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1
Introduction
In a recent contribution R1-084259 [2], concern on 3GPP turbo code irregularities [1] were raised in the context of enhanced uplink. The 3GPP turbo code irregularity problem was revealed in [1] that the 3GPP turbo code suffers from irregular performance degradation around certain rates. The cause of the irregularity is non-uniform distribution of puncturing for some coding rates in the rate matching procedure. To circumvent the irregularities, a proposal was made to restrict the use of some E-TFCIs [1]. In this contribution, we perform a link-level analysis to study the turbo code irregularities on enhanced uplink. 
2
Simulation Results
In the simulation, we focused on the E-TFCIs of rates close to where the irregularity happens, including the E-TFCI identified in [2] for restriction. Table 1 lists the simulation assumptions [3] used in studying the performance of high rate enhanced uplink. 
Table 1: Enhanced Uplink Simulation Assumptions

	Parameter
	Value

	TTI
	2ms

	Number of H-ARQ Processes
	8

	Target Number of Transmissions
	1 TX for 16QAM, 1 TX and 4 TXs for QPSK

	Residual BLER
	1%

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Turbo Encoder

	Rate Matching Parameters
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	[2 0.33 0.44]

	DPCCH Slot Format
	8 Pilot, 2 TPC

	Channel Estimation
	Realistic

	Channel Model
	AWGN, PA3

	Receiver Type
	LMMSE Receiver for 1 TX, RAKE Receiver for 4 TXs


The channel estimator used in this study is based on time domain correlation, wherein the correlators are assigned to the known paths (in units of Tc/8) of the multi-path channel followed by a non-causal 4 slot averaging filter. Tables 3 lists PA3 channel profiles and correlator assignments.
Table 2: Correlator Assignment – ITU Ped A 3 km/hr

	Delay [ns]
	0
	110
	190
	410

	Delay [Tc/8]
	0
	3
	6
	13

	Power [dB]
	0
	-9.7
	-19.2
	-22.8

	Rake Fingers For 
Channel Estimation
[Tc/8]
	0
	8
	16
	Not Assigned


For each E-TFCI, optimal T2TP and total Ecp/No to achieve 1% residue BLER is derived in the simulation. The corresponding Ec/No is used as indication of link efficiency. The simulation results for various modulation scheme, max transmissions, and channel types are given in Tables 3-8. The E-TFCIs in red color are the restricted ones identified in [2]. Ec vs Code Rate curves are plotted in Figure 1.
Table 3: Performance of QPSK, 1 Transmission, AWGN Channel 

	TBS
	MaxTx
	Code Rate
	Modulation
	T2TP
	Ecp_tot/No (dB)
	Ec/No (dB)

	8772
	1
	0.7615
	QPSK
	12
	-6.312
	5.953

	8913
	1
	0.7737
	QPSK
	12
	-3.699
	8.566

	9108
	1
	0.7906
	QPSK
	12
	-6.000
	6.264

	10488
	1
	0.9104
	QPSK
	14
	-4.547
	9.622

	10532
	1
	0.9142
	QPSK
	14
	-5.821
	8.347


Table 4: Performance of QPSK, 1 Transmission, PA3 Channel 

	TBS
	MaxTx
	Code Rate
	Modulation
	T2TP
	Ecp_tot/No (dB)
	Ec/No (dB)

	8772
	1
	0.7615
	QPSK
	12
	-5.113
	7.152

	8913
	1
	0.7737
	QPSK
	12
	-1.721
	10.544

	9108
	1
	0.7906
	QPSK
	14
	-6.699
	7.470

	10488
	1
	0.9104
	QPSK
	14
	-1.887
	12.281

	10532
	1
	0.9142
	QPSK
	14
	-4.109
	10.059


Table 5: Performance of QPSK, 4 Transmissions, AWGN Channel 

	TBS
	MaxTx
	Code Rate
	Modulation
	T2TP
	Ecp_tot/No (dB)
	Ec/No (dB)

	8772
	1
	0.7615
	QPSK
	14
	-16.73
	-2.56

	8913
	1
	0.7737
	QPSK
	14
	-17.05
	-2.88

	9108
	1
	0.7906
	QPSK
	16
	-18.72
	-2.61

	10488
	1
	0.9104
	QPSK
	16
	-17.84
	-1.73

	10532
	1
	0.9142
	QPSK
	16
	-18.05
	-1.94


Table 6: Performance of QPSK, 4 Transmissions, PA3 Channel 

	TBS
	MaxTx
	Code Rate
	Modulation
	T2TP
	Ecp_tot/No (dB)
	Ec/No (dB)

	8772
	1
	0.7615
	QPSK
	12
	-14.2889
	-2.02319

	8913
	1
	0.7737
	QPSK
	12
	-14.1654
	-1.89965

	9108
	1
	0.7906
	QPSK
	14
	-15.976
	-1.8065

	10488
	1
	0.9104
	QPSK
	16
	-16.793
	-0.68523

	10532
	1
	0.9142
	QPSK
	16
	-16.9025
	-0.79476


Table 7: Performance of 16QAM, 1 Transmission, AWGN Channel 

	TBS
	Max TX
	Code Rate
	Modulation
	T2TP
	Ecp_tot/No (dB)
	Ec/No (dB)

	16471
	1
	0.7148
	16QAM
	10
	0.76
	11.174

	17173
	1
	0.7453
	16QAM
	10
	1.274
	11.688

	17802
	1
	0.7726
	16QAM
	10
	3.295
	13.709

	17898
	1
	0.7768
	16QAM
	10
	5.875
	16.289

	17904
	1
	0.7770
	16QAM
	12
	3.696
	15.962

	18252
	1
	0.7921
	16QAM
	10
	2.16
	12.574

	18667
	1
	0.8102
	16QAM
	12
	0.518
	12.784

	19260
	1
	0.8359
	16QAM
	10
	2.865
	13.279

	19462
	1
	0.8447
	16QAM
	10
	2.881
	13.295


Table 8: Performance of 16QAM, 1 Transmission, PA3 Channel 

	TBS
	Max TX
	Code Rate
	Modulation
	T2TP
	Ecp_tot/No (dB)
	Ec/No (dB)

	16471
	1
	0.7148
	16QAM
	10
	4.361
	14.77578

	17173
	1
	0.7453
	16QAM
	10
	4.779
	15.19384

	17802
	1
	0.7726
	16QAM
	10
	11.336
	21.750

	17898
	1
	0.7768
	16QAM
	
	
	Not Converge

	17904
	1
	0.7770
	16QAM
	10
	16.585
	26.999

	18252
	1
	0.7921
	16QAM
	12
	4.459
	16.725

	18667
	1
	0.8102
	16QAM
	10
	7.220
	17.634

	19260
	1
	0.8359
	16QAM
	12
	6.561
	18.827

	19462
	1
	0.8447
	16QAM
	12
	7.144
	19.410
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Figure 1: Ec/No vs Code Rate
3
Discussion
We have observed some irregularities in the link-level simulation for some E-TFCIs identified in [2]. The degradations are summarized below:

· For QPSK modulation
· E-TFCI 120 in Table 0 (TBS=8913): 
· 1TX/AWGN: 2.49 dB
· 1TX/PA3: 3.30 dB
· 4TX/AWGN: No degradation
· 4TX/PA3: No degradation
· E-TFCI 115 in Table 1 (TBS=10488): 
· 1TX/AWGN: 1.35 dB
· 1TX/PA3: 2.12 dB
· 4TX/AWGN: No degradation
· 4TX/PA3: No degradation
· For 16QAM modulatio
· E-TFCI 121 in Table 2a (TBS=17904): 
· 1TX/AWGN: 3.64 dB
· 1TX/PA3: 10.87 dB
· E-TFCI 101 in Table 2b (TBS=17802):
· 1TX/AWGN: 1.47 dB
· 1TX/PA3: 5.78 dB
· E-TFCI 102 in Table 2b (TBS=17898): 
· 1TX/AWGN: 3.97 dB
· 1TX/AWGN: Not Converge
· E-TFCI 103 in Table 2b (TBS=18252): No degradation
· E-TFCI 101 in Table 2b (TBS=19260): No degradation
· The degradation for QPSK modulation is generally smaller than 16QAM modulation. For QPSK with max 4 HARQ transmissions, no degradation has been observed. For 16QAM modulation, only three E-TFCIs identified in [2] show degradation. 
4
Conclusions
Based on these observations, we suggest reducing the range of restrictions proposed in [2]:

· Rel-6 UEs can still use E-TFCI Table 0 and Table 1 since the degradation is small and disappears in multiple HARQ transmissions.
· Rel-7 UEs shall not use the following E-TFCIs:
· E-TFCI 121 in Table 2a
· E-TFCI 101 in Table 2b
· E-TFCI 102 in Table 2b
5
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