Helsinki University of Technology

Communications Laboratory

S-72.3270 Radio Network Planning Methods 

Assignment 2007
GSM1800-radio network plan for a fictive metropolitan region

1. 
GeNERAL
1.1 
Amount of work in the assignment


The goal is on average 40 h of team work to complete the assign​ment. The assignment is done in two person’s team, but it is possible to do the assignment alone.

1.2
Grade

The assignment report is graded on the scale 0 - 5. The final course grade is determined by the following formula:  
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1.3 
Assignment delivery 


The two deadlines for delivery of the assignment report are 25.5.2007 and 31.8.2007 to the box (marked with the course code) below the information board in the E-wing, 2nd floor. You can freely choose which deadline you want to follow, depending on how fast you need to get your course grade.

The assignments will be graded in a couple of weeks from each deadline. For a very good reason, special arrangements concerning deadlines etc. can be agreed upon.
1.4
Additional information

The team is responsible for the assignment and both members will get the same grade. Part of the input parameters are team-specific. Guidance is given by M.Sc. Mika Husso phone 09 4515416 , E-mail mika.husso@tkk.fi, Room E206B. Presence should be checked by phone or E-mail. Information will also be given on the course homepage, if needed. 

2. TASK


In the assignment a preliminary dimensioning plan for a GSM1800 radio network plan is made for a fictive service area, which is defined in the attached figure. The plan comprises a capacity plan,  a coverage plan, and a frequency plan, which are done based on the lecture example. (You should note that the system in the lecture example is not GSM, it has a different number of time-slots/carrier.) The plan is based on the use of macrocells in all regions, but in Region I a separate macrocell plan for vehicular originated traffic and microcell plan for pedestrian originated traffic are implemented. The target is to first estimate the offered traffic and then minimize the number of cells, and then to minimize the number of transceivers in each cell still fulfilling the blocking and interference outage targets for this traffic, given the maximum parameter values. Network tuning and easy network expandability are not considered. 


The purpose of this exercise is to help you understand how different things interact in cellular radio network planning, and, hopefully, to give you skills to design computer planning tools. It corresponds mainly to the initial network dimensioning to get a rough cost estimate when a vendor should offer a network. Final network planning is made with computer tools and may be based on other objectives than minimising excess capacity as in this assigment.

To facilitate the work some unsupported Excel-tools for radio link budget and minimum reuse distance calculations are provided. (Look at the course www-pages.) Unfortunately, the most laborious part, namely the frequency allocation must be done manually. 

2.1
Parameters of the user environments

Table 2.1 
Parameters of the different regions

	
	City
	Suburban
	Rural region

	The outer side length of the region
	LA =  X  km
	LB =  X km
	LC =  X  km



	The average block/ road network ”block” size
	LBlA  = X  m
	LBlB  = X  m
	LBlC =  X km

	Street width
	w = X m
	
	

	Building height
	hroof = X m
	
	

	Average distance between vehicles

(1 person in each vehicle)
	SA =  X m
	SB =  X m
	SC =  X  m

	Average distance between pedestrians
	SAm =  X m
	
	


  The team specific parameter set number is X. 

The service area is divided in concentric square-shaped regions: a city area (A) with square-shaped blocks, around that a suburban region (B), and outermost a rural region (C). Part of the parameters of the regions necessary for traffic estimation and microcell propagation modeling are given in Table 2.1 (team specific parameters)
2.2 
Starting parameters for capacity planning


The offered traffic is estimated using Jakes’ method explained in the course material on capacity planning. The traffic parameters are given in Table 2.2, which includes mobile phone penetration (mobile phones/100 persons) and blocking percentage target (team specific parameters), average traffic/subscriber, signal outage probability target, and maximum number of transceivers in the base station. The traffic is assumed to be uniformly distributed in all regions. The cells should be built from squares which all have the same size in a region. 


Before starting capacity planning the maximum cell radius in all regions for obtaining the coverage target using maximum base station parameters is estimated. The smaller of coverage and capacity based cell radius must be used, and if the former is used, the capacity planning consist of determining the number of TRXs needed to obtain the blocking probability target. The goal of the capacity planning should be to use as few cells as possible under the given conditions. This means that at region borders a base station typically covers also part of the other region, which then is not any more considered in the capacity planning of that region. For the microcells the cell radius must be chosen to match the street network. (Compare with the lecture example.)


The capacity plan shall include the number of base stations, the cell radius, and the number of transceivers/traffic channels in each cell. Also the implemented capacity in should be checked. 

Note! In GSM the number of traffic channels is assumed to be 7, 14, 22, 29, and 37 with base stations using 1, 2, 3, 4, and 5 transceivers respectively. This will guarantee sufficient broadcast and signaling traffic capacity for which a capacity plan is not made in this assignment. 

Table 2.2
Traffic parameters for the capacity plan

	mobile phone penetration:
	 X % 

	blocking probability
	 X %

	average traffic/subscriber
	X mErlang

	signal coverage probability
	Fu = X %

	maximum number of transceiver/ base station
	X transceivers


2.3 
Starting parameters for the coverage plan

The coverage planning in macrocells is based on COST231-Hata-propagation model. In Region III 5 dB is added to the average path loss predicted by the Oku​mu​ra-Hata model for rural areas. The coverage planning in the city region microcells is based on COST231 Walfisch-Ikegami propagation model. In addition to the team specific parameters given above, the coverage planning is based on the para​me​ters given in Table 2.3. Omni-directional base station antennas are assum​ed to be used. Both down-link and up-link should be considered. The general approach is similar to that used in the lecture example. If the cell radius is based on capacity requirement the coverage planning starts from minimum BS parameter values and if needed higher gain antenna, lower loss feeder cable, mast top amplifier, and larger antenna height are applied in this order. (Smaller cells would not be needed as cell radius is chosen to prevent such need.) 


The coverage plan should contain base station and mobile station power levels, base station antenna gain, feeder type, eventual use of mast-top amplifier in the up-link, antenna height, and downlink/uplink power level are balanced.

2.4 
Starting parameters for the frequency plan



The frequency plan is based on a sufficiently low co-channel inter​ference guaranteeing the specified protection ratio over a specified frac​tion of the cell area. Thus the same carrier frequency can be reused only after a guard distance. This distance is estimated considering protection ratio, interference outage probability, and the interference path loss. Also the average traffic channel load for the given blocking target and discontinuous transmission (voice activity 0.5) are taken into account for large number of interferers ((6). To keep the manual work on a reason​able level, it is proposed that frequency allo​cation is made with the simple method outlined in the lecture example. It is assumed that there is enough of carrier frequencies to implement the frequency plan. A separate fre​quency plan for the cell broadcast channel is not done. 

Table 2.3 
Parameter values in coverage planning

	Parameters given by system specification:

	frequency range
	 1710…1785/1805…1880 MHz

	base station sensitivity 
	-102 dBm, Frx = 12 dB

	mobile station sensitivity
	-100 dBm

	Operator defined limit values:

	base station antenna height
	in macrocells 30...120 m

in microcells 8…16 m

	max. base station power level
	(47 dBm/carrier

	feeder cable 
	 =  256 db/km@1700 MHz
 = 1/4"   
3/8"          156 db/km@1700 MHz

1/2"          103 db/km@1700 MHz

      7/8"             58.7 db/km@1700 MHz 

   1-1/4"             43.1 db/km@1700 MHz 

   1-5/8"             37.2 db/km@1700 MHz

   2-1/4"             26.3 db/km@1700 MHz 

	base station antenna gain
	in macrocells 6, 9, 12, 15, and 18 dBi

in microcells 6, 9, and 12 dBi 

	feeder horisontal length
	in macrocells 10 m, in microcells 2 m

	mast-top amplifier
	Gmta = 10 dB, Fmta = 3.0 dB 

	other parameters

	BS connector & jumper losses
	  1.0 dB

	combining filter loss
	  3.5 dB

	base station diversity gain
	  5.5 dB

	mobile station output power 
	  29 dBm

	mobile station antenna height
	  1.7 m

	slow fading standard deviation 
	  6.0 dB

	mobile station antenna gain including feeder and duplex filter losses
	-1.0 dBi

	Distance between buildings in Region A (along streets)
	w/2 (two buildings/block)



Feeder cable characteristic loss in dB is assumed to increase pro​por​tionally to the square root of frequency. 

For the frequency plan the parameters in Table 2.5 are used.  

Table 2.5 
Parameters for the frequency plan. 

	Co-channel protection ratio
	  9 dB

	Voice activity factor
	0.45

	Channel activity factor
	(1 – B)Tcell 

	Interference outage probability  P(CIR<PR)
	10 %


3. THE REPORT


The report should be easily readable, preferably written with a text processing program. Used formulas are presented first in symbolic form and then with numerical coefficients calculated with the fixed para​meters. Special approaches and solutions should be justified.


The written report could contain the following chapters with sections as needed: 

1.
Introduction: In addition to the definition of the task and goals of the exercise the team specific parameters and parameter set number (given below Table 2.1)  should be given in a table.

2.
Capacity planning: methods should be shortly explained, the capacity plan should be presented in a table containing cell radius in different regions and number of TRXs in middle cells, edge cells, and corner cells. Also the results of capacity checking should be shown in the table. 

3.
Coverage planning: methods should be shortly explained, the coverage plan should be presented in a table containing transmit power levels, BS antenna gain, feeder type, antenna height, and eventual use of mast-top amplifiers in the different regions.

4.
Frequency planning: methods should be shortly explained, reuse distance, theoretical reuse factors, and the frequency allocations in different regions should be given in a table.

5.
Summary: In addition to the main results and conclusions constructive critics are welcome to enhance the quality of this exercise. If you have found errors or unclear things in the lecture material, please give information including the page/slide number. The time you spent on  the assignment is also valuable information.
Geometry of the service area
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Region types:

Region A: city region, macro cells

Region B: suburban region

Region C: rural region

Region Am: city region, micro cells
Appendix. Proposed procedure for the assignment
1. 
Determination of shadow fade margin in each region using the method from the lecture material. Path loss exponent for macrocells is determined with COST231 Hata model and for microcells with COST231 Walfisch-Ikegami model.

2. 
Calculation of maximum cell radius (center to corner) in each region using maximum base station parameters (antenna gain, feeder diameter, mast-top amplifier, antenna height). Both downlink and uplink should be considered. Use the given EXCEL Radio link budget sheet, and try different distances until both DL and UL have margins ( 0 dB. (Normally DL will have 0 dB margin). Check the correct function of the EXCEL tool, e.g. by recalculating the lecture example. If there are differences, check the program code in the EXCEL cells.
3.
Prediction of offered vehicle and pedestrian traffic and traffic density in each region using Jakes method. 

4. 
Determination of maximum cell radius in each region in order of decreasing traffic density, based on given blocking probability value and using the maximum number of transceivers. (Maximum offered traffic/cell is obtained from the table in the lecture material.)
5. 
If the cell radius based on capacity is larger than cell radius based on coverage, the latter value is chosen as cell radius. For microcells you need still to match the cell size to get the base stations located on streets, either in street crossings or half-way between crossings.

6. 
Calculation of offered traffic in when at least one cell is completely inside the actual region. If the cell size is based on capacity, this traffic should correspond to the traffic in 37 traffic channels (5 TRXs) with the team’s specific blocking probability target. If the cell size is based on coverage the traffic is less and might require a smaller number of TRXs

7.
Calculation of offered traffic in when no cell is completely inside the actual region: overlapping to adjacent region(s) is chosen to give the maximum traffic for the given blocking probability. In Region A you would probably encounter one of the three situations below. 
If you need 4 cells, all cells are corner cells, while if you need 9 cells there will be 4 edge cells and 4 corner cells partly covering Region 

B. If you need 1 or 4 cells, their size should be dimensioned so that the total traffic equals the traffic giving the specified blocking  probability. With 9 cells the capacity based cell size is determined by the middle cell. In the edge and corner cells the required number of TRXs should be separately determined
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.  
In  Region B  you might encounter some of the four situations in the figure below.

 
In the capacity based cell size determination the traffic in the border are covered by cells in Region A should not be taken into account, it is already served. It is probably no idea in trying to find cell configurations not covering Region A in this assignment. If with 9 cells the middle cell is smaller than the area already covered by Region A cells, it should be omitted, otherwise its base station will be in the centre of Region A. In the cases shown, the cell size is determined by the edge cells as they have the highest offered traffic, but the critical cell will vary depending on the team specific parameter values. Only for 25 cells or more the cells completely inside the unserved part of Region B  will determine the capacity based cell size. You will probably have to try several numbers of cells. (Of course you can check whether a matching of the cell size to the area served by Region A BSs could still reduce the total number of cells or TRXs, you can use that.)

The treatment of Region C  is similar, you should let the cells cover the inner regions, but the offered traffic in these regions should not be taken into account. Also you should let the Region C cells fit to the outer region border, as the service area is limited to that. This 
will reduce the traffic/cell and perhaps a reduction of the number of TRXs is possible
.
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8. 
Determination of needed  number of transceivers in each cell.

9. 
Calculation of implemented capacity measured in possible offered traffic for the given blocking probability.   

10. 
Dimensioning the base station parameters for those cells having a radius based on capacity planning. Both downlink and uplink should be considered. First minimum parameter values (without the use of mast-top amplifier in uplink) are tried, if the needed tx power level exceeds available level, improvement is tried in the following order: higher antenna gain, larger feeder diameter, insertion of mast-top amplifier in uplink, larger base station antenna height. Average radio path loss is based on COST231 Hata model in macrocells and COST231 Walfisch-Ikegami model in microcells. In cells having the radius based on coverage the maximum base station parameters must be used. Finally, the transmit powers are tuned for perfect balance between the downlink and uplink (margin = zero dB).
11.  Calculation of PRX-values in the interference outage formula inside each region. Only cells completely inside the region need to be considered.

12.  Estimate the minimum reuse distance based on given graphs. Start assuming one interferer, if the result leads to more interferers, repeat the procedure for this number of interferers and so forth.

13.  Determine the reuse factor in each region and check whether reuse is possible within the region.

14. You can assume that different channel sets will be used in each region if there is harmful interference between any two cells in the different regions, which reduces the reuse to A and C and Am and C, even that can be impossible depending on the team parameters.. Of course you can construct to CCI-matrix like in the lecture example, it should for most team parameter combinations be much simpler than in the lecture example. No power control is used.

15.  Construct the CCI-matrix for each Region  taking into account harmful interference in both down-link directions between any cell pair inside the Region (or in the service area if you use the approach from the lecture example). 

16.  Perform the frequency allocation to the cells. It is allowed to use adjacent frequencies in adjacent cells, only co-channel interference is considered.
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