dynamic' Abis carne into being. Figure shows an example of 'static' and 'dynamic' A-bis . 
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Figure  'Static' and 'dynamic' Abis
A group of these dynamic A-bis channels is known as a 'dynamic A-bis pool' (DAP). A DAP consists of a minimum of one time slot, while the maximum may depend on the system capability within one PCM.
With EDGE transceivers, the BSC allocates A-bis capacity for data calls from the EGPRS dynamic pool (EDAP) when needed, i.e. when MCS-3 or higher is used. Standard GPRS (non-EGPRS) calls using CS-2, CS-3 and CS-4 can also use EDA resources when allocated in EGPRS territory (EDGE transceivers).

Time-slot Allocation in Dynamic Abis

Time-slot allocation in the A-bis interface of an EDGE transmission network is almost the

same as in GSM/GPRS networks. Traffic channels on the A-bis still occupy 16 kbps sub-time slot for voice, and data rates up to 16 kbps. However, for data rates above 16 kbps, one master sub-time slot of 16 kbps and up to four sub-time slots from the DAP are required, 
as shown in Figure. The requirements for signalling channels for TRXs and BCF are the
same as in GSM/GPRS networks. The pilot bits for synconisation can be accommodated in the TSO or TS3l (or any other time slot). 

Dimensioning of the Dynamic Abis Interface 

The dynamic nature of the A-bis interface, and the allocation of a group of time slots for the DAP, changes the static capacity calculation of GSM/GPRS networks. In the latter, the A-bis interface allocates the whole capacity for the transceiver irrespective of usage; that
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makes the capacity calculations simpler, because knowledge of the number of TRXs and the signalling rate leads to the amount of capacity required on the A-bis interface.

Before we look into DAP dimensioning, it should be remembered that DAP is used only

for packet data for an MCS scheme greater than 2. Also, for each of the coding schemes, the number of required traffic channels will vary from none in MCS-l (or CS-l) to four in MCS-8/9, as shown in Figure . (Designers should refer to specific product information and the system capabilities before they design the pool.) Also, the number of A-bis channels will increase when signalling is added to it, which again depends upon the system being used in the network. The A-bis channels that are present in the pool are also known as 'slaves' .

Based on the requirements of mobile subscribers, the sub-time slots from the pool are requested. The number of time slots allocated to the pool is usually in whole numbers ​one, two, three, four or more time slots - depending on the DAP handling capacity of the system. Obviously, the number of time slots allocated to the DAP cannot be more than 30 (if TSO and TS3l are 'reserved' for management purposes).

Dimensioning of dynamic A-bis means dimensioning of the pool. Once the number of time slots required for DAP is known, the remaining process becomes similar to dimen​sioning/planning of GSM/GPRS transmission networks.

The main idea behind DAP dimensioning is to find the number of time slots that can be assigned to a pool in such a manner that the Abis interface does not become a limitation for 

	Coding scheme
	Bit rate(bps)
	Min. A-bis PCM allocation

	CS-1
	8000
	

	CS-2
	12000
	

	CS-3
	14400
	

	CS-4
	20000
	

	MCS-1
	8800
	

	MCS-2
	11200
	

	MCS-3
	14800
	

	MCS-4
	17600
	

	MCS-5
	22400
	

	MCS-6
	29600
	

	MCS-7
	44800
	

	MCS-8
	54400
	

	MCS-9
	59200
	


Figure  Transmission requirement for EGPRS coding schemes at the A-bis interface

the air interface throughput. Thus the main inputs for this would be the number of radio time slots required for PS traffic (i.e. dedicated and default territory in an EDGE radio network), me capacity of radio time slots, blocking that could take place on the Abis interface, etc.

Based on these inputs and the number of PCM time slots available for the pool, the required' !number of PCM time slots can be calculated. Obviously, limitations and capability of the equipment needs to be taken into consideration. So:
                        n

B (n, N, p) =     ∑ P (x)

                    x=N=l










where B is the blocking probability of the DAP, N is the number of time slots available in the pool, p is the utilisation of EDGE channels in the air interface, and n is the number of traffic channels used in the air interface.

This dimensioning will result in outputs such as the maximum throughput possible on the air-interface with A-bis acting as a bottleneck, and the number of time slots required to 'low maximum possible throughput on the air interface to be carried on the A-bis.

The Impact of Dynamic Abis on Transmission Network Design

Assume that there is a base station site having a configuration of 3 + 3 + 3. When operat​ing in the GSM mode, using 16 kbps signalling, the required number of PCM time slots per transceiver is 2.25 (two for traffic and 0.25 for 16 kbps signalling). This means that total number of time slots required for these nine TRXs is 9 x 2.25 = 20.25; i.e. 21time slots approximately. This would mean that, of 32 time slots, TSO and TS31 along, with these 21 are used' (23 in total), leaving nine time slots available for possible future grades. In an         EDGE network, these nine time slots might be used for the DAP, if they are sufficient.

Now consider this EDGE network using the MCS-9 coding scheme; i.e. each user logging the network for PS services requires four A-bis channels, or one full additional time slot,


apart from the master sub-time slot on the PCM. This means that at a given time only nine users can use the system at a maximum rate of 59.2 kbps. As soon as a tenth subscriber logs on to the network also requesting the MCS-9 scheme, the system starts sharing its resources. This means that although access will be given to this tenth subscriber, the request will be downgraded to lower coding schemes like MCS-6 or MCS-7. Also, the coding scheme of the existing subscribers logged on may be downgraded to MCS-6 or MCS-7, in order to accommodate this new subscriber. So the throughput on the air-interface goes down because of the limitation on the Abis interface. In this case it would be advisable to have, more time slots in the pool, implying more PCMs required per site, with additional CO Thus, the number of time slots planned for DAP should be a balance between the desirable throughput and cost.

 Core Network Planning

Both CS and PS core network planning remain similar to what was described in Chapters 4 and 5. The major change in the packet core section is enhanced capacities of the BSC and GSN to cater to higher data rates on the radio network. Dimensioning of the packet core network mainly involves the PCV, the Gb interface and the SGSN, as follows:

· PCU dimensioning:

Number of transceivers that can be supported by one PCV

Amount of (data) traffic that can be handled by one PCU

Number of traffic channels that can be handled by one PCU

· Gb interface dimensioning:

Minimum number of Gb interfaces required between the PCV and SGSN ,Uplink and downlink traffic calculations for the frame relay links

· SGSN dimensioning:

Number of subscribers

Processing capacity of the SGSN 

Gb interface capacity.

NETWORK OPTIMISATION

Optimization of an EDGE network will focus mainly on the radio and transmission networks owing to the increased data rate on the air-interface and the introduction of the dynamic

feature on the A-bis interface. Usually, optimization of radio and transmission networks is performed separately, but this scenario changes owing to the fact that the dynamic Abis

if not properly planned, may become a bottleneck for the air interface throughput. 

There ere are three main steps, as shown in Figure . The 'conventional' radio network optimization process will be quite similar to that explained in earlier chapters for  SM/GPRS
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networks. Transmission network optimization remains similar also, except for optimizing the A-bis capacity so that it does not become a bottleneck for the air-interface.

 Radio Network Optimization

Coverage, capacity and quality can be improved by using the standard principles of optimization that have been described earlier for GSM/GPRS. The main focus in EDGE radio I network optimization will be on throughput, which affects the capacity and coverage directly. One important point to remember is that, since EDGE implementation will generally be on top of an existing GPRS network, it is essential that throughput improvement i_' measured and analysed with respect that of the GPRS network.

Transmission Network Optimization

The optimization process is similar to that in GSM networks, however, there are two extra factors that need to be considered during the EDGE optimization process: the dynamic nature of the A-bis interface, and the air-interface throughput changes due to bottleneck created by the A-bis. As there is a pool of time slots reserved for packet data, it will always be the case that the number of packet service users increases in the network. Though the pool itself will be dynamic, the number of time slots that will be used for the pool will be static; so once it is figured out that the required time slots (in the pool) need to be increased, some optimization will be required. The situation is more severe if the number of PCMs required per base station also needs to be increased.

Key Performance Indicators

The major extra KPls relate to the definitions of the EDGE territory, BLER (block error rate), MCS schemes used, BCCH usage, etc. These parameter settings define the initial throughput. Adjustments to these settings (apart from those in the GSM/GPRS network) will permit maximization of throughput.

Performance Measurements

As usual, performance measurements involve drive tests, reports from the network manage​ment system (NMS), and network planning tools. However, the focus will be on throughput ill an EDGE network, and the key areas of performance measurement will therefore be at the air interface and the Abis interface. For the air interface, the interest will be on capacity, coverage and quality; while for the A-bis interface it will be on the variation of throughput with respect to modulation and coding schemes. One such example of performance based on accessibility, retain ability, quality (ARQ) and peak traffic is shown in Figure .
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As stated earlier , performance indicators like the ability of mobile stations to get  access to the cell (accessibility), DCR (retainability), call quality in the downlink IDL-quality), etc. need to be measured. Figure shows an example of BTS performance measuements.

	
	
	Accessibility
	Retainability
	(dB)
	(dB)
	

	Date
	BTS ID
	(BTS level)
	(BTS level)
	UL Quality
	DL Quality
	TCH Erlang

	MIO6/0 3
	8TS1
	98.61
	99.05
	92.73
	72.01
	0.55

	MIO7/03
	8TS1
	98.21
	96.49
	91.35
	91.23
	0.68

	MIO8/0 3
	8TS1
	66.18
	100.00
	99.11
	99.33
	2.06

	MIO9/03
	8TSI
	
	
	100.00
	95.62
	0.11


Measurement of the Abis throughput capacity with respect to the coding schemes used by mobile subscribers will be critical in adjusting the boundaries of the dynamic pool. The example in Figure  shows the variation of the pool with respect to modulation and ling schemes.
.

Performance of an EDGE network will usually be in terms of the underlying GPRS ark. The achieved mean throughput values and delay values in an EDGE network are
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better than for the GPRS network, even when the load is higher. The measurement information serves not only to increase coverage and capacity, but also the quality of service experienced by end-users, which will be closely observed in EDGE networks. The optimum value of QoS will depend ultimately on traffic requirements.  Interactive traffic has more stringent quality requirements than background traffic. Spectrum efficiency will playa big role in achieving this. The tradeoff between the number of transceivers and interference levels (i.e. between higher throughput and more users) is a delicate issue. Final optimization plans will be similar to those for GSM/GPRS networks, but with stringent QoS requirements guiding the results.
Improvement of Throughput in EDGE Networks

QoS depends on the service required, but higher throughput will be the main QoS-fulfilling requirement in an EDGE network. Throughput on the air interface and coverage (both at hot
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spots and cell edges) will be the main focus in the planning as well as optimization of the radio network. Throughput is dependent upon a number of factors such as C II, handovers, MCS changes, etc.

An increase in the C/I ratio will result in increased throughput (shown in the simulation in Figure ). Measurement at the cell edges will be critical, and here performance im​provement can be achieved by using concepts such as antenna tilts, power increase/decrease, etc.

Increasing the number of handovers will also decrease throughput, so optimization of the neighbors to reduce unnecessary handovers can be one possible solution to increase throughput. Throughput also decreases with the number of MCS changes from higher throughput MCS to lower-throughput MCS. Optimization can be achieved by parameter auditing after observing the C/I and receiver level statistics against MCS changes.
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