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4. BASIC POWER CONTROL PROTOCOL
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4.1 Protocol Description
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C DB E

CS(Carrier Sensing)

A F

CS(Carrier Sensing)
for CTS

Transmission RangeTransmission Range
for RTSZone for RTS Zone for CTS
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6. PERFORMANCE EVALUATION
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6.1 Simulation Model
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6.2 Simulation Topology
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Scenario      1      2      3      4      5        6      7      8      9     10        11     12     13     14     15        16     17     18     19     20         21     22     23     24     25    

p1 flows     15    14    10    18    11      16    16    15    17    17        18      5      14     12     10        19      8      11      7      13         12     13      6      12     12   

p2 flows     18    23    28    23    26      17    24    24    22    24        18     27     27     24     23        16     27     27     27     25         27     21     27     26     19 

p3 flows     14    10     9      8      9       14    10    10     8      8         11     13      8      12     15        13     13      9      13      6           8      14     15      9      16

p4 flows      3      3      3      1      4        3      0      1      3      1          3       5       1       2       2          2       2       3       3       6           3       2       2       3       3  

  Total        50    50    50    50    50       50    50    50    50    50       50    50     50      50     50        50     50     50     50     50         50     50     50     50     50 

  Total        50    50    50    50    50      50    50    50    50    50        50     50      50     50     50         50     50     50     50     50        50     50     50     50     50

Scenario     26    27    28    29    30      31    32    33    34    35        36     37      38     39     40        41     42     43     44     45        46     47     48     49     50

p1 flows     18    18    13    15    16       8     14    13    20    16        15     11      15     15     11        16      17     12     12      7         7      15     14     17     11

p2 flows     16    19    20    26    18      25    22    20    17    17        20     25      17     18     22        18      17     24     22     31       25     17     21     24     25

p3 flows     11    10    13      8    11      12     8     13    12    15        12     12      16     12     14        13      11     12     15     10       15     16     15      6      12

p4 flows      5      3      4      1      5        5      6      4      1      2          3       2        2       5       3          3        5       2       1       2         3       2       0       3       2
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6.3 Simulation Results
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6.3.1 Chain topology: varying node distance
ªp%�|�h�,�*(«X&0$�5763&
2�$�*	&0%�Lgh�9�)A2�%�5:1s,�*-&0h�9C2�&�[¦5�,�È.d31�5FE�*/&�63%C2�$MÈ�b

� 5763&(%�1P)48N$�)�%�1�2�5�'+5:9�5:|AJ�Vo]o)A8N$ � 576~|:*/1�*-,K)A2�*/&D20,K)�%M8Q)A2D2�$�*
,K)I2�*f5�[�d�;PU�'�&/V�l(*/87)�9�9_2�$S)A2H§o>D; %�&H5:h.,Q'�,�5�'+5:&0*7E�&08K$�*/LM*
63$�*-,�*�20,K)�1�&0LM%C2?'+576�*-,(%�&3%�1�8N,�*7)�&0*7EP2�5>O.P3Q$R4*-GO*-,0J�d7«�b B�&D[k5�,
cAb B@&/t�)A1SE4§o>D;P®Ob�%�&_)XG�)A,�%�)A2�%�5�1s5�[j§o>D;Í63$�*-,�*	2�$�*o20,K)A1�&0LM%C2
'+576�*-,M%�&M%�1�8-,�*7)A&0*7E�2�5 O P@Q$R *-GO*-,0J�d7¬�b5B�&g[¦5�,f®:b�B@&ME.h�,�%�1�|
n?<_#p<x20,K)A1�&0LM%�&0&0%�5:1@V
<(&�2�$�*fE.%�&^2K)A1�8/*MU+*N2"6	*-*/1w2q6	5=1�*/%�|:$FU+5�,�&Q%�1�8-,�*/)�&0*/&H%�1�ªp%�|�B

h.,�*�«.Ê )OÌNt.2�$�*�)A|:|A,�*/|O)I2�*�2�$�,�5:h�|:$�'�h�2�5�[p)�9�9j&08N$�*/LM*/&	%�1�8N,�*7)�&0*/&/V
#	$�%�&Y%�&XU+*/87)�h�&0*g63$�*/1w1�5FE�*/&�)A,�*g[¦)A,H)A'S)A,027t�)f9�)A,�|:*N,Q1.h�L4U+*-,
5A[
1�5FE.*/&387)�1�20,K)�1�&0LM%C2(&0%�L4h�9�2K)A1�*/5�h�&09CJ�V
§o>D;wt�§o>D;P®Obv)A1SEw`:bOc�V�d:d�)�8K$�%�*/G:*s8/5:LM'�)A,K)AU�9�*f)�|�|�,�*/|:)A2�*

2�$.,�5:h�|:$�'�h�2�)�&�&0*/*/1�[ ,�5:Lx2�$�*
5IGO*-,�9�)�'�'�%�1�|D8/h.,�GO*/&@%�1Qªp%�|�h�,�*o«�Ê ):ÌNt

U�h.2�2�$�*4Ç	<�WF\0>�&08K$�*-LM*4'+*-,0[k5�,�LM&Y'+5�5�,�9CJy%�1aLM5�&^2Y87)�&0*-&/VM# 5
h�1�E�*-,�&^2K)A1SE�2�$�*_|�,K)A'�$@tA6�*�h�&0*	#p)AU�9�*Dc�t�63$�%�8K$Q&0$�5763&p2�$�*_1Fh�LsB
U+*-,?5�[_1�5FE.*/&(%�1=2�$�*Y87)A,0,�%�*-,X&0*/1�&0%�1�|�Æ-5:1�*�V3#p)�U�9�*sc4&0$�5I63&(2�$�*
1Fh�LgU+*-,35�[_1�5FE.*/&32�$S)A2(87)A1v%�1F2�*N,0[¦*-,�*Q63%C2�$�)420,K)�1�&0LM%�&0&0%�5:1vU+*NB
2"6�*/*/1=2q6	5M1�*-%�|�$FU+5�,�&�)I2?2�$�*Y8/*/1�2�*-,?5�[�2�$�*H8K$S)A%�1�t�2�$�)A2?%�&/tS2�$�*
20,K)�1�&0LM%�&0&0%�5�1M[k,�5:L{1�5FE.*Qd-®H2�5Q1�5FE�*YdIÂY%�1fªp%�|�h�,�*X`.V
#	$Fh�&_2�$�*
2K)�U�9�*�&0$�5763&H2�$�*M1.h�L4U+*-,�5�[(1�5FE.*/&Y63$�%�8N$�8/)�1�%�1�2�*-,0[¦*N,�*f63%C2�$
n?<o#p<�,�*/8/*/'.2�%�5�1�)A24,�*-8/*/%�GO*-,41�5FE�*�dIÂv5�,s<(>�rË,�*/8-*/'�2�%�5:1�)I2
&0*/1�E�*-,f1�5FE�*wd-®a%�1�ªp%�|�h�,�*v`FV�#	$�*P20,�*/1SEm5�[?2�$�*�1.h�L4U+*-,45�[
1�5FE.*/&�%�1M2�$�*387)I,0,�%�*-,D&0*/1�&0%�1�|gÆ-5:1�*(&0$�57631f%�1�#p)�U�9�*XcY%�&o&0%�LM%�9�)I,
[¦5A,P5A2�$�*-,@20,K)�1�&0LM%�&0&0%�5�1�&p%�1Y2�$�*
8K$S)A%�1Y2�5�'+5:9�5:|AJH)�&�6�*/9�9eV_W.'+*/8-%�[ B

�	� "p¥k� � � �4���&� ��� �g� �Å�=� � "_�F����
w�����������¦� �7���
�H���A�A�k�F� �@�.�p�7�¦� �	�_�+� �

 
Interfering nodes

40      60      80      90     100     110     120     150     180     250

14      10       6        8        6         6         4         2         2         1
Number of

Distance (m)



0

0.2

0.4

0.6

0.8

1

1.2

5 10 15 20 25 30 35 40

A
gg

re
ga

te
 T

hr
ou

gh
pu

t (
M

bp
s)

Data Rate Per Flow (Kbps)

Aggregate Throughput (30 flows, 60m)

802.11
BASIC

PCM
PCM40

Ê ):ÌD<?|:|A,�*/|O)I2�*Y2�$�,�5:h�|:$�'�h�2Ê ­:b#0Än�%�&^2K)�1�8/*IÌ

0

1

2

3

4

5

10 30 50 75 100 125 150 200

A
gg

re
ga

te
 T

hr
ou

gh
pu

t (
M

bp
s)

Data Rate Per Flow (Kbps)

Aggregate Throughput (30 flows, 120m)

802.11
BASIC

PCM
PCM40

ÊeU+Ì	<(|:|�,�*-|O)A2�*Y2�$.,�5:h�|�$�'�h�2Ê^dIcAb 0 n�%�&^2K)�1�8/*IÌ

0

1

2

3

4

5

6

10 50 100 150 200 250 300

A
gg

re
ga

te
 T

hr
ou

gh
pu

t (
M

bp
s)

Data Rate Per Flow (Kbps)

Aggregate Throughput (30 flows, 180m)

802.11
BASIC

PCM
PCM40

Êe8IÌ	<?|�|�,�*/|:)A2�*Y2�$�,�5�h�|�$�'�h.2Ê^d7`�b 0 n�%�&^2K)�1�8/*IÌ
�3�k�S� �I���0G ���g� ���¦�¡�/� �_�S¥k�S��� �y�����7� �m� �F�K�g�S�A�x¥k�S���Å�¦�p���A�F���/��� �3���S�S�I�F�S���-���/� �I�+� �+� �p� � 
q�S����¥¦¥�
R�+� �y�7����� �y�����S¥¦�/�
�k�p�:�I�F�S�/�.� $ �P�.�g� �+�F� �p�7���v���S�S�I�F�S���/���7� �I�+� �+� ��� �f��
��4���&� �Î�/���7� �I���/�.�M�/�@�S� �F� $

0

5

10

15

20

25

5 10 15 20 25 30 35 40M
bi

ts
 d

el
iv

er
ed

 p
er

 J
ou

le
 (

M
bi

ts
/J

ou
le

)

Data Rate Per Flow (Kbps)

Mbits delivered per Joule (30 flows, 60m)

802.11
BASIC

PCM
PCM40

Ê )OÌD# 5�2K)A9pE�)A2K)sE.*/9�%�G:*-,�*7E�'+*N, 
"5:h�9�*Ê ­:b#0Än�%�&^2K)�1�8/*IÌ

0

5

10

15

20

10 30 50 75 100 125 150 200M
bi

ts
 d

el
iv

er
ed

 p
er

 J
ou

le
 (

M
bi

ts
/J

ou
le

)

Data Rate Per Flow (Kbps)

Mbits delivered per Joule (30 flows, 120m)

802.11
BASIC

PCM
PCM40

ÊeU+Ì	#�5�2K)�9 E�)I2K)sE�*/9�%�GO*-,�*/E�'+*-, 
^5�h�9�*Ê^dIcAb 0 n�%�&^2K)�1�8/*IÌ

0

2

4

6

8

10

12

14

16

10 50 100 150 200 250 300

bi
ts

 d
el

iv
er

ed
 p

er
 J

ou
le

 (
M

bi
ts

/J
ou

le
)

Data Rate Per Flow (Kbps)

Mbits delivered per Joule (30 flows, 180m)

802.11
BASIC

PCM
PCM40

Êe8IÌ	# 5A2K)�9 E�)A2K)4E�*/9�%�GO*-,�*7E�'+*-, 
^5�h�9�*Ê^d7`�b 0 n�%�&^2K)�1�8/*IÌ
�3�k�S� �I� �������g� ���¦�w�-���
�+¥k�S��� �X��¥k���I�S�M�@� � "
�.�X��
��I�.�-�A���p���a�¦�7�7� �+�p���¦� �4���&� �¡�I�.�7�p¥k�7�X�¦� �y�S�I�s�.� �F�A� �v�:�+�p�7� � �p�7�k�S�!$

%�87)A9�9�J�tF2�$�*?1Fh�LgU+*-,_5�[�1�5FE.*/&	%�1M2�$�*(87)A,0,�%�*-,D&0*-1�&0%�1�|HÆ/5:1�*X%�&	E.*-B
8N,�*7)�&0%�1�|�Êe*-u.8/*/'.2s)I2s«�b 0 � ÌH)�&g2�$�*�E�%�&^2K)�1�8/*fU+*-2"6�*/*/1m1�5FE.*/&
%�1�8-,�*7)�&0*-&/V�#	$�%�&o*-u.'�9 )A%�1�&
2�$�*D|�,K)A'�$M%�1Mªp%�|:h.,�*(«�Ê )OÌN£�2�$�*3)�|�|�,�*-B
|:)A2�*(2�$�,�5:h�|:$�'�h�2_8/h.,�GO*D[¦5A,�2�$�*(Ç	<XW.\^>m&08K$�*/LM*3%�1fªp%�|:h.,�*X«.Ê )OÌ
[k5:9�9�5763&32�$�*3&�)�LM*320,�*/1SEM)A&o2�$S)I2	%�1�#p)�U�9�*�c�V_<?&o2�$�*31.h�L4U+*-,_5A[
'+5A2�*/1�2�%�)�9+8/5�9�9�%�&0%�5:1�&DU+*/8/5:LM*-&o&0Lf)A9�9�*-,7t�2�$�*X)A|:|A,�*/|O)I2�*X2�$�,�5�h�|:$.B
'�h�2Y%�1�8-,�*7)�&0*-&Y%�1wªp%�|:h.,�*M«�Ê ):ÌNVs#	$�*M)�|�|�,�*/|:)A2�*s2�$�,�5�h�|�$�'�h.2�5A[
2�$�*XÇ�<�W.\^>�&08K$�*/LM* 
"h�LM'�&o)A2o2�$�*YdIcAb�0Ë)A1SEPdIÂAb�0Î'+5�%�1�2�&o%�1
ªp%�|�h�,�*H«�Ê ):ÌDLf)A%�1�9CJ�U+*/87)�h�&0*Y5�[�9�*/&0&(8/5�9�9�%�&0%�5:1�&/V
#	$�*�2�5�2K)A9�E�)A2K)?E�*/9�%�GO*-,�*7EH'+*-, 
^5�h�9�*	63%C2�$g2�$�*DÇ	<�WF\0>a&08K$�*/LM*

%�&36	5A,�&0*H2�$�)�1v`�bOcFV�d�dg[k5�,?Lf)�1�J�87)�&0*/&?%�1vªp%�|:h�,�*H«.ÊeU+ÌNVD#	$�%�&?%�&
E.h�*
2�5?'+5�5A,
)�|�|�,�*/|:)A2�*�2�$.,�5:h�|:$�'�h�2@63%C2�$4Ç	<XW.\^>w)�1�EY*-uF20,K)3*-1�B
*N,�|�Jg8/5:1�&0h�LM'�2�%�5�1H[ ,�5:L¨8/5�9�9�%�&0%�5:1�&�)A1SEH,�*N20,K)�1�&0LM%�&0&0%�5:1�&/VoW.%�1�8-*
§o>D;P®Ob�8/5:1�&0h�LM*/&?LM5�,�*H*/1�*-,�|AJ�8/5:LM'�)A,�*7E=2�5�§o>D;wt %C2�|�%�GO*/&
9�*/&0&_E�)A2K)XE.*/9�%�GO*-,�*7EQ'+*-,�
"5:h�9�*:t:U�h.2�%C2
&^2�%�9�9F'+*-,0[k5�,�LM&�U+*-202�*-, 2�$S)�1
`�bOc�V�d�d:tj5A,XÇ�<�W.\^>¡Êe*-u.8/*/'.2D[¦5�,32�$�*sdIÂ�b 0 E�%�&^2K)�1�8/*IÌNV
��$�*/1�2�$�*�)�E	
^)�8/*/1�241�5FE�*-&s)A,�*Pc:ÂAbyLM*N2�*-,�&4)A'S)I,027t�Ç�<�W.\^>

)A1SE�§�>D; 87)�1�1�5A2v,�*7E�h�8/*�2�$�*a20,K)A1�&0LM%C2�'+576	*-,�[k5�,ynX<_#p<3B
� #	$�*Q1Fh�L4U+*N,35�[_1�5FE.*/&?%�1=2�$�*H8/)A,0,�%�*-,�&0*-1�&0%�1�|s,K)A1�|:*g)A2@O.P3Q�RÊRÂ�Â�b 0=Ì�%�&DdIc?[k5�,oU+5�2�$4`:bY)�1�E4«�b 0�E�%�&^2K)�1�8/*D1�*N2"6	5A,�TF&/V�}X576DB*-GO*-,7tO2�$�*D1.h�L4U+*-,p5�[j1�5FE.*/&_%�1g2�$�*	20,K)�1�&0LM%�&0&0%�5�1s,K)�1�|:*()A2 O.P3Q�RÊRc�Â�b 0vÌ([k5�,H`:b�)�1�Ew«�b 0�E�%�&^2K)�1�8/*s1�*-2"6�5�,�TF&�%�&Q­P)A1SEv®�t@,�*-B&0'+*-8-2�%�GO*/9CJ�V�#	$�*-,�*-[k5�,�*:t	2�$�*P1Fh�LgU+*-,g5�[Y1�5FE�*/&s%�1�2�$�*P8/)A,0,�%�*-,&0*-1�&0%�1�|�Æ/5:1�*H[k5�,Q`�b�)A1SE�«:b 0 E�%�&^2K)A1�8/*g1�*-2q6	5�,�TF&?%�1y#p)AU�9�*4c%�&?­PÊ^dIc

�

­��¢­OÌD)�1�EP`PÊ^d7c
�

®��¢`:ÌNt�,�*/&0'+*/8N2�%�G:*/9CJ�V

<(>�rsV.Êel?*/8/)�9�9�2�$S)A2 2�$�*o20,K)A1�&0LM%�&0&0%�5:1H,K)�1�|�*D)A28O P3Q$R %�&_c�Â�b�0yV Ì
#	$�*N,�*-[¦5A,�*:tX%�1xªp%�|:h.,�*y«.t?)�9�9X[k5:h�,�&08K$�*/LM*/&yÊ `:b:cFV�d:d�t�Ç�<�W.\^>?t
§o>D; )�1�Es§o>D;P®ObOÌ_'+*-,0[¦5A,�L¼2�$�*3&�)�LM*	63$�*-1M1�5FE�*-&�)I,�*Xc�Â�b 0
)�'�)A,027V
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6.3.3 Random topology: varying network load

ªp%�|�h�,�*fdIcM&0$�5763&?2�$�*H&0%�Lgh�9�)A2�%�5:1v,�*/&0h�9C2�&?[¦5A,�5�1�*H'S)A,02�%�8/h�9�)A,
&08-*/1S)I,�%�5v%�1y2�$�*4,K)A1SE�5�LÄ2�5:'+5�9�5�|�J�t�63%�2�$�)PG:)I,0J.%�1�|=E�)A2K)�,K)I2�*
'+*N, � 5I6YV{WF%�L4h�9�)I2�%�5�1�,�*/&0h�9C2�&f[¦5A,v)�$�%�|:$�9CJ�9�5O)�E�*7E¢1�*-2"6�5�,�T
)I,�*�&0$�57631�%�1�2�$�*P[¦5�9�9�5763%�1�|�&0*/8-2�%�5:1@V�<?&M*-u.'+*/8-2�*/E@tD&0%�L4h�9�)AB
2�%�5�1�,�*-&0h�9C2�&�)I,�*g&0%�LM%�9�)A,X2�5M2�$�5:&0*Q[¦5�,?2�$�*Q8K$S)�%�1v2�5:'+5�9�5:|�J�Êe&0*/*
ªp%�|�h�,�*/&�d/b4)�1�EÄd:dIÌNV_#	$�)A23%�&/t.%�1Pªp%�|:h.,�*gd7c.Ê )OÌNt.2�$�*X)�|�|�,�*/|:)A2�*
2�$.,�5:h�|:$�'�h�2p[k5�,oÇ	<XW.\0>aU+*-8/5:LM*/&p,�*-9 )I2�%�GO*/9CJ49�576Yt�5�1�8/*�2�$�*	9�5O)�E

U+*/8/5�LM*/&pLM5FE.*-,K)A2�*/9CJQ$�%�|�$�Vp§�>D;wt:§�>D;P®:b.tF)A1SEQ`:b:cFV�d:d38-h�,�GO*/&
5IGO*-,�9�)�'P%�1=ªp%�|�h�,�*sd7c.Ê )OÌNV
ªp%�|:h.,�*�d7c.ÊeU+ÌM&0$�5763&�2�$�*�&0%�L4h�9�)I2�%�5�1�,�*/&0h�9C2�&�[¦5�,�2�$�*v2�5�2K)A9

E�)I2K)�E�*-9�%�GO*N,�*7Eg'+*-, 
"5:h�9�*	[k5�,_2�$�*�,K)A1SE.5:L¡2�5�'+5:9�5:|AJg63%C2�$ME.%�ij*N,0B
*/1�2XE�)A2K)s,K)I2�*/&/V �¢$�*/1�2�$�*HE�)I2K)M,K)I2�*g'+*N, � 5I6¡%�&XLM5�,�*Y2�$�)�1
c�b�rYU�'�&/t	2�$�*vÇ	<XW.\0>Ã&08K$�*/LM*P'+*-,0[¦5A,�LM&f6�5�,�&0*v2�$S)A1�`�bOcFV�d�d
E�h�*42�5v)�E�E�%C2�%�5:1�)�9o8/5:9�9�%�&0%�5�1�&M)A1SE�,�*-20,K)�1�&0LM%�&0&0%�5�1�&/V�}X576	*/G:*-,7t
%�1�ªp%�|:h.,�*�d7c.ÊeUSÌNt�§o>D; )A9�6	)/J�&H'+*-,0[k5�,�LM&QU+*-202�*-,Q2�$S)A1�`�bOcFV�d�d
5�,�Ç�<�W.\^>?VoW.%�LM%�9�)A,M2�5�2�$�*P&0%�Lgh�9�)A2�%�5:1�,�*/&0h�9C2�&4[k5�,f2�$�*�8N$�)�%�1
2�5:'+5�9�5:|�J�t�§o>D;P®Obg,�*/&0h�9C2�&(%�1�)g&0Lf)A9�9�*-,()ALM5:h�1F2	5�[�E�)A2K)gE�*/9�%�G�B
*-,�*7EH'+*-, 
^5�h�9�*38/5:LM'�)A,�*7EY2�5Y§o>D;wt:U�h�2
%C2
&^2�%�9�9�'+*-,0[k5�,�LM&
U+*-202�*-,
2�$S)A1=`�bOcFV�d�dg5A,?Ç	<�WF\0>�%�1=ªp%�|:h.,�*fd7c.ÊeUSÌNV

6.3.4 Random topology: 50 different topologies
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6.3.5 Random topology: varying packet size
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