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1 Introduction
Boosted pilot is seen as a promising technique to improve the performance of channel estimation [1]. Early E-TFCI transmission scheme was proposed to support boosted pilot [2]. This document is to investigate the performance of Early E-TFCI transmission in link level especially on
· Link performance

· PAR analysis

2 Simulation assumptions
General simulation assumptions are listed in Table 1. MCS table is given in Table 2. 
Table 1: General simulation assumptions
	Parameter
	Explanation/Assumption

	Chip Rate
	3.84 Mcps

	Propagation Channel
	AWGN, Pedestrian A 3km/h, Vehicular A 30km/h

	Channel Estimation (CE)
	Real CE (DPCCH 6 pilot bits)

	Receiver
	RAKE: number of fingers/antenna = number of taps in propagation model. A-priori knowledge of channel tap placement (delay)

	Outer loop power control
	On, Up 0.5 dB

	Inner loop power control 
	On

	Inner loop power control step size
	1dB

	Inner loop power control delay and error rate
	1 slot, 4%

	Channel code
	Turbo code 1/3

	Turbo decoder
	Max Log MAP, 8 iterations

	Number of Rx. antennas
	2

	Channel oversampling
	1 sample/chip

	RAB configuration
	Without DCCH

	SF
	See Table 2

	TTI
	2 ms

	Rate matching
	Rel5 Rate matching

	Number of HARQ processes
	5

	HARQ
	Incremental redundancy, RV sequence {0, 1, 2, 5}

	Max. number of transmissions
	4

	Re-transmission delay
	10 ms

	ACK/NACK signalling error
	No error


Table 2: MCS table

	Transport Block Size
	Number of Code Blocks
	Modulation
	OVSF Code
	Initial Code Rate
	Rate after 4 Tx     (kbps)

	1024
	1
	QPSK
	C(4,1)
	0.33
	128

	2048
	1
	QPSK
	C(4,1)
	0.53
	256

	3072
	1
	QPSK
	C(2,1)
	0.40
	384

	4096
	1
	QPSK
	C(2,1)
	0.53
	512

	5120
	2
	QPSK
	C(2,1) , C(4,1)
	0.44
	640

	6144
	2
	QPSK
	C(2,1) , C(4,1)
	0.53
	768

	7168
	2
	QPSK
	C(2,1) , C(4,1)
	0.62
	896


Simulation procedure is as follows:
First, we will simulate for 7 MCS by varying T/P ratios and find optimum T/P ratio for each MCS considering all the channels. Simulation methodology is similar as that used in [1]. In this stage, there is no power offset within DPCCH part.
Second, we will compare the link performance and analyze PAR impact by boosting the pilot bits, i.e. applying power offset for pilot bits within DPCCH.
3 Simulation results
3.1 Optimum pilot power level for various data rate
Figure 1 to Figure 7 show the E-DCH performance for residual BLER target=0.01. T/P ratio is varied and corresponding long term Ecp/Nt and combined Eb/Nt (including DPCCH and E-DPDCH for all transmissions) are recorded.
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Figure 1: 2ms – 128 kbps
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Figure 2: 2ms – 256 kbps
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Figure 3: 2ms – 384 kbps
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Figure 4: 2ms – 512 kbps
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Figure 5: 2ms – 640 kbps
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Figure 6: 2ms – 768 kbps
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Figure 7: 2ms – 896 kbps
Table 3  illustrates E-DCH performance for PA3 channel.
Table 3: E-DCH performance – PA3 channel
	Rate (kbps)
	Optimal Ecp/Nt (dB)
	Optimal T/P (dB)
	Optimal Combined Eb/Nt (dB)
	Nominal Ecp/Nt (dB)
	Nominal T/P (dB)
	Nominal Combined Eb/Nt (dB)
	SNR loss (dB)
	Ecp/Nt boost (dB)

	128
	-21.82
	10
	2.31
	-21.82
	10
	2.31
	0
	0

	256
	-18.99
	10
	2.16
	-21.48
	13
	2.27
	0.11
	2.49

	384
	-18.42
	10
	1.94
	-21.78
	15
	2.15
	0.21
	3.36

	512
	-17.39
	11
	1.96
	-21.35
	16
	2.23
	0.27
	3.96

	640
	-16.89
	12
	1.95
	-21.31
	17
	2.21
	0.26
	4.42

	768
	-16.48
	12
	1.99
	-21.43
	18
	2.31
	0.32
	4.95

	896
	-15.93
	12
	1.99
	-21.60
	19
	2.42
	0.43
	5.67


Above results show that pilot SNR set-point increases as the data rate increases. SNR loss increases from 0 dB to 0.43 dB and the needed pilot boost ranges from 2.49 dB to 5.67 dB. 
3.2 Link performance of Early E-TFCI Transmission
Since both SNR loss and needed pilot boost is small in low data rate, one simple approach is to only apply pilot boosting for high data rate [1]. In current document, for illustration, 5 dB pilot boost is applied for data rates of 512 kbps and higher.
Unlike CDM and TDM approaches investigated in [3], Early E-TFCI Transmission proposal suggested boosting the DPCCH pilot fields directly [2]. This means that a power offset is applied for pilot field for high data rate. The concept is shown in Figure 8. E-TFCI is transmitted prior to the corresponding E-DCH data to assist Node B for correct power control.
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Figure 8: Pilot boost
To evaluate the link performance, we investigate on a subset MCS from Table 2. MCS table used in this stage is shown in Table 4. In this simulation, residual BLER target is varied. Long term received combined Eb/Nt is recorded for each residual BLER target. Please note that the power offset is also taken into account for the combined Eb/Nt calculation.
Table 4: MCS subset table

	Transport Block Size
	Number of Code Blocks
	Modulation
	OVSF Code
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	Initial Code Rate
	Rate after 4 Tx (kbps)

	5120
	2
	QPSK
	C(2,1) , C(4,1)
	15
	61, 43
	0.44
	640

	7168
	2
	QPSK
	C(2,1) , C(4,1)
	15
	77, 54
	0.62
	896


Figure 9 and Figure 10 illustrates the link performance for PA3 and VA30 channels. It can be seen that although pilot boost operation point is optimized for PA3 channel and 0.01 residual BLER, the performance of boosted pilot is always better than normal case for other residual BLER targets and VA30 channel too.
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Figure 9: Pilot boost – 2 ms 640 kbps
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Figure 10: Pilot boost – 2 ms 896 kbps
3.3 PAR analysis of Early E-TFCI Transmission
If we assume that slot boundaries of all UL physical channels are aligned, power offset between pilot and other fields of DPCCH means that we should investigate PAR upon two parts separately. Table 5 shows PAR performance for 640 kbps and 896 kbps. The odd rows contain results for normal case and even rows include results with pilot boosting i.e. 
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 is increase from 15 to 27 (approximately 5 dB boosting). 
Table 5: PAR performance
	Data rate (kbps)
	DPCCH
	DPDCH
	E-DPDCH
	HS-DPCCH
	E-DPCCH
	99.9% PAR

 [dB]

	
	Br
	 c
	SF
	C
	Br
	 d
	SF
	C
	Br
	 eu 
	SF
	C
	Br
	 hs
	SF
	C
	Br
	T
	SF
	C
	

	640
	Q
	15
	256
	0
	
	
	
	
	I+Q
	61 & 43
	2 & 4 
	1
	
	
	
	
	
	
	
	
	5.15

	640 (B)
	Q
	27
	256
	0
	
	
	
	
	I+Q
	61 & 43
	2 & 4 
	1
	
	
	
	
	
	
	
	
	5.34

	640
	Q
	15
	256
	0
	I
	15
	64
	8
	I+Q
	61 & 43
	2 & 4 
	1
	
	
	
	
	
	
	
	
	5.30

	640 (B)
	Q
	27
	256
	0
	I
	15
	64
	8
	I+Q
	61 & 43
	2 & 4 
	1
	
	
	
	
	
	
	
	
	5.47

	640
	Q
	15
	256
	0
	I
	15
	64
	8
	I+Q
	61 & 43
	2 & 4 
	1
	Q
	15
	256
	32
	
	
	
	
	5.50

	640 (B)
	Q
	27
	256
	0
	I
	15
	64
	8
	I+Q
	61 & 43
	2 & 4 
	1
	Q
	15
	256
	32
	
	
	
	
	5.70

	640
	Q
	15
	256
	0
	I
	15
	64
	8
	I+Q
	61 & 43
	2 & 4 
	1
	Q
	15
	256
	32
	Q
	30
	64
	2
	6.04

	640 (B)
	Q
	27
	256
	0
	I
	15
	64
	8
	I+Q
	61 & 43
	2 & 4 
	1
	Q
	15
	256
	32
	Q
	30
	64
	2
	6.28

	896
	Q
	15
	256
	0
	
	
	
	
	I+Q
	77 & 54
	2 & 4 
	1
	
	
	
	
	
	
	
	
	5.10

	896 (B)
	Q
	27
	256
	0
	
	
	
	
	I+Q
	77 & 54
	2 & 4 
	1
	
	
	
	
	
	
	
	
	5.25

	896
	Q
	15
	256
	0
	I
	15
	64
	8
	I+Q
	77 & 54
	2 & 4 
	1
	
	
	
	
	
	
	
	
	5.20

	896 (B)
	Q
	27
	256
	0
	I
	15
	64
	8
	I+Q
	77 & 54
	2 & 4 
	1
	
	
	
	
	
	
	
	
	5.35

	896
	Q
	15
	256
	0
	I
	15
	64
	8
	I+Q
	77 & 54
	2 & 4 
	1
	Q
	15
	256
	32
	
	
	
	
	5.34

	896 (B)
	Q
	27
	256
	0
	I
	15
	64
	8
	I+Q
	77 & 54
	2 & 4 
	1
	Q
	15
	256
	32
	
	
	
	
	5.51

	896
	Q
	15
	256
	0
	I
	15
	64
	8
	I+Q
	77 & 54
	2 & 4 
	1
	Q
	15
	256
	32
	Q
	30
	64
	2
	5.77

	896 (B)
	Q
	27
	256
	0
	I
	15
	64
	8
	I+Q
	77 & 54
	2 & 4 
	1
	Q
	15
	256
	32
	Q
	30
	64
	2
	5.98


It can be seen that PAR increase is around 0.2 dB. 
4 Conclusion
In this document, we show that Early E-TFCI Transmission is a promising technique to support boosted pilot. The link performance is improved by boosting pilot bits directly for high data rate. PAR analysis is also given for the boosted pilot operation.
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