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 Q.2 a. Write about radio propagation in Mobile environment and highlight why 800 MHz 
is the choice for Cellular communications?                          (8) 

Answer:  
For Line of sight communication, the sites for base station have to be chosen properly. For 
mobile communication, motion is an additional variable since end user is usually in motion. 
Shadowing is frequently encountered due to man-made structures, mountains, trees etc., 
Multipath propagation and a delay of the order of 10ms is observed. Doppler shift is also 
expected due to motion. The UHF band from 800-900MHz and 1200-1700MHz is used for 
mobile communication. 
 
FM Broadcasts starts in the vicinity of 100MHz, TV broadcasts starts @41MHz and extends up 
to 960MHz. Air to ground communication uses to 118 to 136 MHz, military uses 225 to 
400MHz, maritime , mobile service uses 160MHz. Hence there is over crowding between 30 to 
400MHz band. Radio transmission @ 10GHz or above is affected by rain or pathloss, multipath 
fading etc., Therefore, the choice was 800MHz 
 
  b. Assume a 1 Amp-hour battery is used on a cellular telephone (often called as cellular 

subscriber unit). Also assume that the cellular telephone draws 35mA in idle mode 
and 250mA during a call. How long would the phone work (i.e. what is the battery 
life) if the user leaves the phone ON continually and has one three minute call every 
day? Every six hours? Every hour? What is the maximum talk time available on the 
cellular phone in this example?  (8)  

Answer:  
1) 3 minutes at 250ma and 23 hr 57 min at 35 ma. converting to hours and amps, ie, amp 

hours 0.05 x 0.25 + 23.95 x .035 0.0125 + 0.83825 0.85075 amp hour used in one day 
so the battery will last a bit longer than a day, for the second day there is 1 – 0.85075 = 
0.14925 amp hours. Depends on when in the second day the 3 minute call occurs. 
without it, you have 0.14925 amp hours / .035 = 4.26 hours bottom line, 24 hours with 1 
call, and an extra 4.26 hours with no calls  

2)  same as above, different numbers idle time is 24 hours – 12 min = 23.8 hrs 0.05 x 0.25 
x 4 + 23.8 x .035 0.05 + 0.833 0.883 amp hour used in one day so the battery will last a 
bit longer than a day, for the second day there is 1 – 0.883 = 0.117 amp hours. Again, 
Depends on when in the second day the 3 minute call occurs. without it, you have 0.117 
amp hours / .035 = 3.34 hours bottom line, 24 hours with 4 calls, and an extra 3.34 
hours with no calls  

3)  same as above, different numbers idle time is 24 hours – 72 min = 24h – 1h12min = 22 
hr 48min = 22.8 0.05 x 0.25 x 24 + 22.8 x .035 0.3 + 0.798 1.098 amp hour used in one 
day start this one over, different approach "after every hour", so in one hour, you use 
0.05 x 0.25 + 1 x .035 amp-hour 0.0125 + 0.035 0.0475 amp-hour how many of these 
are in 1 amp-hr? 1/.0475 = 21.04 so it will last 21 hours plus a bit of idle time. the time 
used is: 21 x 0.0475 = 0.9975 amp-hr 1 – 0.9975 amp-hr = .0025 amp hour left over 
0025 amp hour / 0.035 amp = 0.0714 hour or 4.3 minutes so you have enough power for 
21 hours and 21 calls, plus an extra 4.3 minutes with no calls.  

4)  what does this mean? with no off time? 1 amp hour /0.25 amps = 4 hours. 
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 Q.3 a. Write notes on the geometry of a hexagonal cell. Obtain all relations. Discuss co-
channel interference ratio. Show that N=7 is required if S/I  ratio is to be 18 dB. (8) 

Answer : 

  
 

Consider hexagonal cells 

I. A hexagonal cell has exactly 6 equidistant “nearest” co-channel neighbours. 
II. The lines joining the centers of any cell and each of its neighbours are separated by 

multiples of 60 degrees. 

To find the nearest co –channel neighbours follow two steps: 

o Move over i cells along any chain of hexagons. 
o Turn 60 degress counter clockwise and more over j cells where i and j system 

parameters for determining cluster size. 
N= i2+ij=j2 

R: Radius of the cell (from center to vertex). 

D1 : Distance between the centers of two “adjacent” neighbour cells. 

Distance  D between c1 and c2 is  
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D={(u2-u1)2(cos30)2 +[(v2-v1)+(u2-u1)sin30]2}1/2.-------------1 

D={(u2-u1)2+ (v2-v1)2+[(v2-v1)(u2-u1)]}1/2.-------------2 

If (u1,v1)is (0,0) or origin or center of hexagonal cells and restrict (u2,v2) to integers (I,j) values. 

D= (i2+ij=j2)1/2. 

Actual distance between 2 adjacent cells, centre to centre is 2R Cos30 or √3 R where R is the 
center to vertex distance. 

If the cell size and transmitter power are the same then the co-channel interference is 
independent of the transmitted power and the co – channel interference is a function of q=D/R. 
and D is a function of S/I. 

ConsiderN=6. 

From the above figure radius of large cell is given by, 

D2=3R2 (i2+ij=j2)----------------------1 

Because area of hexagon is proportional to square of distance between centre and vertex. 

Alarge= k[3R2 (i2+ij=j2)]---------------------------------2 

Where k is constant 

Asmall=k(R2)-------------------------3 

Comparing 2 nd 3 and using 1 

Alarge/Asmall=D2/ R2 -----------------------4 

From symmetry we observe that the large hexagon elcloses the centre cluster of Ncells(7)+1/3rd 
of Number of cells associated with 6  other peripheral hexagons. Thus, the total no of cells or 
hexagon =N+6(1/3 N)=3N-------5. 

Since the area is proportional to no of cells, 

Alarge=3N. 

Asmall=1 

Alarge/Asmall=3N----------------------6. 

Substitute 6 in 4. 
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3N=3(i2+ij=j2) 

D2/ R2=3N 

D/R=q=√(3N). 

Where q is the re use factor. 

Reducing q implies increasing the radius hence a large cells. Therefore less no of cells in a given 
area[if the BW remains the same and if rearrange the free band then it implies that the traffic 
capacity per cell increases]. However increasing q means that we are reducing R or cell radius 
hence smaller cells[if the same BW and rearranging the frequency bands implies a reduction in 
traffic capacity per cell] 

  b. In a particular cellular system in a sub-urban environment the average size of a cell 
is 200 Sq. miles. System has 30 cells designed for 2% GOS. 395 voice channels are 
divided into 30 freq. groups with freq. reuse factor of 1.52.  Calculate  

   (i)   Estimated market penetration.  
   (ii)  Total no of subscribers.  
   (iii) No of subscribers per Sq. mile.  
   Note: Traffic generated is 0.025 Erlangs by each subscriber.  Erlangs per cell with 

2% blocking is = 13.2  (8) 
Answer: 

 
 Q.4 a. With the block schematic of GSM architecture explain the Mobile transceiver.      (8)      
 
Answer : 
A series of functions are  required to support the  services and  facilities in the GSM 
PLMN. The  basic  subsystems of the  GSM architecture are  (Figure 5.2) the  Base  
Station Subsystem (BSS), Network and  Switching Subsystem (NSS), and  
Operational Subsystem (OSS).The  BSS  provides and  manages transmission paths 
between the  MSs and  the  NSS.  This  includes management of the  radio interface 
between MSs and  the  rest of the  GSM system. The  NSS  has  the  responsibility of 
managing communications and  connecting MSs  to the  relevant networks or other 
MSs. The  NSS  is not  in direct contact with the  MSs.  Neither is the  BSS  in direct 
contact with external networks. The  MS, BSS,  and  NSS  form  the  operational part 
of the  GSM  system. The  OSS  provides means for a service provider to control and  
manage the  GSM  system. In  the  GSM, interaction between the subsystems can  be 
grouped in two main parts: 
Operational. External networks to/from NSS  to/from BSS  to/from MS to/from 
subscriber 
Control. OSS to/from service provider. The  operational part provides transmission 
paths and  establishes them. The control part interacts with the  traffic-handling 
activity of the  operational part by monitoring and  modifying it to maintain or 
improve its functions. 
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GSM-SUBSYSTEM ENTITY 

Figure shows  the  functional entities of the  GSM and  their logical interconnection. We 
will briefly describe these functional entities here. 

MS:   The  MS consists of the  physical equipment used by the  subscriber to access 
a PLMN for offered  telecommunication services. Functionally, the  MS includes a 
Mobile  Termination (MT) and, depending on the  services it can  support, various 
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c 

Terminal Equipment (TE), and  combinations of TE and Terminal Adaptor (TA) 
functions (the  TA acts  as  a gateway between the  TE and  the  MT)  (see  Figure 
5.4). Various types of MS,  such  as  the  vehicle- mounted station, portable station, 
or handheld station, are  used. The  MSs  come  in  five power  classes which define  
the  maximum RF power  level  that the  unit can  transmit. Tables 5.1 and  5.2 
provide the  details of maximum RF power  for various classes in GSM and  DCS-
1800. Vehicular and  portable units can be either class  I or class  II, whereas handheld 
units can be class  III,  IV, and  V. The  typical classes are  II and  V. Table 5.3 provides 
the details of maximum RF power  for GSM and  DCS-1800 micro-BSs. Basically, an  
MS can  be divided into  two  parts. The  first  part contains the  hardware and  
software to support radio and  human interface functions. The  second part contains 
terminal/user-specific data in the  form  of a smart card, which can  effectively be 
considered a sort  of logical  terminal. The  SIM card  plugs into  the  first  part of the  
MS and  remains in for the  duration of use. Without the  SIM  card, the  MS is not  
associated with any  user and  cannot make or  receive calls  (except possibly an  
emergency call  if the  network allows). The  SIM  card  is issued by the  mobile  
service provider after subscription,  while  the  first  part of the  MS would  be available 
at retail shops to buy or rent. This  type  of SIM  card  mobility is analogous to 
terminal mobility, but provides a personal-mobility-like service within the  GSM  
mobile  network (refer to chapter 11 for more  details). An MS has  a number of 
identities including the  International Mobile Equipment Identity (IMEI), the  
International Mobile  Subscriber Identity (IMSI), and  the  ISDN  number. The  IMSI  
is stored in the  SIM. The  SIM  card contains all the  subscriber-related information 
stored on the  user’s  side  of the radio interface. 
IMSI.  The  IMSI  is assigned to an  MS at subscription time. It uniquely identifies a 
given  MS. The  IMSI  will be transmitted over  the  radio interface only if necessary. 
The IMSI  contains 15 digits and  includes 
 Mobile  Country Code (MCC)—3 digits (home  country) 
 Mobile  Network Code (MNC)—2  digits (home  GSM PLMN) 
Mobile  Subscriber Identification (MSIN) 
 National Mobile  Subscriber Identity (NMSI) 
Temporary Mobile Subscriber  Identity  (TMSI).  The  TMSI  is assigned to 
an  MS by the  VLR. The  TMSI  uniquely identifies an  MS within the  area 
controlled by a given  VLR. The maximum number of bits that can  be used for the  
TMSI  is 32. 
IMEI.  The  IMEI uniquely identifies the  MS equipment. It is assigned by the  
equipment manufacturer. The IMEI contains 15 digits and  carries 
The Type Approval Code (TAC)—6 digits   
 The Final Assembly Code (FAC)—2 digits 
The serial number (SN)— 6 digits 
A Spare (SP)—1  digit 
SIM. The  SIM carries the  following information (see chapter 11 for more details): 
IMSI 
 Authentication Key (Ki) 
  Subscriber information 
 Access control class 
Cipher Key (K ) 
TMS 
Additional GSM services 
Location Area  Identity (LAI) 
Forbidden PLMN 
BSS   The BSS is the  physical equipment that provides radio coverage to prescribed 
geographical areas, known as  the  cells.  It contains equipment required to 
communicate with the  MS. Functionally, a BSS  consists of a con- trol  function 



AE76                                                 WIRELESS AND MOBILE COMMUNICATIONS DEC 2015 
 

© IETE                                                                                                                                 7 
 

carried out by the  BSC and  a transmitting function performed by the  BTS. The BTS 
is the  radio transmission equipment and  covers  each  cell. A BSS can  serve several 
cells because it can  have multiple BTSs. 
The  BTS contains the  Transcoder Rate Adapter Unit (TRAU). In TRAU, the  GSM-
specific speech encoding and  decoding is carried out,  as  well as  the rate adaptation 
function for data. In certain situations the  TRAU is located at the  MSC to gain  an  
advantage of more  compressed transmission between the BTS and  the  MSC. 
NSS   The  NSS  includes the  main switching functions of GSM, data- bases required 
for the  subscribers, and  mobility management. Its main role is to manage the  
communications between GSM  and  other network users. Within the  NSS,  the  
switching functions are  performed by the  MSC.  Sub- scriber information relevant 
to provisioning of services is kept in the  HLR. The other database in the  NSS  is the  
VLR. 
The  MSC performs the  necessary switching functions required for the MSs  
located in  an  associated geographical area, called an  MSC  area.The  MSC  
monitors the  mobility of its  subscribers and  manages neces- sary resources 
required to handle and  update the  location registration proce- dures and  to carry 
out  the  handover functions. The  MSC  is involved in the interworking functions to 
communicate with other networks such  as  PSTN and  ISDN. The  interworking 
functions of the  MSC  depend upon  the  type  of the  network to which it is connected 
and  the  type  of service to be performed. The  call routing and  control and  echo 
control functions are  also  performed by the  MSC. 
The  HLR  is the  functional unit used for management of mobile  subscrib- ers.  The  
number of HLRs  in a PLMN varies with the  characteristics of the PLMN. Two 
types of information are  stored in the  HLR: subscriber informa- tion  and  part of the  
mobile  information to allow  incoming calls  to be routed to the  MSC for the  
particular MS. Any administrative action by the  service pro- vider on subscriber 
data is performed in the  HLR. The  HLR  stores IMSI,  MS ISDN  number, VLR 
address, and  subscriber data (e.g., supplementary ser- vices). 
The VLR is linked to one or more  MSCs.  The VLR is the  functional unit that  
dynamically stores subscriber information when the  subscriber is located in 
the  area covered by the  VLR. When a roaming MS enters an  MSC area, the  MSC  
informs the  associated VLR  about the  MS; the  MS  goes through a registration 
procedure. The  registration procedure for the  MS includes these activities: 
The VLR recognizes that the  MS is from another PLMN. 
If roaming is allowed, the  VLR finds  the  MS’s HLR in its home  PLMN. 
The VLR constructs a Global  Title (GT) from  the  IMSI  to allow  signaling from the  
VLR to the  MS’s HLR via the  PSTN/ISDN networks. The VLR generates a Mobile  
Subscriber Roaming Number (MSRN)  that is used to route incoming calls  to the  
MS. 
The MSRN  is sent to the  MS’s HLR.The  information in the  VLR includes MSRN,  
TMSI,  the  location area in which the  MS has  been  registered, data related to 
supplementary  service, MS ISDN  number, IMSI,  HLR address or GT, and  local MS 
identity, if used.The NSS  contains more  than MSCs,  HLRs, and  VLRs. In order to 
deliver an  incoming call  to a GSM  user, the  call  is first  routed to a gateway 
switch, referred to as  the  Gateway Mobile  Service Switching Center (GMSC).  
The GMSC  is responsible for collecting the  location information and  routing the 
call  to the  MSC  through which the  subscriber can  obtain service at that 
instant (i.e., the  visited MSC). The  GMSC  first  finds  the  right HLR  from  the 
directory number of the  GSM subscriber and  interrogates it. The  GMSC  has an  
interface with external networks for which it provides gateway function, as  well  as  
with the  SS7  signaling network for interworking with other NSS entities. 
Operation and Maintenance Subsystem (OMSS)   The     OMSS      is responsible for 
handling system security based on validation of identities of various 
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telecommunications entities. These functions are  performed in the Authentication 
Center (AuC) and  EIR. 
The  AuC  is accessed by the  HLR  to determine whether an  MS will  be granted 
service. 
The  EIR  provides MS information used by the  MSC. The  EIR  maintains a list  of 
legitimate, fraudulent, or faulty MSs. 
The  OMSS  is also  in charge of remote operation and  maintenance func- tions of the  
PLMN. These functions are  monitored and  controlled in  the OMSS.  The  OMSS  
may  have one  or more  Network Management Centers (NMCs)  to centralize 
PLMN control. 
The Operational and  Maintenance Center (OMC) is the  functional entity through 
which the  service provider monitors and  controls the  system. The OMC provides 
a single point for the  maintenance personnel to maintain the entire system. One 
OMC can  serve multiple MSCs. 
     
  b. Why does power control become one of the main issues for the efficient operation of 

CDMA?  (8)  

Answer :  
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 Q.5 a. Explain call set up with mobile and call release mobile initiated.         (8) 

Answer:  CALL SET UP WITH A MOBILE: 
1) Mobile station sends a SET_UP_REQUEST to the MSC which includes the dialed digits. 
2) Upon receiving the requests, the MSC asks the VLR to supply subscriber parameters. The 

message contains the called number and service time. 
3) VLR checks for called barring condition, if call not barred, VLR returns a message 

SUB_DATA_RESPONSE to MSC. 
4) MSC sends a message to MS via BSS informing that the call is proceed. 
5) MSC allocates the available trunk to BSS and asks to assign radio traffic channel to MS 
6) BSS allocates radio channel and informs MS over the standalone dedicated control channel 

[SDCCH]. 
7) MS tunes to assigned radio channel and sends ACK to BSS. 
8) BSS connects radio traffic channel to assigned trunk in the MS. 



AE76                                                 WIRELESS AND MOBILE COMMUNICATIONS DEC 2015 
 

© IETE                                                                                                                                 12 
 

 

 
 
CALL RELEASE -MOBILE INITIATED: 

1) At the end of a call, MS sends CALL_disconnect message to MSC. 
2) MSC NET_REL requests to PSTN. 
3) MSC asks MS to begin the clearing proceed. 
4) After MS has performed its clearing, it informs the MSC to a REL_COMP message. 
5) MSC sends CLR_COMM message to BSS to release all allocated dedicated resources. 
6) BSS sends CHH_REL message to MS to release the traffic channel. 
7) BSS sends an ACK to MSC CLR_COMP that all resources are cleared. 

 

  b. Given the indoor path loss model of the form PL (d) db = 40 + 20 log d + Σ FAF   d ≥ 
1 m Where d is in mts. Find the mean received power between three floors of a  
building if FAF is 15db per floor. Assume the transmitter radiates 20 db and unity 
gain antenna are used at both the transmitter and receiver, and that the straight line 
path between the Tx and Rx is 15mt through the floors.  (8) 

Answer : 
  Given, 
   PL (d) db = 40 + 20 log d + Σ FAF   d≥ 1 m 
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Σ FAF=15+15+15=45dB. 
D=15m 
PL(d)=108.52dB. 
Mean received Power=20-108.52= -88.52dB.    

 

 Q.6 a. Explain Heliocentric-ecliptic, geocentric equatorial co-ordinate system and co-
ordinates of a point on the earth.   (8) 

Answer: 

 

 

 
        
 
  b. Explain what is meant by apogee height and perigee height? The Cosmos 1675 

satellite has an apogee height of 39342 Kms and perigee height of 613 Kms. 
Determine the semi major axis and eccentricity of its orbit. Assume a mean earth 
radius of 6371 Kms.    (8) 
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Answer:  
 
Q.7    a.  What are the specific advantages of static channel allocation over dynamic channel 

allocation strategies?   (8) 

Answer:   
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  b. Explain different parameters that influence handoff in mobile communication system. 

(8) 
 Answer:  
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 Q.8 a.  What is meant by Hybrid routing protocols? Highlight the major issues that affect 

the design, deployment and performance of ad-hoc networks.   (8) 

Answer: 
 

  b. Classify the various MAC protocols and explain one example for each of them. (8) 

Answer: 
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Q.9  a. What is meant by microcell path loss prediction model? Explain with suitable relation.  
Only one sample relation for various parameters need be given. (8)    
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Answer:       

 

 

 
 
             b. Mobile terminal is 500 ft from cell site antenna which is 30 ft high. Three buildings 

in line between mobile terminal and cell site antenna of cross section widths 50, 100 



AE76                                                 WIRELESS AND MOBILE COMMUNICATIONS DEC 2015 
 

© IETE                                                                                                                                 20 
 

and 150 ft respectively. ERP = + 30 dBm (1Watt). Calculate received power at 
mobile terminal.  (8) 

Answer: 
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