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Packet Mode of Operation versus Circuit Mode of Operation

Abstract

In this contribution, capacity ratio of the over the air packet transfer mode over circuit transfer mode is derived. The main factors that determine the capacity ratio and what transfer mode should be selected are: 

1) Radio protocol efficiency in packet transfer mode, 

2) Trunking efficiency in circuit transfer mode 

3) Duty cycle of the packet traffic source 

4) Mean packet length and bit rate  

5) channel set-up time, release time and inactivity timer in circuit transfer mode.  

Summary of Results 

1. When the sum of set-up time, release time and channel inactivity timer is equal or higher than the over-the-air message transfer time, packet transfer mode is more efficient. 

2. When the sum of set-up time, release time and channel inactivity timer is less than the over-the-air message transfer time, and the duty cycle is 100%, circuit mode transfer is more efficient. 

3. When the sum of set-up time, release time and channel inactivity timer is less than the over-the-air message transfer time, and the duty cycle is less than 50%, packet mode transfer is more efficient. 

4. When the Trunking efficiency is low (small number of simultaneous users in circuit mode), packet transfer mode becomes much more efficient.  

Background

The following parameters impact the capacity ratio:

1. Call set-up time = This time corresponds to end-to-end call set-up time. However, portion of this time that corresponds to the traffic channel idle time is the time of interest in this analysis. 

2. Call release time = the time it takes to release the Radio Link channel after the release message is generated in either end. 

3. Inactivity Timer = The time it takes to release the channel if the link is inactive in that time period. 

4. Average message length (L)

5. Bit Rate (f b)

6. Busy hour Call attempt (BHCA)

7. Radio Channel efficiency (()

8. Radio Common Access Protocol efficiency (()

9. Duty Cycle (() 

Trunking efficiency (()

Circuit Transfer Mode 

Figures 1-2 illustrate the call establishment process in circuit transfer mode of operation. 

What is the average call duration (message transfer time = Airlink channel hold-up time) for an L Kbytes of data operating at fb kbps ?

Message transfer time = T channel-hold-up-time= T inactivity + T set-up + T release + 8 L / { ( x ( x f b )


T over-the-air = 8 L / { ( x f b )

Effective throughput over the air  = f b x T over-the-air / T channel-hold-up-time

What is the circuit mode inefficiency factor due to radio channel inactivity? 

F circuit-mode (channel inactivity inefficiency) = T over-the-air / T channel-hold-up-time

What is the information capacity of a cell (1 RF and 1 sector) for users operating at fb kbps? 

Table 1 illustrates the Erlang capacity for 1% and 2% blocking probability when the number of servers are limited. 

Table 1: Entries in the table are Erlang B capacity

N = Number of servers
P B= 1%
P B = 2%

1
.01
.02

2
.15
.23

3
.45
.6

4
.87
1.1

5
1.4
1.7

6
1.9
2.3

7
2.5
2.9

8
3.2
3.6

9
3.8
4.3

10
4.5
5.1
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As can be seen, when the capacity o the system is low, trunking inefficiency becomes a dominant factor in decreasing the cell information capacity.   

F circuit mode (trunking inefficiency) = C erlang / C fb 

What is the information capacity of a cell in kbps and the spectrum efficiency factor for circuit mode of operation as a function of bit rate? 

Let’s assume that N fb is the Number of  fb users in a cell with one RF carrier and a single sector. Then the information capacity of the cell operating in circuit mode (C circuit mode) will be as follows: 

C circuit mode = F circuit-mode (channel inactivity inefficiency) x F circuit mode (trunking inefficiency) x N fb x fb
And the spectrum efficiency is equal to: 

E circuit mode = C circuit mode / B  (kbps/MHz/cell)

Where B is bandwidth in Mhz. 

Packet Transfer Mode 

If the resource is shared between the users, then the only source of inefficiency is the shared access protocol inefficiency factor (F protocol inefficiency). Then the information capacity and the spectrum efficiency of the system operating in packet transfer mode are as follows:    

C packet mode = ( x F protocol inefficiency x N fb x fb
And the spectrum efficiency is equal to: 

E packet mode = C packet mode / B  (kbps/MHz/cell)

Another aspect of interest in packet mode data transfer is the relationship between the number of retransmissions, N,  BER and BLER and the length of the packet in bits, L. 

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%

Capacity Ratio

It can be shown that the capacity ratio of the system operating in packet mode versus circuit mode is as follows: 

R = F protocol inefficiency  / { F circuit-mode (channel inactivity inefficiency) x F circuit mode (trunking inefficiency) } 

F circuit-mode (channel inactivity inefficiency) = T over-the-air / T channel-hold-up-time

T channel-hold-up-time= T inactivity + T set-up + T release + 8 L / { ( x ( x f b )

T over-the-air = 8 L / { ( x f b )

Results

In this section, system analysis is performed for the following bit rates: 64 kbps, 144 kbps, 384 kbps and 2048 kbps. We also analyzed the performance of these bit rates for the UDD services. Note that we only include the radio channel set up and release time in T set-up and T release. 

The following capacity table corresponding to WIMS is used in this section: 

f b
N = Number of users

in 5Mz
Erlang

@ P B = 1%
Erlang

@ P B = 2%

64 kbps
27
18
19

144 kbps
11
5
5.8

384 kbps
4
.87
1.1

2048 kbps
1
.01
.02

Assumptions: 

64 kbps, 144 kbps, 384 kbps, 2048 kbps services: 

duty cycle = 100%

Packet length = Variable

T inactivity = 100 ms

T set-up  = 50 ms

T release = 50 ms

Channel inactivity time = T inactivity + T set-up  + T release  = 50 ms – 1 s

F protocol inefficiency = .7

PB= 2% 64 kbps, 144 kbps, 384 kbps

PB= 10% 2048 kbps

Figures 3-6 illustrate the result of the analysis for 64 kbps, 144 kbps, 384 kbps and 2048 kbps. The main conclusion of this analysis is that two major factors impact the capacity ratio;1) Channel inactivity time and Packet Length and 2) trunking inefficiency. The impact of duty cycle is neglected in these figures. As the traffic load increases on RACH, the channel set-up time increases and the use of circuit switching becomes less efficient for packet data services. Even if the channel inactivity time was not an issue, the trunking inefficiency of 5Mhz system for high data rate services provides a floor for capacity ratio between the Packet Switched (P-S) mode and Circuit Switched (C-S) transfer mode.  

Recommendation

Adopt the use of Common Packet Channel for UDD services.

Figure 3:  64 kbps
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Figure 4:  144 kbps

Capacity Ratio versus Packet Length in Kbyte

PB = 2%

100% duty cycle



Figure 5:  384 kbps

Capacity Ratio versus Packet Length in Kbyte

PB = 2%

100% duty cycle

 

Figure 6 :2048 kbps

Capacity Ratio versus Packet Length in Kbyte

PB = 10%

100% duty cycle



 Appendix A

This appendix provides some useful information on data services. The tables and information are not used in the capacity analysis in the paper.  The following table [1] is a summary of possible allocation of capacity to various services: 

Service
Capacity requirement

Voice
20%

Simple messaging
5%

Circuit-switched data
25%

Interactive MM
46%

Medium and High MM Services
5% *

* The Forward link spectrum requirement of this service is 50 times higher than its reverse link spectrum requirement.  


BHCA
MSG. Length
Bit Rate
Avg. Call

Voice
1
-
32 kbps
60 s

Simple

M.
.1
40 Kbyte
64 kbps
5 s

CS-Data
.1
273 Kbyte
144 kbps
15.2 s

Int. MM
.18
2.3 Mbyte
384 kbps
48 s

M & H

MM
.18
41.5 Kbyte
64 kbps
5 s

BCHA = Busy Hour Call Attempt

Table 1:  Service Characteristics

Services
User net bit

Rate [kb/s]

(1)
Coding

Factor

(2)
Asymmetry

Factors

(3)
Effective

Call duration

[s]
Service

bandwidth*

[kb/s]

High interactive MM
128
2
1/1
144
256/256

High MM
2000
2
0.005/1
53
20/4000

Medium MM
384
2
0.026/1
14
20/768

Switched data
14
3
1/1
156
43/43

Simple messaging
14
2
1/1
30
28/28

Speech
16
1,75
1/1
60
28/28

*The service bandwidth is the product of columns 1,2, & 3.

Figure 1
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