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Abstract:

In this contribution, we recommend adoption of collision detection mechanisms

for the packet switching transfer mode (CPCH/extension of RACH) to improve

the throughput delay performance of the protocol which in turn enables

accommodation of longer payload sizes and higher data rates. The preliminary

analysis shows that the collision detection mechanisms discussed in this

contribution increases the throughput by more than 30%. We recommend

adoption of these methods as a method of increasing the payload size and the

data rate on the Random Access Channels (CPCH/extension of RACH).


Throughput Delay performance analysis of DSMA-CD for Common Packet Channel.

Background

The Packet Radio System can be modeled as an M/M/1 Queue since the packet arrival process is Poisson and the packet length distribution is assumed to be exponential. In [1], the authors have used this model for the analysis of a Busy Channel Multiple Access Protocol. In that paper, the authors show throughput of up to .6 with Delay of few slots. The results in that paper can function as lower bound for performance of the current Digital Sense Multiple Access (DSMA/ WP-CDMA) under investigation. Since the two-way propagation delay is much less than the minimum packet length, the DSMA type protocols perform much better as compared to Slotted ALOHA type protocols in this system. The physical layer and the underlying Spread Spectrum system allow the quick detection of the collisions. In case of collision, the capture effect might lead to collision resolution, which increases the throughput efficiency.  The collision detection and resolution capability [3] improves the throughput/delay efficiency significantly. Non-preemptive Priority Multiple Access (NPMA) type protocols [used for HIPERLAN] are reported to have better performance than CSMA protocols [3] mainly due to unreliable channel sensing. NPMA protocols are classified as CR type protocols. In the current DSMA-CD proposal, there is a collision detection and resolution capability and there is room for priority schemes. The false digital sensing probability in the current proposal can be reduced to a very low number by allocation of the necessary power to the L1 ACK and the CD messages. 

DSMA for WP-CDMA

Figure 1 [slide presentation] illustrates the operation of the DSMA-like protocol with CLPC. The Collision feedback delay cycle is less than 2 ms, which is small fraction of the packet length. The minimum packet length is 10 ms in this system. 

Assumptions:

· Poisson Arrival

P(m, T) = e -(T  ((T)m / m(
( = K / N Tp
K = number of users which transmit a packet of mean value Tp every NTp seconds

· Exponential service distribution/ Exponentially distributed Packet length

f(x)= ( e -(x = (1/L) e –(x/L)
Mean length = L

· M/M/1 queuing model 

· DSMA-like protocol 

· Collision feedback delay of less than 2 ms

· Congestion control based on BS discouragement 

· Assumed P{Preamble Detection } =1, P{False Alarm} = 0

Collision Probability

The collision probability can be described as follows for any (: 

Pc= P c (2 P(2,T) + P c (3 P(3,T)+ P c (4 P(4,T) + P c (5P(5,T)+ …

Where: 

T   = Tp+Tcc 
Tcc = contention cycle

Tp  = packet length

The collision probability can be approximated as follows:

Ms = Ns x Nc 

Ns = number of minislots

Nc = number of available signature codes

Nm = m( / {2x(m-2)()} 

P c (m  ( Nm / Ms
Sample calculations:

(= 1, 

Tcc = 5 ms

Tp = Packet length = 40 ms (12.5 kbyte @ 2.048 Mbps)

T = 45 ms

P c (2 = 1/16 

P c (3 = 3/16

P c (4 = 6/16

P c (5 = 10/16


(= 1
(= 2
(= 3
(= 4
(= 5

P(0,T)
.32
.1
.034
.011
.004

P(1,T)
.37
.27
.12
.05
.02

P(2,T)
.2
.24
.195
.113
.06

P(3,T)
.07
.2
.22
.169
.11

P(4,T)
.02
.11
.185
.19
.15

P(5,T)
.01
.05
.13
.17
.17


(= 1
(= 2

Pc 

Ms = 8
8%
25%

Pc 

Ms = 16
4%
12.5%

The use of the CD field and collision detection reduces the collision feedback delay from 40 ms to 2 ms which means that the impact of collision on throughput is reduced by a factor of 20. 

Congestion Control

Randomized backoff and the control method are crucial in the operation of this protocol. 

Retransmission probability of Pn = 1/(n+1) is converted into a random back-off of 1/Pn. This means that the arrival rate (n = ( / (n+1) where n is the number of packets in the queue including the one in service. This method of congestion control needs further work, however, it helps to provide insight into what kind of Throughput-Delay performance can be expected with inclusion of a back-off scheme. Note that the back-off can be signaled through transmission of various Free signals in the protocol. The Free signal follows the Common Header. 

Throughput Delay Analysis

The throughput Delay of an M./M/1 queue with the congestion control described in the previous section in analyzed in [2] and is given by: 

(E [ T] = 1/(1- e -()

( = ( (1- e -()

E [n] = ( 

Re-transmission Probability

BER new = (BLER) N /L = (L BER old) N / L  

P{ N retransmissions} = (BLER) N-1
Example: BER old = .001, BLER = .2, L= 200 bits, then

BER new = 10 -6
N=5

P{ 2 retransmissions} = 20%

P{ 3 retransmissions} =  4%

P{ 4 retransmissions} = .8%

P{ 5 retransmissions} = .16%

P {Success on first trial} = 75%

Let’s assume that the mean number of re-transmissions is given by NARQ. In this example, NARQ is equal to 1.3. 

Throughput Delay Analysis with Re-transmissions due to Collision and Errors

Then the throughput and delay formulas are changed as follows: 

( = ( (1- e -()(1-Pc) / NARQ
(E [ T] = NARQ /{(1- e -()(1-Pc)}

Figures 2 [slide presentation] illustrates the throughput performance of this protocol with ideal detection and capture of the preamble. Figure 2 does not include the impact of re-transmissions due to errors.  The key point to note is that by incorporation of the collision detection mechanisms, the throughput performance is increased by more than 30% which is significant for high rate data transmissions on the Common Packet Channels.  
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Abstract:


In this contribution, we recommend adoption of collision detection mechanisms for the packet switching transfer mode (CPCH/extension of RACH) to improve the throughput delay performance of the protocol which in turn enables accommodation of longer payload sizes and higher data rates. The preliminary analysis shows that the collision detection mechanisms discussed in this contribution increases the throughput by more than 30%. We recommend adoption of these methods as a method of increasing the payload size and the data rate on the Random Access Channels (CPCH/extension of RACH).   


