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ABSTRACT

Wireless Ad-Hoc Networks consist of a collection of wireless mobile nodes that form a
network and are able to communicate each other without cable. Multiple access control
mechanism in wireless ad-hoc network is based on Carrier Sense Multiple Access with
Collision Avoidance (CSMA/CA). But CSMA/CA possibly causes more collision in the
intensive wireless ad-hoc network. IEEE 802.11 also has multiple data rate base on channel
quality. Using appropriate mechanism to measure channel quality and mechanism to reduce
collision in intensive wireless network will increase network throughputs.

This thesis, we propose the scheme for performance improvement of wireless ad-hoc
network using rate adaptive. In this scheme, channel quality estimation based on receiver
information and average packet collisions are used to consider the time interval for sending data
packet. Our proposed scheme use channel quality from physical layer (PHY) and collision rate
from medium access control layer (MAC) to adjust transmission data rate and backoff period
follow the network condition. Simulation results show that our scheme can achieves up to 55%

higher throughput and 4.25% lower loss rate compared with IEEE 802.11b standard.
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2.6.5 High Rate Direct Sequence Spread Spectrum (HR-DSSS)
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The actual 802.11 MAC class.

)

class Mac802 11 : public Mac {
friend class DeferTimer;

// change wrt Mike's code

friend class BeaconTimer;

friend class BackoffTimer;

friend class IFTimer;

friend class NavTimer;

friend class RxTimer;

friend class TxTimer;
public:

// change wrt Mike's code

Mac802_11();

Vi Mac802_11(PHY MIB* p, MAC_MIB *m);

void recv(Packet *p, Handler *h);

inline int hdr_dst(char* hdr, int dst = -2);

inline int hdr_src(char* hdr, int src = -2);

inline int hdr_type(char* hdr, u_int16_t type = 0);

// change wrt Mike's code

inline int bss_id() { return bss_id_; }

// Added by Sushmita to support event tracing
void trace_event(char *, Packet *);

EventTrace *et_;



protected:
void  backoffHandler(void);
void  deferHandler(void);

// change wrt Mike's code

private:

void beaconHandler(void);

void  navHandler(void);

void  recvHandler(void);

void  sendHandler(void);

void  txHandler(void);

int command(int arge, const char*const* argv);
/*

* Called by the timers.

*/

void recv_timer(void);
void send_timer(void);
int check pktCTRL();
int check_pktRTS();
int check pktTx();

/¥

* Packet Transmission Functions.

*/
void
void
void
void
void

void

send(Packet *p, Handler *h);
sendRTS(int dst);

sendCTS(int dst, double duration);
sendACK(int dst);
sendDATA(Packet *p);
RetransmitRTS();
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void  RetransmitDATA();

/*
* Packet Reception Functions.
*/
void  recvRTS(Packet *p);
void  recvCTS(Packet *p);
void  recvACK(Packet *p);
void  recvDATA(Packet *p);

void capture(Packet *p);

void collision(Packet *p);

void discard(Packet *p, const char* why);
void rx_resume(void);

void tx_resume(void);

inline int is_idle(void);

/*

* Debugging Functions.

*/
void trace pkt(Packet *p);
void dump(char* fname);

inline int initialized() {

// change wrt Mike's code
/ return (phymib_ && macmib_ && cache_ && logtarget &&
// Mac::initialized());

return (cache && logtarget

&& Mac::initialized());



// change wrt Mike's code
/¥
void mac_log(Packet *p) {
logtarget _->recv(p, (Handler*) 0);
ol

inline void mac_log(Packet *p) {

logtarget ->recv(p, (Handler*) 0);

double txtime(Packet *p);
double txtime(double psz, double drt);

double txtime(int bytes) { /* clobber inherited txtime() */ abort(); }

// change wrt Mike's code
inline void transmit(Packet *p, double timeout);
inline void checkBackoffTimer(void);
inline void postBackoff{int pri);
inline void setRxState(MacState newState);

inline void setTxState(MacState newState);

inline void inc_cw() {

cw_=(cw_<<1)+1;

// change wrt Mike's code
/ iflcw_ > phymib_->CWMax)
/ cw_ = phymib_->CWMax;

iflcw_ > phymib_.getCWMax())

cw_ = phymib_.getCWMax();
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// change wrt Mike's code
/l inline void rst_cw() { cw_ = phymib_->CWMin; }
inline void rst_cw() { cw_ = phymib_.getCWMin(); }

inline double sec(double t) { return(t *= 1.0e-6); }

inline u_int16_t usec(double t) {
u_int16_tus = (u_int16_t)floor((t *= 1e6) + 0.5);
/*u_intl16 _tus=(u_intl6_t)rint(t *= 1e6); */
return us;

}

inline void set nav(u int16 tus) {
double now = Scheduler::instance().clock();

double t = us * le-6;

if((now + t) > nav ) {
nav_ = now +ft;
if(mhNav_.busy())
mhNav .stop();
mhNav__start(t);

}
}
protected:
// change wrt Mike's code
/*
PHY MIB *phymib_;
MAC_MIB *macmib_;
*/

PHY MIB phymib_;
MAC MIB macmib_;
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/* the macaddr of my AP in BSS mode; for IBSS mode
* this is set to a reserved value IBSS_ID - the

* MAC_BROADCAST reserved value can be used for this

* purpose
*/
int bss id ;

enum {IBSS ID=MAC_BROADCAST};

private:
double basicRate ;
double dataRate ;
double RXThresh ; // Imz receive power threshold (W)
int mode_; /lmz mode = 1 means RBAR
int count_send_data;

int count_receive_data;

/¥

* Mac Timers

%
IFTimer mhlF_; /[ interface timer
NavTimer mhNav_; /I NAV timer
RxTimer mhRecv_; // incoming packets
TxTimer mhSend ; // outgoing packets

DeferTimer mhDefer_; /I defer timer
BackoffTimer mhBackoff ;  //backoff timer

// change wrt Mike's code

BeaconTimer mhBeacon ; //to generate beacons



/*

Internal MAC State

*/
double nav_; // Network Allocation Vector
MacState rx_state ; // incoming state (MAC_RECV or MAC IDLE)
MacState tx_state ; // outgoint state
int tx_active ; // transmitter is ACTIVE

// change wrt Mike's code
Packet *eotPacket ; // copy for eot callback
Packet *pktRTS ; // outgoing RTS packet
Packet *pktCTRL_;  // outgoing non-RTS packet
u_int32 t cW_; // Contention Window
u_int32 t SSIC_; /I STA Short Retry Count
u_int32 t slre_; // STA Long Retry Count

/I change wrt Mike's code

/! double sifs_; // Short Interface Space

/ double pifs_; // PCF Interframe Space
double difs_; // DCF Interframe Space
double eifs_; /I Extended Interframe Space

/ double tx_sifs_;

I double tx_pifs_;

/ double tx_difs_;
int min_frame len_;

NsObject* logtarget . ;
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// change wrt Mike's code

*/

void

NsObject*  EOTtarget ; // given a copy of packet at TX end

/*

Duplicate Detection state

u_intl6_t sta_seqno_; // next seqno that I'll use
int cache node count ;
Host *cache ;

Mac802_11::sendDATA(Packet *p)

{

count_send data++;
hdr cmn* ch = HDR_CMN(p);
struct hdr_ mac802 11* dh=HDR_MAC802_11(p);

assert(pktTx_ == 0);

/*
* Update the MAC header
*/
// change wrt Mike's code
/lch->size() += ETHER_HDR LEN11;
ch->size() += phymib_.getHdrLen11();

dh->dh_fe.fc_protocol version = MAC  ProtocolVersion;

dh->dh_fe.fc type = =MAC_Type Data;



dh->dh_fc.fc_subtype =MAC_Subtype Data;
/fprintf(".....p = %x, mac-subtype-%d\n",p,dh->dh_fc.fc_subtype);

dh->dh_fc.fc to ds =0;
dh->dh_fe.fc_from ds =0;
dh->dh_fc.fc_more_frag =0;
dh->dh_fc.fc retry =0;
dh->dh_fec.fc pwr mgt =0;
dh->dh_fc.fc more data = 0;
dh->dh_fc.fc wep =0;
dh->dh_fc.fc order =0;

ch->bandwidth = dataRate ;// Imz not necessary;
/* store data tx time */

ch->txtime() = txtime(ch->size(), dataRate );

// change wrt Mike's code
/ if((u_int32 t)ETHER ADDR(dh->dh da) != MAC BROADCAST) {

if{(u_int32_t)ETHER_ADDR(dh->dh_ra) |= MAC_BROADCAST) {
/* store data tx time for unicast packets */

ch->txtime() = txtime(ch->size(), dataRate );

//dh->dh_duration = DATA_DURATION();
// chnage wrt Mike's code
//dh->dh_duration = usec(txtime(ETHER_ACK_LEN, basicRate )
I+ sifs );
dh->dh_duration = usec(txtime(phymib_.getACKlen(), basicRate )
+ phymib_.getSIFS());

} else {



/* store data tx time for broadcast packets (see 9.6) */

ch->txtime() = txtime(ch->size(), basicRate );

dh->dh_duration = 0;
}
pktTx_=p;

void
Mac802_11::RetransmitDATA()
{
count_send datat++;
struct hdr_cmn *ch;
struct hdr mac802 11 *mh;
// change wrt Mike's code
/ u_int32_t *rcount, *thresh;
u_int32_t *rcount, thresh;

assert(mhBackoff .busy() == 0);

assert(pktTx_);
assert(pktRTS_==0);

ch =HDR_CMN(pktTx_);
mh = HDR_MAC802_11(pktTx );

/*
* Broadcast packets don't get ACKed and therefore
* are never retransmitted.
*/
// change wrt Mike's code
/l if((u_int32_t)ETHER_ADDR(mh->dh_da) == MAC BROADCAST) {

if((u_int32, )ETHER _ADDR(mh->dh_ra) == MAC_BROADCAST) {



Packet::free(pktTx_); pktTx_=0;

/*

* Backoff at end of TX.
*/
rst_cw();

mhBackoff .start(cw _, is_idle());

return;
}
// change wrt Mike's code
/ macmib_->ACKFailureCount++;

macmib_.ACKFailureCount++;

// chnage wrt Mike's code

/*

if((u_int32 t) ch->size() <= macmib_->RTSThreshold) {
rcount = &ssrc_;

thresh = &macmib_->ShortRetryLimit;

}
else {

rcount = &slrc_;

thresh = &macmib_->LongRetryLimit;
¥

if((u_int32_t) ch->size() <= macmib_.getRTSThreshold()) {
rcount = &ssrc_;
thresh = macmib_.getShortRetryLimit();
}
else {
rcount = &slrc_;

thresh = macmib_ .getLongRetryLimit();
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(*rcount)++;

// change wrt Mike's code
/fif(*rcount > *thresh) {
/ macmib_->FailedCount++;
if(*rcount >= thresh) {
/* IEEE Spec section 9.2.3.5 says this should be greater than
or equal */
macmib_.FailedCount-++;
/* tell the callback the send operation failed
before discarding the packet */
hdr_cmn *ch = HDR_ CMN(pktTx_);
if (ch->xmit_failure ) {
// change wrt Mike's code
//ch->size() -= ETHER_HDR LEN11;
ch->size() -= phymib_.getHdrLen11();
ch->xmit_reason_ = XMIT_REASON_ACK;
ch->xmit_failure (pktTx_->copy(),

ch->xmit_failure_data_);

discard(pktTx_, DROP_ MAC_RETRY_COUNT_EXCEEDED); pktTx_= 0;
/lprintf("(%d)DATA discarded: count exceeded\n",index );
*rcount = 0;

rst_cw();

else {



struct hdr_ mac802 11 *dh;
dh=HDR_MACS802 11(pktTx );
dh->dh_fc.fc retry = 1;

// change wrt Mike's code
//sendRTS(ETHER _ADDR(mh->dh_da));
sendRTS(ETHER _ADDR(mh->dh_ra));
/fprintf("(%d)retxing data:%x..sendRTS..\n" index_,pktTx );
inc_cw();

mhBackoff .start(cw _, is_idle());

void
Mac802_11::recvACK(Packet *p)
{

count_receive datat+;

struct hdr_cmn *ch = HDR_CMN(p);

if(tx_state != MAC_SEND) {
discard(p, DROP_ MAC INVALID STATE);

return;

}
Mprintf("(%d)....ccoveveeeennn. recving ACK:%x\n",index_,p);

assert(pktTx );
//Packet::free(pktTx ); pktTx = 0;

mhSend .stop();
/ *

* The successful reception of this ACK packet implies

* that our:-DATA transmission was successful. Hence,
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* we can reset the Short/Long Retry Count and the CW.
*
* need to check the size of the packet we sent that's being
* ACK'd, not the size of the ACK packet.
*/
if{(u_int32_t) HDR_CMN(pktTx_)->size() <= macmib_.getRTSThreshold())
ssrc_=0;
else
slrc_ = 0;
rst_cw();

Packet::free(pktTx ); pktTx_ = 0;

/¥
* Backoff before sending again.
*/

Ifrst_cw();

assert(mhBackoff .busy() == 0);

mhBackoff .start(cw_, is_idle());

tx_resume();
mac_log(p);
}
inline int

Mac802 11::is_idle()
{
// change wrt Mike's code
#ifdef INTERLEAVING
#define INTERLEAVING TIME 0.030
Scheduler &s = Scheduler::instance();

double st = s.clock();



int cw_x = Random::random() % cw_;
int myscheme cw=0;
double Pc = count_receive_data/count_send data;
if(Pc <=0.1)
myscheme cw =cw_X;
else if(Pc < 0.2)
myscheme cw =cw_x+1;
else if(Pc <=0.3)
myscheme cw =cw_x+2;

else myscheme cw =cw_x+3;

double nextCycle = floor(st / INTERLEAVING TIME*2) + 1)
* INTERLEAVING TIME*2;
double nextSwitch = nextCycle - INTERLEAVING TIME
- phymib_.getDIFS()
- phymib_.getSIFS()
+ txtime(phymib_.getCTSlen(), basicRate )
- txtime(phymib_.getCTSlen(), basicRate ) * 2
- (myscheme cw) * phymib .getSlotTime();
if ((st >= nextSwitch) && (st < nextCycle)) {
if (nextCycle >nav_) {
nav_ = nextCycle;
if (mhNav_.busy()) {
mhNav_.stop();
¥
mhNav __start(nextCycle - st);

}
return(0);

#endif

// change ends

83



if(rx_state != MAC_IDLE)
return 0;
if(tx_state != MAC_IDLE)
return 0;
if(nav_ > Scheduler::instance().clock())

return 0;

return 1;

void
Mac802_11::recvRTS(Packet *p)
{

struct rts_frame *rf = (struct rts_frame*)p->access(hdr_mac::offset );

if(tx_state_ !'=MAC_IDLE) {
discard(p, DROP. MAC BUSY);,

return;

/*
* If I'm responding to someone else, discard this RTS.
*/
if(pktCTRL ) {
discard(p, DROP_MAC BUSY);

return;

sendCTS(ETHER_ADDR(rf->rf_ta), rf->rf_duration);

//lmz

double temp_rate = dataRate_;
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/*

// right now pktRx_ is received RTS packet

double recv_power = 10*1og10(1000 * (pktRx ->txinfo .RxPr));

// hack for now...need automated value here

double recv_threshold = 10*log10(p->txinfo_.RXThresh * 1000 ); /(W -> mW)

double difference = recv_power - recv_threshold;

if (mode == 1) { // Multirate RBAR

if (difference > 0 && difference < 3)
temp_rate = 1000000.00;

else if (difference >= 3 && difference <7 )
temp_rate = 2000000.00;

else if (difference >= 7 && difference < 12 )
temp_rate = 5500000.00;

else if (difference >= 12)
temp_rate = 11000000.00;

}
*/
if(recv_power < 0.4)

{
temp_rate = 2000000.00;

}else if(recv_power < 0.6)
temp_rate = 5500000.00;
else
temp_rate = 11000000.00;
/I debug by Imz
fprintf(stdout, "%f, %d, %f, %f, %f\n", Scheduler::instance().clock(), index

temp_rate,recv_threshold ,recv_power);

/| pktCTRL,_is CTS
HDR_CMN(pktCTRL )->bandwidth = temp _rate;
/1 1-lmz
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* Stop deferring - will be reset in tx_resume().
]

iflmhDefer .busy()) mhDefer .stop();

tx_resume();

mac_log(p);
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Abstract

In this paper, we propose the scheme for performance
improvement of Ad-Hoc Network using rate adaptive. In this
scheme, we consider channel quality estimation base on
receiver information and average packet collision used to
consider time interval to send data packet. Our proposed
scheme use channel quality from physical layer (PHY) and
collision rate from medium access control layer (MAC) to
adjust transmission data rate and backoff period follow the

network condition. We evaluate the performance using

simulation by NS-2. The result show that our scheme provide
the higher throughtput and low loss
Keywords: Wireless Ad Hoc, Rate Adaptive, Collision Base
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