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1 Introduction

In RAN1#58, R1-093011 argues that the robustness of codebook should be concerned due to the fact that the minimum distance between some code words and PRE or POST equals zero, and request the RAN1 to re-consider the codebook.
In this paper, we take the correlation into account and annalyse the performance of codeooks in R1-092748.

2 Discussion
2.1 Code distance analysis of Codebooks
2.1.1 Code distance analysis without PRE/POST
The code distance of scheme 1~3 are shown in Annex A, and the code distance of scheme 4~5 can be observed in [6]. We laid out the code distance spectrum here for a general idea of the performances.
Table 1: Code Distance Spectrum Analysis for Single-Single

	
	4
	5
	6
	7
	8
	9
	10

	Scheme 1
	2
	16
	8
	0
	0
	0
	2

	Scheme 2
	2
	16
	8
	0
	0
	0
	2

	Scheme 3
	2
	16
	8
	0
	0
	0
	2

	Scheme 4/ scheme 5
	4
	12
	10
	0
	0
	0
	2


Table 2: Code Distance Spectrum Analysis for Single-Dual

	
	4
	5
	6
	7
	8
	9
	10

	Scheme 1
	12
	48
	27
	0
	0
	0
	4

	Scheme 2
	12
	48
	27
	0
	0
	0
	4

	Scheme 3
	12
	48
	27
	0
	0
	0
	4

	Scheme 4/ scheme 5
	12
	48
	27
	0
	0
	0
	4


Table 3: Code Distance Spectrum Analysis for Dual-Single
	
	4
	5
	6
	7
	8
	9
	10

	Scheme 1
	10
	48
	31
	0
	0
	0
	2

	Scheme 2
	10
	48
	31
	0
	0
	0
	2

	Scheme 3
	14
	49
	24
	0
	0
	0
	4

	Scheme 4/ scheme 5
	12
	48
	27
	0
	0
	0
	4


Table 4: Code Distance Spectrum Analysis for Dual-Dual

	
	4
	5
	6
	7
	8
	9
	10

	Scheme 1
	60
	144
	60
	0
	0
	0
	12

	Scheme 2
	60
	144
	60
	0
	0
	0
	12

	Scheme 3
	50
	120
	51
	0
	0
	0
	10

	Scheme 4/ scheme 5
	60
	144
	60
	0
	0
	0
	12


Note: scheme 3 only use 22 codewords, while the others use 24 codewords.
2.1.2 Code distance analysis with PRE/POST

The code distance property of all schemes in Single-DTX, DTX-Single, Dual-DTX and DTX-Dual cases with PRE/POST are laid out in Table 9 (onely provide the code distance between PRE/POST and signals including DTX.)

Table 5  Code distance between PRE/POST and signals including DTX, Scheme 1~5 
	
	
	Single-DTX
	DTX-Single
	Dual-DTX
	DTX-Dual

	Scheme
	
	A/D
	N/D
	D/A
	D/N
	AA/D
	AN/D
	NA/D
	NN/D
	D/AA
	D/AN
	D/NA
	D/NN

	1
	PRE
	7
	3
	5
	5
	6
	6
	6
	6
	5
	7
	5
	7

	
	POST
	7
	3
	5
	5
	6
	6
	6
	6
	5
	3
	5
	3

	2
	PRE
	7
	3
	5
	5
	6
	6
	6
	6
	5
	5
	5
	5

	
	POST
	7
	3
	5
	5
	6
	6
	6
	6
	5
	5
	5
	5

	3
	PRE
	7
	3
	5
	5
	6
	6
	6
	6
	5
	5
	5
	5

	
	POST
	7
	3
	5
	5
	6
	6
	6
	6
	5
	5
	5
	5

	4
	PRE
	7
	3
	6
	4
	6
	6
	6
	6
	7
	3
	3
	7

	
	POST
	7
	3
	4
	6
	6
	6
	6
	6
	3
	7
	7
	3

	5
	PRE
	7
	3
	6
	4
	6
	6
	6
	6
	5
	7
	7
	5

	
	POST
	7
	3
	4
	6
	6
	6
	6
	6
	5
	3
	3
	5


Table 6: Code Distance Spectrum Analysis for Single-Single

	　
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Scheme 1
	0
	0
	2
	4
	20
	15
	2
	0
	0
	2

	Scheme 2
	0
	0
	2
	4
	20
	15
	2
	0
	0
	2

	Scheme 3
	0
	0
	2
	4
	20
	15
	2
	0
	0
	2

	 scheme 5
	0
	0
	2
	11
	12
	16
	2
	0
	0
	2


Table 7: Code Distance Spectrum Analysis for Single-Dual

	　
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Scheme 1
	0
	0
	6
	18
	52
	34
	6
	0
	0
	4

	Scheme 2
	0
	0
	2
	18
	60
	34
	2
	0
	0
	4

	Scheme 3
	0
	0
	2
	18
	60
	34
	2
	0
	0
	4

	 scheme 5
	0
	0
	6
	18
	52
	34
	6
	0
	0
	4


Table 8: Code Distance Spectrum Analysis for Dual-Single

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Scheme 1
	0
	2
	4
	12
	56
	40
	4
	0
	0
	2

	Scheme 2
	0
	0
	0
	10
	48
	31
	0
	0
	0
	2

	Scheme 3
	0
	0
	0
	20
	63
	33
	0
	0
	0
	4

	 scheme 5
	0
	2
	4
	16
	52
	38
	4
	0
	0
	4


Note: scheme 2 only uses 14 codewords, while the others use 16
Table 9: Code Distance Spectrum Analysis for Dual-Dual

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Scheme 1
	0
	2
	8
	70
	152
	71
	8
	2
	0
	12

	Scheme 2
	0
	0
	0
	60
	144
	60
	0
	0
	0
	12

	Scheme 3
	0
	0
	0
	60
	144
	60
	0
	0
	0
	12

	scheme 5
	0
	2
	8
	70
	152
	71
	8
	2
	0
	12


Note: scheme 2/3 only use 24 codewords, while the others use 26 codewords.

Comparing the number of minimum code distance, it can be observed that,

· Scheme 1 is a little better than scheme 4/5 whenever with or without PRE/POST.

· Scheme 2 =scheme 1 without PRE/POST, scheme 2 is better in DTX-Dual case with PRE/POST, however the Dual-Single and Dual-Dual case is restricted due to some signals reuse the codeword of PRE or POST.
· Scheme 3 have a little loss in Dual-Single case without PRE/POST, but is the best if preamble mode is configured. 
2.2 The impact of correlation of two carriers
2.2.1 Assumptions
We use conditional probability Pc=P(DTX1|DTX2) to describe the correlation of two carriers.

Table 1: Source Model for Link Analysis of HS-DPCCH for DC-HSDPA+MIMO
	Event at UE
	Responding at UE
	Probability

	Miss HS-SCCH per carrier
	DTX
	1%

	HS-PDSCH BLER per stream
	NACK
	9%

	HS-PDSCH success per stream
	ACK
	90%


Table 2: The probability of combination signals

	
	DTX
	Non-DTX

	DTX
	P(DTX2)*Pc
	P(DTX2)*(1-Pc)

	Non-DTX
	P(DTX2)*(1-Pc)
	1-2*P(DTX2)+ P(DTX2)*Pc


2.2.2 Performance without PRE/POST

To evaluate the impact of correlation between carries, take Dual-Single space of scheme 2 as an example,
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Figure 1 average e-PHY retransmission, PFA=10%
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Figure 2 average RLC retransmission, PFA=10%
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Figure 3 average e-PHY retransmission, PFA=100%
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Figure 4 average RLC retransmission, PFA=100%


Observation 

· The correlation has little impact on extra PHY retransmission, but significant impact on RLC retransmission.
· The conclusion applys to all cases.
2.2.3 Performance with PRE/POST

Performance in HARQ-Preamble mode, scheme 2
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Figure 5 scheme2, e-PHY, Preamble mode
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Figure 6 scheme2,RLC, Preamble mode


Note: as the PRE and POST are reused as NN/A and AA/A, the NodeB only detect the codeword as the latter.
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Figure 7 scheme1, e-PHY, Preamble mode
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Figure 8 scheme1,RLC, Preamble mode
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Figure 9 scheme5, e-PHY, Preamble mode
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Figure 10 scheme5,RLC, Preamble mode


Performance loss are observed in schemes above, however it is improved in scheme 3
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Figure 11 scheme3, e-PHY, Preamble mode
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Figure 12 scheme2,RLC, Preamble mode


3 Conclusion
In this document we discussed the impact of correlation between carriers, and conclude that 
· The correlation has little impact on extra PHY retransmission, but significant impact on RLC retransmission.

· Scheme 1 is a little better than scheme 4/5. 

· Scheme 1, 2, 5 have performance loss in Dual-Single case, scheme 3 is the best in preamble mode.

Proposal: use scheme 3 or 1 as a replace of the baseline codebook.
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