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We have attached two documents to this contribution: 1) A system engineering paper by GBT,
AT&T research Lab, SBC technology resources and 2) an analysis of power consumption of 3G
packet data terminals. The motivation behind presentation of these documents is to justify the
following recommendations:
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If DSCH method operate in a circuit mode, and without fast de-allocation, thereis alarge
capacity wastage penalty in both downlink and uplink directions. If there is no fast DSCH
de-dlocation, then there is a significant advantage in introducing CLPC on FACH from
the downlink packet data capacity perspective. Having DSCH operate in circuit mode
will also lead to a significantly higher UE power consumption. Using the circuit mode
of operation leads to a factor of 2-6 higher UE power consumption as compared to
use of packet mode of operation. We associate packet mode of operation to fast
alocation and de-allocation of the resource [uplink or downlink].
[Recommendation: Fag de-allocation of DSCH]

Having FACH operate in an optimum manner [optimum OLPC], provide a significant
advantage in terms of UE power consumption. This conclusion is true for UES operating
in packet mode in general. But speaks to the need for utilizing the FACH in OLPC mode
where there is a capacity and UE power consumption advantage. [Recommendation:
optimization of OLPC on FACH]

Throughput Delay simulation of RACH and CPCH shows a significant advantage for
CPCH method. The throughput of RACH is limited due to lack of collision resolution
and Status broadcast mechanism. [Recommendation: introduction of CR on RACH to
improve throughput on RACH]

Use of DCH/DCH for uplink packet transfer causes capacity wastage in downlink and
uplink. Use of DCH at lowest rate, i.e., 16 ksps, is extremdly inefficient. Using DCH at
higher rates such as 32 ksps or higher by several UEs simultaneously will lead to higher
inefficiencies due to random nature of uplink packet transmission.[recommendation:
Avoid using DCH for packet data due to high level of interference generation in
both uplink and downlink directions and due to excessive UE power consumption.]

Use of continuous control link in the uplink and downlink direction for bursty traffic
leads to high capacity wastage in uplink and downlink as well as high level of power
consumption [the analysis in this paper is performed with 1 s connection release
assumption]. This is an important consideration for R'99 packet data mechanisms as well



as the possible future release packet mechanisms. This fact points to making an effort
to eimination of the continuous dedicated signaling channel in the uplink and
downlink if possible.

These recommendations are justified directly or indirectly by the text in this contribution. GBT
recommends adoption of these conclusions by WG1.



Attachment A:

Power Consumption of the 3G Wireless Terminals

The power consumption of the 3G packet dataterminals, i.e., PDA or amessaging devise will be afunction
of the power consumption in the Baseband, RF and the LCD display. Terminals that deploy packet mode
of operation consume an order of magnitude reduction less power. The power consumption of the devise in
the transmit mode will be a function of overall packet transmission time and rate. In this section, we show
that the packet mode 3G Packet Data terminals consume 1.7-6.4 times less power as compared to circuit
mode 3G Packet Data terminals. These range correspond to the activity factor range of 1-25%..

The power consumption in the three segments of the terminal is shown in the following tables. Note that
the power consumption in the memo ry deviseis negligible as compared to the other segments.

Table 1: ASIC[1]

M ode of Operation Power Consumption
Full Duplex 80 mA

Idle (Rx+Buffer) 40 mA

Sleep Mode 1.25 mA

Table 2: RF segment [2]

Mode of Operation Power Consumption

Full Duplex 56 mA (Rx) + 80 mA (minimum TX)+ 240 mA
(TX PA)

Idle 56 mA (Rx)

Sleep Mode 25mA

Table 3: LCD Display [3]

Terminal Type Power Consumption
Cell Phone 150 ?A

Smart Phone 600 ?A-1.2 mA
PDA/Passive 1mA-2mA
PDA/Active 13.3 mA




The following two formulas are used to compute the power consumption of the 3G packet data terminals:

I averagecircuit-DCH = A X (l RF-full-duplex-DCH + 1 ASIC-fuII-dupIex-DCH) + (1'A) ( I RF-sleep +1 ASIC—sIeep) +1 LCD

| averagepacket-cPcH = A X (I RF-full-duplex-cPcH + | Asic-x-idie-cPeH) + (1-A) (| RFsleep + | AsiGsieep) + 1 LeD

Where A is the activity factor while in an active session. A indicates what percentage of time, the terminal
is either transmitting or receiving while in an active session. The ASIC in the Cell -FACH state and receive-
mode consumes lesspower than the ASIC in the Cell-DCH state in the full duplex mode. The treatment in
section 3.3 of the attached paper showed that the spectrum efficiency ratio of CPCHFACH is 26 times
higher than DCH for the indicated traffic model. This indicates that the power consumption of the
CPCH/FACH -enabled Packet Data terminal will be 26 significantly less in the RF and ASIC segments.
Given the above assumptions, we find the following Gain Ratios:

A: Activity | | averagecircuit- | | averagepacket- | Gain | averagecircuit-DcH | | averagepacket- | Gain
factor DeH creH Ratio |1 .ep = 133 &H Ratio

lico =2mMA | ILcp=2MA mA | Lep = 133

mA

1% 10.27 mA 6.27 mA 17 21.27 mA 17.26 mA 1.23
5% 283 mA 831 mA 34 394 mA 193 mA 2
10% 509 mA 109 mA 4.7 62 mA 225 mA 2.8
20% 02 mMA 16 mA 6.2 1072 mA 268 mMA 4
25% 119 mA 1855 mA 6.4 130 mMA 2055 mA 4.4

As can be seen in the above table, when the activity factor increases, the power consumption gain ratio
increases as well. A typical 20% activity factor leads to a gain factor of 4-6.2 depending on the power
consumption of the LCD display. The gain is primarily derived from having the transmitter on only when
the data is transmitted while in the Cell-FA CH state whereas the UE in the Cell-DCH state, is transmitting
even when there is nothing to send or when it is only receiving data. Note that we have made the
assumption that the UE releases the link after 1 second of inactivity whilein the cell -DCH state.




[1] www.qualcomm.com/ProdTech/asic
[2] www.Maxim-1C.com
[3] www.epson.co.jp/devise/e/lcd/lcd.htm
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Abstract: In this paper we address issues concerning technology selection for non-real time,
near real time and interactive data services for 3G W-CDMA systems. Specifically, we compare
the packet mode of operation with the circuit mode of operation in UMTS W-CDMA. We show
that the use of packet channels such as the Common Packet Channel (CPCH) and Forward
Access Channel (FACH) lead to an order of magnitude higher spectrum efficiency as compared
to use of the dedicated channels. We also show in an example and under a set of service mixture
assumptions that their use lead to a factor of 3.3 higher spectrum efficiency in downlink and 26
in uplink, and to more than two order of magnitude resource utilization efficiency gain in the
range of 2-134. Finally, CPCH offers eight fold increase in throughput and capacity efficiency
as compared to Random Access Channel (RACH). We find that the level of resource utilization
gain is sensitive to the level of bursty-ness of traffic as is the case with the spectrum efficiency
gain.

1 Introduction

Currently, there are two modes of operation for packet data transport in the 3GPP W-CDMA: packet
mode and circuit mode [1]. In the packet mode, the downlink transport channels include use of
FACH. The uplink transport channels for packet mode are RACH and CPCH. The Dedicated Channel
(DCH) is used to transfer packet data in a circuit mode of operation in both directions. Downlink
Shared Channel (DSCH) can be used in either modes. In this paper, we analyze the performance of
DSCH in the circuit mode of operation.

The User Equipment (UE) in the connected mode can be in one of four states. Two of these states
correspond to the paging operation'. The UE transmits or receives data packets in the other two states:
Cdl-FACH and Cdl-DCH, which are used for packet mode and circuit modes, respectively. Cdl-
FACH gate is primarily intended for non-real time and bursty data while the Cell-DCH state is suited
for reaktime applications. Cell-FACH consists of two sub-states: RACH/FACH and CPCH/FACH.
On the other hand, Cell-DCH state consists of DCH/DCH and DCH/DCH+DSCH sub-states.

Transport channels such as CPCH, FACH, DCH, DSCH and RACH will primarily support the packet
mode and circuit mode of operations in the UMTS W-CDMA system. The Dedicated Channels are
primarily suited for the real time data while the Common Channels such as CPCH and FACH are
primarily planned for non-rea time data applications In what follows, we give a brief description of
each of these transport channels functionality. However, the reader is referred to the up-to-date
definitions provided by 3GPP standard [1].

Dedicated Channedl (DCH) is a downlink or uplink transport channe that is to be used for transfer of
voice and data in a circuit switched mode. CPCH is an uplink transport channel for nortred time
packet data. CPCH radio access protocol can best be described as a Digital Sense Multiple Access

*1 The paging operation is not considered in this paper.

Please contact the author for all inquiries about this paper.



with Collison Resolution Access (DSMA-CR). FACH could also be used as a downlink packet
channedl. Downlink Shared Channe (DSCH) is another transport channel, which is primarily used in
the downlink direction. The term “Shared” refers to downlink channelization code sharing. The use of
downlink-shared channel is only possible in conjunction with the Dedicated Channel (DCH), Random
Access Channdl (RACH) is an uplink channel that is primarily intended for signaling. RACH could
also be used for short packet transmissions.

This paper quantifies the performance of packet data transfer over the circuit data transfer for use of
non-real time, bursty packet data transfer in the W-CDMA system. The gain in capacity” and
throughput is achieved from fast set-up and release of resources in the packet mode. The circuit mode
of operation is not suited for non red-time data due to long connection set-up/release time and
excessive end-to-end TCP acknowledgement delays. The packet mode approach in the uplink and

downlink directions eliminates these inefficiencies leading to the capacity and throughput gains
discussed in this paper.

The set of formulas derived and presented in this paper can be utilized for planning data services in
the UMTS W-CDMA system. Given the expected traffic model and the planned number of
subscribers, we can determine the number of required modem cards for the sub-state (e.g. DCH/DCH,
etc.) and the total number of required Base Nodes in the system. We aso present that the spectrum
efficiency of the W-CDMA system is optimized for non-real time data by utilizing the packet mode

of operation. The degree of bursty-ness impacts the extent of spectrum efficiency and resource
utilization gains directly. In particular, we show that the use of CPCH/FACH sub-sate is the
optimum solution for nonrea time multimedia services and improves spectral efficiency and
resource utilization significantly. We show that the packet mode achieves an order of magnitude more
capacity and throughput in the downlink and uplink directions.

Our objective in this paper is to address various issues concerning the technology selection strategy
and method. The first issue in planning data services in the CDMA system is the problem of

downlink, uplink capacity and the capacity imbalance in both directions. Section 2 addresses the
CDMA downlink and uplink capacity issues. Section 3 addresses the spectrum utilization ratio for
both modes of operation. . Section 4 provides tde-traffic engineering background associated with
circuit mode of operation. In Section 5, we introduce a method to quantify the number of required
circuit switched (DCH/DCH+DSCH or DCH/DCH) or packet switched (CPCH/FACH) resources in
the system. Finally, Section 6 provides the conclusion.

2 CDMA Uplink and Downlink Capacity Formulation

The first issue in system engineering of data services in UMTS is the determination of W-CDMA
uplink and downlink capacity. This is important because the packet data rvices are primarily
asymmetric. Also the bi-directional asymmetric services such as Web-browsing require significantly
more downlink capacity than uplink. In this section, we show the dependency of uplink and downlink
capacity on parameters such as adjacent cell interference factor, and orthogonality. We show that the
downlink capacity could be an order of magnitude higher than uplink capacity depending on the
orthogonality factor.

21 Impact of Orthogonality and Bursty-ness on Uplink and Downlink Capacity

The CDMA packet data system capacity (for downlink and uplink directions) when Base Node
allocates equal power to each mobile can be written as follows:

2 Werefer to capacity and throughput as spectrum efficiency and resource utilization efficiency, respectively.



N = A xPG

ot C':'DL (g) >((fspill + rorth) ><SNRreq- DL
N = A PG

ot G\JL(g) ><(fspill + 1) ><SNRreq— UL

Where PG isthe processing gain, Ais the number of sectors, SNR is the required signal-to-noise ratio,
fe s the interference spillover from adjacent cells or sectors, G(7?) is the required capacity increase
due to bursty-ness nature of the non-real time packet datatraffic (egs. 14 and 15) and r ,, iS.

D

2

Power of largest path
Total power of the multipaths

rorth :

G(?) in(1) and (2) is equa to 1 for packet mode of operation because The orthogonality factor is
different for various environments. Using the ITU channel model A [2] and the above equation we
find the following orthogonality factors:

rorth(indoor) = 011, rorth(vehicular) = 067, I’orth(pedestrian): 0.067

Furthermore, using (1), (2) with 50% spillover for both directions and 1-2 dB imbalance between the
uplink and downlink SNRreq, We can use the following formula ratios for the 3 types of environments,
i.e., indoor, pedestrian, and vehicular:

?. 9 NDL 7 (fs)ill 7 l)?S\IReqUL
I NUL (fq)ill ’) rorth)?S\erquL

The values of ?; are shown in Table 1. Note that downlink capacity is 1.56-2.0 higher than uplink
capacity in the indoor and pedestrian environments. This is primarily due to the fact that
orthogondity is better preserved in the downlink direction.

i ?1,2and3 ©)

Environment || VR Imbalance 2.2 Impact of Non-equal Power and Bursty-ness on
1dB 2dB Downlink Capacity
Indoor 195 | 156

Downlink CDMA system capecity for packet data is a

Pedestrian 210 1.68 special case of the formulation in this section and requires a
Vehicular 101 0.80 more comprehensive anaysis. The work in [3] addresses
Table: ?; Capacity ratio of downlink to uplink this issue in more detail. The following formula shows Fhe
as afunction of SNR imbalance. relationship between bursty-ness (g;) and downlink
capacity [3]:
Channd Holding Time
R ? Sy (%) N\R Z_grorth ? fspm3 @ 77 A ©)

" Data Tansmission Time of thei” Mobile

Equation (4) aso expresses the downlink capacity in terms of the transmit power, P; (where P; isthe
transmit power for the I" mobile). Ideally, when there is nothing to transmit, the resources are
released and no excessive interference is generated. This will keep the transmit power to its lowest
level as it is the case with common channels. In contrast, with the dedicated channel approach, a
control channel per connection is maintained until the expiry of a connection release timer resulting in
excessive interference. In Section 3, we will show when the level of bursty-ness is high then the
packet data system capacity will be an order of magnitude higher using common channels as
compared to dedicated channels.



3 Capacity Improvement Ratio

In the previous Section, we addressed the issue of impact of bursty-ness on CDMA system capacity.
In this Section, we perform the following capacity comparisons: 1) the circuit mode of operation in
downlink (DCH/DCH+DSCH) with the packet mode of operation (CPCH/FACH), 2) the circuit
mode of operation in uplink (DCH/DCH) versus CPCH/FACH, and finally 3) two uplink packet
mode of operations; RACH/FACH versus CPCH/FACH. The packet call mode proposed in [4] is
used in the system analysis that follows.

3.1 DCH/DCH+DSCH versus CPCH/FACH Capacity Gain in Downlink

To determine the capacity gain introduced by packet mode in W-CDMA system as compared to the
circuit mode, we define the following variables:

T: Transmission time per packet in ms

Toeteup - Link set-uptimeinms.

Treease : Link release timein ms.

Tix: Inter-packet arrival timein a packet call, 10 ms

Tinactivtiy: Connection Release Timer (1 9)

Packet Szes: 80 bytes, 240 bytes, and 480 bytes

RTT: TCP-TCP Round Trip Delay, 80, 250, 500 ms

n: Number of packet callsin an active session, (1,2,3,...,7)

m: Total Number of packetsin an active session, (1,3,..., 127)
F1pbpccH-pL: Downlink Control Channel Rate, 10 kbps

FippccH-uL: Uplink Control Channel Rate for downlink asymmetric transfer, 16kbps
FoscH: Downlink Shared Channel Data Transfer Rate, 32, 64 kbps
NpscH: Number of allocated DSCH codes

To characterize the level of bursty-ness, we further expand (5) to derive the following relationship:

) ) TSEI?LD ’) Trelease ’) n7RI I ’) m f)(T ’) Tint) ?Tinactivity (6)
L !
m7l

"D
Note that this equation applies to the DCH/DCH+DSCH method. Also note that when using
CPCH/FACH method, g isequd to 1. Since g is the ratio of the channel holding time to the
channel transmission time, it can aso be used to derive the downlink spectrum efficiency. The control
channel rate is lower than the data channel rate. Equation (7) defines the downlink capacity gain of
packet mode over circuit mode;

E
1DPCCH?DL
Gop ?21?2(?,. 72D @
DSCH

The extra required control channels in (7) contribute to the increase in the required downlink
capacity. The uplink capacity requirement (in kbps) for asymmetric downlink transfer is defined as

S?UL 9 ?DL 7 NDS:H f) FlDPCCH?UL (8) Gl— uL = Sl_ UL (9)

I:DCH
Where G,y is the uplink capacity gain, which is e
equa to S, . normalized to the total uplink capacity. n,m 480Bytes | 240Bytes | 80
The result in Table 2 entails the downlink capacity Bytes |
gain of packet mode as compared to circuit mode. L1 oo s o
The results are obtained for various file sizes. The 37 > 04 55 173
first column lists various (, m) vaues. Where n is 4,15 159 1.83 2.80
the number of packet calls in a session and m 531 134 147 198
indicates the number of packets in the overal file. 3 %7 11_'122% iig i‘r;g
As can be seen for small file sizes and more bursty Table 2: Downlink packd mode spectrum enaancy

traffic, the gain is high. The gain ranges between Gain of CPCH/FACH over DCH/DCH with DSCH.



1.125-5.53 for 480 byte packets and DSCH rate of 64 kbps. The capacity gain versus file size is aso
plotted in Figure 1. Table 3 shows the uplink capacity requirement for the asymmetric downlink
transfer if two DSCH (source rate = 64 kbps) codes were alocated for the downlink transfer. The
table entries indicate the uplink bandwidth requirements to support the transfer of 128 kbps when the
DCH/DCH+DSCH method is used. For example, for transfer of a 7.2 kbyte file in downlink (n=4,
m=15, packet size = 480 bytes and the

DCH/DCH+DSCH method is used) a 153.6 . m Fnsow = 64 kbps
kbps uplink capacity is required. This uplink 480 Bytes 240 Bytes 80 Bytes
capacity is consumed solely for the control L1 90kbps _ 1376Kbps | 4288 Kbps
2,3 422 kbps 664 kbps 1568 kbps
purposes and not for any data transfer. The |3 246 kbps 348 kbps 736 Kbps
ratio of the upl|nl_< capacity requiremert to t_he 4 15 153.6 Kbps _ 201.6 Kbps 400 kbps
64 kbps data rate is plotted against the file size 5, 31 102 kbps 128 kbps 234 kbps
in kbyte in Figure 1 (dashed ling). This | 6,63 73.2 kbps 89 kbps 150 kbps
capacity ratio ranges from 1-15. 7,127 58 kbps 70.4 kbps 109 kbps
Table3: Uplink spectrum requirement to support the downlink
Therefore, we see tha the use of asymmetric transfer in circuit mode.

DCH/DCH+DSCH is associated with high

level of control overhead as compared to CPCH/FACH. At high leve of bursty-ness characterized by
smaller file sizes, the capacity gain associated with packet mode could be as high as 5.5 for 480 bytes
packets. Another significant detriment to the usage of DCH/DCH+DSCH for unidirectiona downlink
traffic isthe significant amount of uplink capacity wastage as shown in this sub-section.

3.2 DCH/DCH versus CPCH/FACH Capacity Gain in Uplink

In this sub-section, we analyze the reverse
condition, i.e, the uplink unidirectiona 100
asymmetric data transfer. We derive similar
formulas for the uplink transfer and determine

the spectrum efficiency gain associated with the

usage of CPCH/FACH over DCH/DCH 12
method. The following list entails the additional
parametric assumptions for uplink:

1SaEn Fami

Fappcen-pL: Downlink Control Channel Rate for i

uplink- asymmetric-transfer, 10 kbps
FoppecH-uL: Uplink Control Channel Rate, 16kbps
Focn: Uplink Dedicated Channel Data Transfer

Rate, 16 kbps _ .
The following formulas are similar to the v | i i o
downlink case in section 3.1. We define the Figurel: Capacity gain of CPCH/FACH over DCH/DCH+
uplink inverse duty Cycle as DSCH or unidirectiona downlink transfer.

o Tenp ? Tense 27 NRIT 2MAT 2T ) ? Tty
VI m7T (109
The uplink capacity gain ratio is defined as:
F ?F
GZ?UL 2 ?UL 2DPCCH ?UL DCH (1)
I:DCH

The downlink spectrum requirement for uplink-asymmetric transfer is defined as.



S
Soor ? 20 Nocn Foopcenont (12) G, p = N 2>|<3||:_ (13)
DSCH "' DSCH

Where G, is the downlink capacity gain, which is equal to S, 5 normalized to the total downlink
capacity. The dight difference in the
formulations in (11)-(13) from those in (7)-(9)
arises from the lack of shared channd in the
uplink. Figure 2 provides the capacity gain of
packet mode as compared to circuit mode in the
uplink direction. The results are obtained for
various file sizes. This figure is for the packet
size of 480 bytes (the file size varies from 0.48
kbytes to 60 kbytes). The gain varies between
2.316.6. The ratio of the downlink capacity
requirement to the DCH data rate (16 kbps) is
plotted against the file size in kbyte in Figure 2.
This ratio ranges from 1.5-10.

Figure2: Spectrum efficiency gain  of In this sub-section, we showed that the use of
CPCH/FACH over DCH/ DCH for unidirectional DCH/DCH for uplink transfer is associated with
uplink transfer.

high level of control overhead as compared to
the use of CPCH/FACH. At higher levels of bursty-ness characterized by smaller file sizes, the
spectrum efficiency gain associated with packet mode could be as high as 20. Another significant
detriment to the usage of DCH/DCH for unidirectional uplink traffic is the significant amount of
downlink capacity wastage as shown in this sub-section.

CPCH/FACH versus DCH/DCH+DSCH and DCH/DCH: Capacity Gain in both directions

In this sub-section, we examine atraffic mode that includes the following applicationsin uplink and
downlink directions. E-mail, Web-browsing and FTP. The downlink capacity requirement (128 kbps)

Uplink Uplink Packet Downlink Packet

Applications size per User Downlink size per user nm Filesizes
Usage (Bytes) Usage (Bytes) (kbytes)
E-mail 80% 240 40% 240 23 (32 )
7.2(down
y 0, 0,
W eb-browsing 10% 80 50% 480 4,15 1.35(up)
FTP 10% 480 10% 480 7,127 61

Table 4: Traffic moddl.

is assumed to be four times the uplink capacity (32 kbps) requirement. Table 4 illustrates the traffic
model assumptions employed in this example and andysis.

We attempt to answer the following question: Given 128 kbps downlink capacity, 32 kbps uplink
capacity, a certain mix of non-rea time traffic (e.g.,, Email, Web-browsing, FTP), what is the
capacity requirement in the uplink and downlink directions to support this traffic in the packet mode
and circuit mode of operation? The packet mode of operation is CPCH/FACH and the circuit mode of

operaion is DCH/D CH or DCH/DCH+DSCH. Note that the total uplink and downlink capacity gains
can be expressed as follows (using equations 7-13):

GpL = GrpL + GopL 14) Gy =Gy +GayL (19
Where Gp. and Gy, are the total downlink and uplink capacity gain, respectively. Using the packet

sizes shown in Table 4 for each application, and the number of packetsin the session, the uplink and
downlink capacity requirements for each application are shown in Table 5 using equations 7-8 and



11-12. From Table 5 we note that the total downlink capacity requirement is 521 kbps while the total
uplink capacity requirement is 829 kbps. The spectrum efficiency gain of CPCH/FACH as compared

: : Uplink
Uplink Downlink . _—
Applications Application Control for Cdontrcl)_l fl?r Dmrlljlgtléﬁ(%plls():atlon
Data (kbps) uplink transfer ownlin p
Transfer
E-mail 0.8x11.8 x (32+16) = 453 0.8x118=944 0.4 x 664 = 265 0.4x4x128=205
Web Browsing 0.1x3.8x(16+32) =18.2 0.1x38=3.8 0.5x153=76.5 0.5x128x 1.59 =101
FTP 01x232x(16+32) =111 | 01x2324=232 0.1x58=5.8 0.1x128x1.125=14.4
Total 482.3 100.5 347.3 320

Table 5: Downlink and uplink Capacity requirements.

to DCH/DCH or DCH/DCH+DSCH is 420 kbps/128 kbps = 3.3 and 829 kbps/32 kbps = 26 in the
downlink and uplink, respectively. One can deduct that this uplink spectrum efficiency gain may
result in 26-fold reduction in battery consumption for packet data terminals using CPCH. In
conclusion, if the DCH/DCH+DSCH and DCH/DCH pairs are sdlected to support the non-real time
traffic in the uplink and downlink direction as shown in Table 4, the capacity requirement to provide
128 kbps in the downlink and 32 kbps in the uplink would be; DL 420 kbps, UL: 832 kbps. Whereas
the use of CPCH/FACH will only require DL: 128 kbps and UL: 32 kbps. The impact of closed loop
power control on the operation of FACH and DSCH is currently under study by the authors.

34 RACH/FACH versus CPCH/FACH: Capacity Comparison

In this sub section, we compare the capacity of the RACH and CPCH. Both transport channels are in
the uplink direction and both methods can be categorized as packet mode methods. The use of Closed
Loop Power Control, variable packet length, collision resolution, Base Node Status Broadcast and
channel assignment capability for CPCH leads to a two-fold gain in spectrum efficiency over RACH.

The authors in [5] showed the

I nterleaver (ms) 40 - :23C())HZ 10 . :4?)HZ = :igo He performance of the closed |00p

CPCH 3B | 28 | 5B - - power control over open loop power

RACH 60B | 60B | 6dB - - control for the W-CDMA system.

CPCH/RACH 3dB | 2dB | 1dB | 2dB 25d8 CPCH operates in closed loop
Gain

power antrol as compared to the

Table6: Ey/N, requirement comparison of CPCH and RACH RACH, which operates in open loop

power control during the message transmission phase. The results in [5] are not directly applicable
since the ramp-up process in RACH provides an initial accurate mobile transmit power requirement
estimate. This leads to a two-fold capacity improvement of CPCH over RACH from the spectrum
efficiency point of view when the Doppler frequency, Fy is 30 Hz [6]. Extensive link level
simulations of CPCH and RACH using the Cadence
S Design System’s SPW simulation tool have shown
e 2m i) the results tabulated in Table 6. The ITU channel
am model (A) is used for these link level smulations
[2]. These results are for RACH interleaving of 10

ms and for the convolutional code of rate R=1/2 for

both CPCH and RACH. These resuts show a 3 dB

gain a BER of 10° when 40 ms interleaving is

employed for CPCH. Note that the preamble ramp

up in both RACH and CPCH is modeled as closed

: loop power control operating a 400 bps. The

Figure3: Frameérér rate of CFI>CH and RACH preamble ramp-_up is followed by closed loop power
° with variousinterleaver lengths. control operating at 1500 bps for CPCH as
compared with open loop power control for RACH.




The use of closed loop power control results in less required E,/N, and subsequently more capacity.
In Section 2, we showed the direct relationship between the uplink capacity and the required Ey/N..
Figure 3isaplot of Frame Error Rate versus E,/N, requirement for RACH (10 ms interleaving) and
CPCH (10 ms, 20 ms, and 40 ms interleaving) cases in the 30 Hz fading environment.

4 Quality of Service (Qo0S): Blocking Probability and Delay

This section addresses the delay issue for the circuit mode of operation. The throughput delay curves
and simulations guide the performance management of the packet mode of operation and therefore
are not discussed in this section.

Erlang-B loss formula and the Erlang-C Dday formulas may be used for tele-traffic engineering of
the infrastructures when circuit-switched modems are used for data transfer over the air interface. We
can determine the blocking probability by using the Erlang-B formula and then determine the waiting
time by using the Erlang-C formula [7]. In other words, given P circuits, impinging Erlang-A traffic
will cause an x% blocking probability. As an example, given 4 circuits operating at 384 kbps, we will
have the following:

P=4 Circuits @ 20% Blocking Probability ? A=3 ? Waitingtime= C (P, A) =400 ms.

For packet switched modems, the throughput delay formulation may be used to derive the delay and
throughput efficiency of the radio access protocol. For example, the RACH Protocols has a
throughput efficiency of 0.18 at the 10D delay point for average packet length of 80 bytes. (See
Figure 4). The CPCH Radio Access Protocol results indicate that acceptable radio access delays
[10D], occurs at the normalized throughput of 62-78% for average packet length of 240 bytes (Figure
4). The service provider will have the choice of setting the mode of operation and other parameters
that impact the throughput delay performance thus setting the Grade of Service (GoS) in the delay
sense.

5 Throughput Improvement Ratio
5.1 CPCH/FACH versus DCH/DCH+DSCH and DCH/DCH

The resource utilization ratio using circuit switching and packet switching methods has been
addressed [8]. In [6], the author reports the resource utilization gain that varies between 5-40. In this
section, we show this gain to be 16 for the mixture of services described in section 3.3. The ratio
depends on the bursty-ness of the traffic. In Sections 3.1 and 3.2, we derived the expressions for the
level of bursty-ness for the uplink (10) and

- Upinkesna Do e Lmien can e CF creachowoonte downlink (6) directions. Using the parameters
T mn e ] and assumptions of the examples in sub-sections

3.1 and 3.2, we can find the resource utilization
gain in the uplink and downlink directions as a
function of file size and packet size. Figure 4
shows the resource utilization gain in the uplink
and downlink to be in the following ranges. UL.:
1.2-34 and DL: 2134. The resource utilization
gan of CPCH/FACH over DCH/DCH and
DCH/DCH+DSCH given the traffic model in
sub-section 3.3 is the following: uplink gain
factor of 5, downlink gain factor of 11, and
i P overdl gain factor of 16. In summary, 16

S N o @ DCH/DCH or DCH/DCH+DSCH pars are
=Gl needed to support 128 kbps in the downlink and
32 kbps in the uplink as postulated in section

Figure4: Resource utilization gain of CPCH/ FACH over
DCH/DCH+DSCH.



3.3. In contradt, utilizing the packet mode of operation, i.e, CPCH/FACH will only require one
transceiver modem in the Base Node.

52 CPCH/FACH versus RACH/FACH

Incorporation of Collison Resolution and Status Broadcast scheme into CPCH provides a more
intelligent Access Protocol and a four-fold throughput advantage over RACH, which is based on
Slotted Aloha. Note that the throughput performance of the RACH is less than the theoretical value of
36%. In the system level simulations, which yielded in the throughput delay performance results, the
payload size per RACH attempt was only 80 bytes (10 ms) whereas the overall average packet size
was 240 bytes (30 ms). The results of the system level simulations of the Random Access Channel
and Common Packet Channel (two modes. Channel Assignment and Channel Selection Modes) are
shown in Figure 5. In these simulations, there are

5 CPCH or RACH channels operating at 1 x 128

ksps, 2 x 48 ksps, and 2 x 16 ksps. The maximum

acceptable packet length for the CPCH radio

protocol is 80 ms.. The average packet length is

240 bytes, which is equal to 30 ms when the

CPCH Channel Selection or Channel Assignment

i modes are utilized. Figure 5 shows a four-fold

i throughput advantage for CPCH as compared to

" RACH. Note that at 10D, the CPCH throughput is
62-78% while the RACH throughput is 18%. D is
the average packet transmission time. In these
smulations, the number of dots between
successive preambles is set to be 3. The initid
preamble power level is subjected to a random
error (uniform density: standard deviation =3 dB). The throughput delay curve (Figure 5) shows two
delay traces per each protocol. One trace is the end-to-end delay, which includes the following four

components:

Figure5: Throughput delay performance of CPCH and
RACH.

UE RLC buffer waiting time: Random
Radio protocol access delay: Random
Packet transmission time: Random: mean vdue of 30 ms
lurlup delay: Fixed: 100 msround trip delay

ARQ ddlay (UETX - RNC Ack): Random

We term the first trace, which is the sum of the five components above as the UE-RNC end-to-end
delay. The second trace is the sum of the fira three elements. We call that the UE-Base Node Delay
in Figure 5. The ARQ delay is the time lapse from the end of the packet transmission over the air to

Aver age Packet MAC D Waiting time Radio Access ARQ Deay 2-way Fixed
Transmission throughput (end-to-end) In UE Queue Time ms lur-lup Delay,
Time, ms ms ms ms ms
30 0.052 151 3 18 32 100
30 0.077 153 32 20 32 100
30 0.26 167 6.6 31 4.6 100
30 0.47 203 12 50 16 100
30 0.58 230 20 67 22 100
30 0.67 288 34 84 42 100
30 0.77 470 132 124 123 100

Table7: Delay elementsfor the CPCH (Mode 2) protocol throughput delay performance

the receipt of the Acknowledgement by the UE. Tables 7 include the detailed breakdown of the delay
elements as plotted in Figure 5 in mode 2.



Our results show that a capacity ratio advantage of 2 and throughput advantage of 4 is achievable by
CPCH over RACH. We can therefore conclude that CPCH offers eight-fold increase in efficiency as
compared to RACH.

6 Conclusion

The treatment in this paper lays the groundwork for developing a wireless Internet system-planning
tool to be used for a UMTS W-CDMA system operating in FDD mode. The gains associated with
deployment of CPCH/FACH are traffic model dependent. However, the results in this paper show
that the improvement due to use of common packet channels over dedicated channels can be as great
as a factor of 34 in uplink and 134 in downlink in the throughput efficiency. More importantly, the
work in this paper show a capacity gain factor of up to 26 in uplink and up to 3.3 in downlink using
CPCH/FACH instead of DCH/DCH+DSCH. We also showed using CPCH/FACH one can gain a
factor of up to 2 in capacity and a factor of up to 4 in throughput versus RACH.
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