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Introduction:

With the rise of interest in wireless Internet on a global basis, there is a need to provide some guidelines on
various packet data mechanisms in W-CDMA.  There are several options for transfer of packet data within W-
CDMA specifications.  Some, such as DCH/DCH are suited for real time data, some are suited for fast signaling
purposes such as RACH/FACH and some are designed for Internet-type services, such as CPCH/FACH.

In this information-only presentation, we show that CPCH/FACH is optimal for the Internet-type services.
However, the motivation of bringing this contribution to RAN is to inform of GBT’s intention to introduce this
to an impartial 3GPP group such as WG4.  GBT will submit this contribution to WG4 for their next meeting.
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CPCH VS. Dedicated

CPCH is More Efficient Than DCH
•
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W-CDMA Packet Data Solutions at the Common Air Interface and
CPCH
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Inter-Packet Call time ex: 120 s

Packet Call
ex: 15-25 packets

Typical number of packet calls
in a session = 5: HMM, MMM

Ex: Packet inter-arrival time = 80 ms 

Ex: Packet length = 320
byte = 20 ms @ 128 kbps

Inter-Packet Call time ex: 120 s

Packet Train Model
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Packet 1 Packet 2  DCH 
Operation

T inactivity

 

….

CPCH
Operation

Data: 384 kbps 15% ON

Control: 16 kbps 85% ON

…..

Excessive unnecessary 
uplink interference

Problems with DCH in
Packet Transmission

• When Compared to CPCH, DCH Control Channel

• Wastes 24% of Spectrum Capacity

• Wastes 24% of handset power consumption in Talk mode

• Requires 5-10 times more channel resources in the Base Node

• Wastes 12.4 % more downlink capacity
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CPCH vs. DCH: Channel
Resources

DCH requires 5-10 times more Channels than CPCH in the Base Node
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CPCH vs. DCH: Channel
Resources (More)

CPCH requires 5-10 times less Channel cards in
Base Node

• Assume a single cell with FULL capacity is dedicated to
packet data service ONLY, How many channel cards are
required to what are the resource requirements and what is
the capacity of the Base?

• Example: 7 CPCH @ 384 kbps  = 2.668 Mbps
• CPCH operates at 80% throughput, so the Cell throughput =

2.668 Mbps x .8 = 2.15 Mbps
• DCH Example: 30DCH @ 384 kbps x .15 + 30 DCH @ 16

kbps x .85 = 2.15 Mbps
• Cell throughput (DCH) = 2.15 Mbps - 408 kbps (Control

Channel interference) = 1.742 Mbps
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CPCH vs. DCH: Power & UL
Capacity

CPCH uses 24% less power in communication mode CPCH
offers 24% more UL Capacity

• Assume 15% duty cycle for DCH operation @ 384 kbps
• DCH operates @ 16 kbps when OFF
• Average DCH rate per user = 384 kbps x .15 + 16 kbps x .85

= 71.2 kbps
• Average CPCH data rate per user = 384 kbps x .15 = 57.6

kbps
• Clustered nature of the packet arrivals leads to 24% more

interference and therefore 24% less capacity in case of DCH
• This also leads to 24% less UE power consumption in

communication  mode
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DCH Gating Method COSTs excessive
interference in UL and DL

DL

UL

Packet Call duration
of 2.5 s

Contro l Channel Gating duration:
Ex: 1, 2.5 s, 5 s, 7.5 s
Ex: Gating Rat e = 1, 1/2, 1/4

Gating Rate = 1

• Assume 20% duty cycle du ring packet cal l, 30 simultaneous  p acket calls for DCH operati on,
p ack et call durai on = 2.5 s

• TO = Control Channe l Release  Time-Out =1, 2.5, 5, 7.5 s

• GR = Gat ing Rat e

• UL cap-req =  N pkt-call x (1-duty cycle) x f dpcch

+ (TO /pkt-call-dur ) x N pkt-call x f dpcch x GR
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Examples of Downlink and Uplink Capacity
wastage with DCH optimization methods such
as Gating and Stop and Resumption Control:

• TO = 2.5 s, GR = 1/2, 60 parallel active sessions, 30 parallel packet calls:

• UL cap-req = 30%, DL cap-req = 15% (Gating method)

• TO = 1s, GR = 1, 42 parallel sessions, 30 parallel packet calls:

• UL cap-req = 28%, DL cap-req = 14% (Stop and Resumption control)

Conclusion: Both methods lead to excessive interference in DL and UL
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CPCH vs. DCH: Downlink
Capacity

DCH Costs a minimum of 11.2% of Downlink
Capacity to support Uplink Packet Transfer While
CPCH Costs only 2.6% of the Downlink Capacity

• Assume 30 parallel packet calls for DCH operation at all
times

• 30 x 8 kbps = 240 kbps Control Channels required in
downlink to support the uplink transfer. [11.2% of the
packet capacity]

• With CPCH 7 x 8 kbps = 56 kbps is required to support the
uplink transfer in the downlink direction. [2.6% of packet
capacity]
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CPCH Versus RACH

CPCH provides a factor a six overall throughput
efficiency as compared to RACH method.

• CAPACITY: CPCH’s Closed Loop Power Control provides a
3 times improvement in capacity as compared to RACH’s
Open Loop Power Control

• THROUGHPUT: Collision Resolution provides a factor of
two more efficiency in throughput.  CPCH provides 6 times
more throughput as compared to RACH given the same
amount of Base Resources

• RACH is not suited for bursty packet data
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CPCH vs. RACH: Capacity
Gain

Three Times Capacity Gain Due to Use of Closed
Loop Power Control (CPCH) Versus Open Loop
Power Control (RACH)

• Indoor Performance at 10 -4 ( 8 dB gain in Eb N0 req)
• Outdoor Performance at 10 -4 ( 3 dB gain in Eb N0 req)
• Capacity gain of a factor of 2 (3 dB) for outdoor
• Capacity gain of a factor of 6.5 (8 dB) for indoor
• Capacity Ratio of 2-6 [Closed Loop Power Control versus

OLPC]: Assume the Capacity Ratio to be three.
• Throughput efficiency: RACH = 40%, CPCH = 80%
• The rough cutoff to use the RACH should be for messages

smaller than 40 bytes over 32 kbps channel.
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CPCH vs. RACH:
Throughput

CPCH provides 6 times more throughput as
compared to RACH given the same amount of
Base Resources

• Let’s assume that RNC has allocated 384 kbps for packet
data, how many RACH/CPCH channel cards is required to
support this capacity? What would be the throughput in
each case?

• Let’s assume, we are deploying 128 kbps channel cards for
both cases.

• 3 CPCH channels @ 128 kbps = 384 kbps x .8 = 307.2 kbps
throughput

• 3 RACH channel @ 128 kbps = 384 kbps x .4 x (1/3) = 51.2
kbps throughput
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UE and Base Node Hardware
Requirement for CPCH

• UE should support simultaneous reception of
FACH and DL-DPCCH. UE should support
SF=512.

• In the extreme case of signature sharing between
RACH, CPCH (AP and CD), Base Node does not
require any additional hardware. Base Node must
search for the CD preamble in case of CPCH.

• If there is a slot partitioning between RACH and
CPCH and no signature sharing, then an
additional CPCH receiver is required.

• RACH and CPCH require identical AP-AICH
transcievers in the Base Node.
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CONCLUSION

• CPCH is the most efficient Packet mechanism for Small and
Medium Sized Packets, the most common size for Web-
related Transactions (email, web-browsing, etc…)

• CPCH offers Hardware Savings (5-10 times), Higher
Spectrum Efficiency (25% uplink & 12.4% downlink) and
Longer terminal talk time (25%) over DCH

• CPCH offers a 3 times Improvement in Capacity and an
Overall 6 times more Throughput over RACH given the
same amount of Base Resources


