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1. INTRODUCTION

At last RAN4 meeting in Berlin, the chairman had stated that the CPCH simulation results needed to be included in TR25.845. This document consolidates CPCH simulation results from many companies for that purpose. Furthermore, TR25.845 was created in RAN4#13 meeting to capture the performance specifications on the demodulation of the common control channel. CPCH, like RACH, is another common uplink channel for packet access. GBT would like to recommend that the title of TR25.845 to be modified to include CPCH. 

2. SUMMARY OF CPCH SIMULATION RESULTS

The CPCH performance simulation results are categorized into two parts: BS CPCH reception and UE CPCH detection.

2.1   BS CPCH RECEPTION PERFORMNCE

The BS CPCH reception performance consists of preamble and message reception in both static and case 3  fading channel. 

2.1.1 CPCH AP and CD Preamble Detection 

At RAN4#17 in Tdoc R4-010502, GBT presented simulation results for AP and CD preamble detection in both static and case 3 fading channel. GBT’s results are consistent with many other companies’ simulation results in AP preamble detection in static channel. The fading results are also consistent with the results presented by Ericsson and Motorola. Tables 1 and 2 gather the simulation results of AP and CD preamble detection.

Table 1.  CPCH (AP/CD) and RACH preamble detection in static channel condition. 

 Required Ec/No (dB) for Pd = 0.99 and 0.999.

	
	Pd = 0.99
	Pd = 0.999

	R4-010502 (GBT)
	-24.94 
	-24.10 

	R4-000947 (Samsung)
	-24.67 
	-23.80 

	R4-000559 (Nokia)
	-24.77 
	-24.00 

	R4-000702 (Ericsson)
	-24.70 
	-23.80 

	R4-010111 (NTT DoCoMo)
	-24.62 
	-23.62 

	R4-010177 (Motorola)
	-24.00 
	-24.90 


Table 2.  CPCH (AP/CD) and RACH preamble detection in case 3 fading channel. 

               Required Ec/No (dB) for Pd = 0.99 and 0.999.

	
	Pd = 0.99
	Pd = 0.999

	R4-010502 (GBT)
	-19.83 
	-17.63 

	R4-010177 (Motorola)
	-19.50 
	-17.30 

	R4-010595 (Ericsson)
	-19.40
	-17.50


Based on these results, the performance requirements for CPCH AP preamble and CD preamble detection in TS25.104 should be the same as those for RACH preamble detection.

2.1.2 CPCH Message Reception

In base station, the performance of CPCH message reception in static channel is the same as RACH. In the multipath test case 3 fading channel, because of the fast fading (120 km/hr vehicular speed), closed loop power control is not effective. Thus, CPCH performance should be very similar to RACH. GBT simulated test cases with both TPC on and off for 10ms and 20ms TTI in the fast fading channel and found the results to be very close (within roughly 0.6 dB) to each other. In simulation of CPCH message reception, like RACH, perfect delay and channel estimates are used. Summary of the simulation parameters are in table 3.

Table 3. Simulation parameters for CPCH message reception.

	CRC
	16 bits

	Channel coding
	Rate ½ convolutional encoding

	Power ratio of CD preamble and message
	0 dB

	TPC bit error rate
	4% or no TPC in fading test case

	Transport block size in bits
	168, 360

	Power ratio of control and data channel
	Block size: 168
	-2.69 dB 

	
	Block size: 360
	-3.52 dB

	Spreading factor
	Block size: 168
	64, 128, 256, 256

	
	Block size: 360
	32, 64, 128, 256

	Message length
	10ms, 20ms, 40ms, 80ms TTI

	Rate Matching
	Repetition

	Eb/No
	Total transmitted energy per user bit divided by noise variance.


The following tables summarize and compare CPCH message reception simulation results with those results for RACH in the static channel.  

Table 4.  CPCH and RACH message demodulation in static channel condition with 10ms TTI. 

               Required Eb/No (dB) for BLER = 10% and 1%.

	
	TB size = 168  bits
	TB size = 360 bits

	
	BLER=10%
	BLER=1%
	BLER=10%
	BLER=1%

	R4-010503 (GBT)
	1.08 
	2.03 
	0.90 
	1.68 

	R4-000947 (Samsung)
	1.19 
	2.06 
	0.90 
	1.75 

	R4-000559 (Nokia)
	1.14 
	2.05 
	0.92 
	1.78 

	R4-000702 (Ericsson)
	1.2 
	2.05 
	0.95
	1.75 


Table 5. CPCH and RACH message demodulation for 20ms TTI in static channel condition. 

              Required Eb/N0 (dB) for BLER =10% and 1%.

	
	TB size = 168  bits
	TB size = 360 bits

	
	BLER=10%
	BLER=1%
	BLER=10%
	BLER=1%

	R4-010503 (GBT)
	1.1 
	2.0 
	0.92
	1.7

	R4-010957 (SBC)
	1.1
	2.02
	1.0
	1.7

	R4-000894 (Nokia)
	1.12
	2.05
	0.9
	1.8

	R4-000953 (NTT DoCoMo)
	1.1
	2.03
	0.85
	1.77

	R4-000909 (Ericsson)
	1.1
	2.0
	0.9
	1.7


Based on these static results, the performance requirements for CPCH message reception in TS25.104 should be the same as those for RACH.

For the fading channel, in addition to the same set of RACH message lengths, GBT also simulated test cases with 40ms, 80ms TTI with TPC on and 10ms, 20ms TTI with TPC off. Tables 6 to 11 gather the simulation results of CPCH message reception for multipath test case 3 fading channel.

Table 6  CPCH message reception with TPC on for 10ms TTI in multipath test case 3 fading channel  

              with the required Eb/N0 (dB) for BLER =10% and 1%.

	
	TB size = 168 bits
	TB size = 360 bits

	
	BLER=10%
	BLER=1%
	BLER=10%
	BLER=1%

	R4-010953 (GBT)
	1.60
	2.7
	1.33
	2.31

	R4-011213 (SBC)
	1.55
	2.6
	1.35
	2.3


Table 7  CPCH message reception with TPC on for 20ms TTI in multipath test case 3 

              fading channel with the required Eb/N0 (dB) for BLER =10% and 1%.
	             
	TB size = 168 bits
	TB size = 360 bits

	
	BLER=10-1
	BLER=10-2
	BLER=10-1
	BLER=10-2

	R4-010953 (GBT)
	1.49
	2.49
	1.29
	2.1

	R4-011213 (SBC)
	1.55
	2.5
	1.25
	2.15

	Average
	1.52
	2.5
	1.27
	2.12


Table 8  CPCH message reception with TPC on for 40ms TTI in multipath test case 3 fading channel  

              with the required Eb/N0 (dB) for BLER =10% and 1%.

	
	Block Size = 168
	Block Size = 360

	
	BLER=10%
	BLER=1%
	BLER=10%
	BLER=1%

	R4-011118 (GBT)
	1.56
	2.61
	1.28
	2.14

	R4-011213 (SBC)
	1.55
	2.6
	1.26
	2.15


Table 9  CPCH message reception with TPC on for 80ms TTI in multipath test case 3 fading channel  

              with the required Eb/N0 (dB) for BLER =10% and 1%.

	
	Block Size = 168
	Block Size = 360

	
	BLER=10%
	BLER=1%
	BLER=10%
	BLER=1%

	R4-011118 (GBT)
	1.55
	2.42
	1.36
	2.28

	R4-011213 (SBC)
	1.59
	2.41
	1.44
	2.29


Table 10  CPCH message reception with TPC off for 10ms TTI in multipath test case 3 fading 

                channel with the required Eb/N0 (dB) for BLER =10% and 1%.

	
	Block Size = 168
	Block Size = 360

	
	BLER=10%
	BLER=1%
	BLER=10%
	BLER=1%

	R4-011118 (GBT)
	2
	3.1
	1.77
	2.86

	R4-011213 (SBC)
	1.93
	3.2
	1.85
	2.9


Table 11  CPCH message reception with TPC off for 20ms TTI in multipath test case 3 fading 

                channel with the required Eb/N0 (dB) for BLER =10% and 1%.

	
	Block Size = 168
	Block Size = 360

	
	BLER=10%
	BLER=1%
	BLER=10%
	BLER=1%

	R4-011118 (GBT)
	1.97
	3.18
	1.8
	2.9

	R4-011213 (SBC)
	2.05
	3.19
	1.81
	2.92

	Average
	2
	3.18
	1.8
	2.91


The performance requirement for CPCH message reception in test case 3 fading channel in TS25.104 should be based on the set of results from 20ms TTI with power control by assuming an implementation margin of 6 dB as proposed for RACH in R4-010384.

2.2   UE CPCH DETECTION PERFORMNCE

The UE CPCH detection performance consists of CSICH, AP-AICH and CD/CA-ICH in both static and case 3 fading channel.

2.2.1 CSICH Status Indicator Detection Performance
CSICH is the CPCH status indicator channel, which carries the information on the availability of the physical CPCH channel transmitted by node B. The performance of UE CSICH detection is measured as the status indicator message error rate (MER) at various CSICH power offset in both static and multipath test case 3 fading channel. In simulation of CSICH, perfect delay and channel estimates are used. Summary of the simulation parameters are listed in table 12.

Table 12. Simulation parameters for CSICH status indicator message reception.

	AGC
	Off

	Number of SI messages Per Frame (N)
	15

	Pulse Shaping Filter
	Not used

	Number of Samples per Chip
	1

	Number of Bits in AD Converter
	Floating point simulation

	Number of Rake Fingers 
	Equals to number of taps in propagation condition models
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The following tables summarize CSICH status indicator message reception performance in both static and multipath test case 3 fading channel.

Table 13  CPCH status indicator channel detection as SI MER vs. CSICH power offset (dB) in static 

                channel.

	
	MER=10%
	MER=1%
	MER=0.1%
	MER=0.01%

	R4-010675 (GBT)
	-20.40
	-15.25
	-12.63
	-10.93

	R4-010956 (SBC)
	-20.00 
	-14.86
	-12.37
	-10.95

	Average
	-20.20
	-15.06
	-12.50
	-10.94


Table 14  CPCH status indicator channel detection as the SI MER vs. CSICH power offset (dB) in 

                multipath test case 3 fading channel.

	
	MER=10%
	MER=1%
	MER=0.1%
	MER=0.01%

	R4-010675 (GBT)
	-16.80
	-10.07
	-5.96
	-2.98

	R4-010956 (SBC)
	-16.80 
	-10.00 
	-6.13 
	-2.49 

	Average
	-16.80
	     -10.03
	-6.05
	-2.74


UE CSICH detection is very similar to PICH detection; therefore the implementation margin for CSICH performance requirement should be the same as for PICH. In TSGR4#16(01)0413, the implementation margin proposed for PICH is 2 dB for static channel and 3 dB for the fading channel.

2.2.2 AP-AICH Detection Performance

The AP-AICH is the CPCH access preamble acquisition indicator channel. Its physical channel structure is very much similar to AICH channel of RACH. The performance of AP-AICH is measured as the probability of missed detection of the acquisition indicator for a given detection false alarm rate at various AP-AICH power offset in both static and multipath test case 3 fading channel. In simulation of AP-AICH, perfect delay and channel estimates are used. Summary of simulation parameters are in table 15.

Table 15. Simulation parameters for AP-AICH.

	Pulse Shaping Filter
	Not used

	Number of Samples per Chip
	1

	Number of Bits in AD Converter
	Floating point simulation

	Number of Rake Fingers 
	Equals to number of taps in propagation condition models
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	AP-AICH power offset 
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	Depends on AP-AICH Power Offset
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The following tables compare simulation results of AP-AICH reception in static and multipath test case 3  fading channel with those results for AICH.

.

Table 16.  AP-AICH and AICH detection in static channel condition with the required 

                 power offset (dB) for Pfa = 1% and 1- Pd = 1%. 

	
	Power Offset

	R4-010951 (GBT)
	-14.35  

	R4-011211 (SBC)
	-14.30

	R4-010593 (Ericsson)
	-14.30 

	R4-010632 (NTT DoCoMo)
	                -14.20


Table 17.  AP-AICH and AICH detection in multipath fading test case 3 channel with the required 

                 power offset (dB) for Pfa = 1% and 1- Pd = 1%. 

	
	Power Offset

	R4-010951 (GBT)
	-3.80

	R4-011211 (SBC)
	-4.20

	R4-010280 (Nokia)
	-4.00 

	R4-010062 (NTT DoCoMo)
	-3.50 


Based on these simulation results, the performance requirements for UE AP-AICH reception in TS25.101 should be the same as those for AICH.

2.2.3 CD/CA-ICH Detection Performance

The CD/CA-ICH is a collision detection and channel assignment indicator channel. CD/CA-ICH carries CD indicator when channel assignment (CA) is not active. When CA is active, CD/CA-ICH carries both CD indicator and CA indicator at the same time. The performance of CD/CA-ICH is measured as the probability of missed detection of the CD indicator when CA is not active and CD/CA indicators when CA is active for a given detection false alarm rate at various CD/CA-ICH power offset in both static and multipath test case 3 fading channel. In simulation of CD/CA-ICH, perfect delay and channel estimates are used. Summary of simulation parameters are in table 18.

Table 18. Simulation parameters for CD/CA-ICH.

	Pulse Shaping Filter
	Not used

	Number of Samples per Chip
	1

	Number of Bits in AD Converter
	Floating point simulation

	Number of Rake Fingers 
	Equals to number of taps in propagation condition models
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The following tables summarize and compare the simulation results of CD/CA-ICH reception with those results for AICH in both static and multipath test case 3 fading channel.

Table 19.  CD/CA-ICH (CA not active) detection in static channel condition with the 

                 required power offset (dB) for Pfa = 1% and 1- Pd = 1%.

	
	Power Offset

	R4-010952 (GBT)
	-14.83  

	R4-010955 (SBC)
	-14.74

	Average
	-14.78

	R4-010593 (Ericsson)
	-14.30

	R4-010632 (NTT DoCoMo)
	-14.20


Table 20.  CD/CA-ICH (CA active) detection in static channel condition with the 

                 required power offset (dB) for Pfa = 1% and 1- Pd = 1%. 

	
	Power Offset

	R4-010593 (GBT)
	-14.50  

	R4-011212 (SBC)
	-14.40

	Average
	-14.45 

	R4-010593 (Ericsson)
	-14.30

	R4-010632 (NTT DoCoMo)
	-14.20


Table 21.  CD/CA-ICH (CA not active) and AICH detection in multipath test case 3 fading 

                 channel with the required power offset (dB) for Pfa = 1% and 1- Pd = 1%. 

	
	Power Offset

	R4-010952 (GBT)
	-4.75

	R4-010955 (SBC)
	-5.00

	R4-010028 (Ericsson)
	-5.87 

	R4-010280 (Nokia)
	-4.00 

	R4-010062 (NTT DoCoMo)
	-3.50 


Table 22.  CD/CA-ICH (CA active) and AICH detection in multipath test case 3 fading 

                 channel with the required power offset (dB) for Pfa = 1% and 1- Pd = 1%. 

	
	Power Offset

	R4-011117 (GBT)
	-4.60

	R4-011212 (SBC)
	-4.66

	R4-010028 (Ericsson)
	-5.87 

	R4-010280 (Nokia)
	-4.00 

	R4-010062 (NTT DoCoMo)
	-3.50 


Based on these simulation results shown in tables 19 to 22, CD/CA-ICH (CA active) and CD/CA-ICH (CA not active) detection performance are very similar to AICH in both static and multipath test case 3 fading channel. Although, they differ by ranging from 0.2 dB in the case of CD/CA-ICH (CA active) to 0.5 dB in CD/CA-ICH (CA not active) over static channel. Nevertheless, the performance requirements for UE CD/CA-ICH reception in TS25.101 should be the same as those for AICH.

3.  PROPOSAL

This document consolidated CPCH simulation results on BS AP/CD preamble detection, CPCH message demodulation, UE CSICH detection and AP-AICH and CD/CA-ICH reception from many companies. These results are for discussion in setting performance requirements in the respective technical specifications. 

RAN4 should discuss and approve this document.
4.  CONTACTS

Don Li 

dli@gbtwireless.com
Joe Kwak
joekwak@mcs.net
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