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1 Introduction 
In RAN1#55bis, the HS-DPCCH design options were discussed for the case DC-HSDPA with MIMO in [1]. Agreements were achieved in RAN1#56bis in [2]. It was agreed that only one HS-DPCCH is desired for DC-MIMO (DC-HSDPA with MIMO).  The performance, compatibility and robustness should be considered for A/N codebook design.

In this paper, we discuss 3 schemes for HARQ-ACK in DC-MIMO. In scheme 1, all the old codebooks (including DC codebook and SC-MIMO codebook) are reused. In scheme 2, the SC-MIMO codebook is reused. In scheme 3, code performance is optimized by searching for codes with the best distance properties without considering reusing any codebooks. 
Among the three schemes, scheme 1 has the desired properties of maximum backwards compatibility and robustness. Due to the design constraints, scheme 1 suffers a small performance degradation compared with scheme 3 (0-0.5 dB in AWGN channel). On the other hand, scheme 2 maintains the backwards compatibility with SC-MIMO with less performance degradation from scheme 3.  It is proposed that the codebook of either scheme 1 or scheme 2 be adopted for DC-MIMO.
2 Distance Spectrum Comparison

The code distance spectrum of [4] (R1-091599) and [5] (R1-091603) are compared to the 3 schemes proposed in this contribution, as shown in the tables below. In the comparisons below, the codebooks are considered without the codewords for PRE and POST. Comparing the minimum distance 4 in the tables, Scheme 1-3 have fewer distance 4 codeword pairs than [4] and [5] for all scenarios. Based on the superior distance spectrums of Scheme 1-3, it is expected that the Scheme 1-3 would outperform the codebooks in [4] and [5].
 

	Code distance spectrum of all code words，Single-Single

	Distance
	3
	4
	5
	6
	7
	8
	10

	R1-091603
	0
	13
	0
	10
	0
	5
	0

	R1-091599
	0
	6
	12
	6
	0
	1
	3

	Scheme 1
	0
	4
	16
	4
	0
	0
	4

	Scheme 2
	0
	4
	12
	10
	0
	0
	2

	Scheme 3
	0
	2
	16
	8
	0
	0
	2


 

	Code distance spectrum of all code words，Single-Dual

	Distance
	3
	4
	5
	6
	7
	8
	10

	R1-091603
	0
	51
	0
	25
	0
	15
	0

	R1-091599
	0
	49
	0
	28
	0
	13
	1

	Scheme 1
	0
	12
	48
	27
	0
	0
	4

	Scheme 2
	0
	12
	48
	27
	0
	0
	4

	Scheme 3
	0
	10
	48
	31
	0
	0
	2


 

 

	Code distance spectrum of all code words，Dual-Single

	Distance
	3
	4
	5
	6
	7
	8
	10

	R1-091603
	0
	48
	0
	28
	0
	15
	0

	R1-091599
	0
	52
	0
	24
	0
	15
	0

	Scheme1
	0
	12
	48
	27
	0
	0
	4

	Scheme 2
	0
	12
	48
	27
	0
	0
	4

	Scheme 3
	0
	10
	48
	31
	0
	0
	2


 

 

	Code distance spectrum of all code words，Dual-Dual

	Distance
	3
	4
	5
	6
	7
	8
	10

	R1-091603
	0
	153
	0
	83
	0
	40
	0

	R1-091599
	0
	165
	0
	64
	0
	47
	0

	Scheme 1
	0
	60
	144
	60
	0
	0
	12

	Scheme 2
	0
	60
	144
	60
	0
	0
	12

	Scheme 3
	0
	60
	144
	60
	0
	0
	12


 

3 HARQ-ACK Coding Schemes
There are 3 cases for the NodeB transport data blocks on each carrier with MIMO configured. They are Dual stream mode (i.e., two transport blocks are scheduled), Single stream mode (i.e., a single transport block is scheduled), and DTX mode (i.e., no transport block is scheduled). Thus there are 9 combinations of the NodeB transport data blocks on 2 carriers (or cells) with MIMO. 
More specifically, the 9 combinations are listed as follows: DTX-DTX, Single-DTX, DTX-Single, Dual-DTX, DTX-Dual, Single-Single, Single-Dual, Dual-Single, and Dual-Dual. The expression ‘Single-Dual’ denotes that ‘Single stream mode on primary serving cell and Dual mode on secondary serving cell’. The same convention applies to all. Except for the DTX-DTX case, there are 2, 2, 4, 4, 8, 14, 14, 24 code words without PRE and POST required for the other 8 cases, respectively. All codewords for the 9 combinations are labeled in Table 1. Since no signal is transmitted for DTX-DTX, no codeword is defined for it, as indicated by the “*” in Table 1.
The 9 combinations are not independent. They are subject to the following:

· All cases include ‘DTX’ signal;

· Single-DTX= Single-Single∩Single-Dual；In other words, the codewords for Single-DTX is reused for both (a) Single-Single where secondary serving cell schedules single stream and is in DTX mode, and (b) Single-Dual where secondary serving cell schedules dual streams and is in DTX mode; These codewords are highlighted with red in Table 1 (i.e., SX1, SX2);
· DTX-Single=Single-Single∩Dual-Single；These reused codewords are highlighted with magenta in Table 1 (i.e., XS1, XS2);
· Dual-DTX=Dual-Single∩Dual-Dual；These reused codewords are highlighted with green in Table 1 (i.e., DX1, DX2, DX3, DX4); 
· DTX-Dual= Single-Dual∩Dual-Dual; These reused codewords are highlighted with blue in Table 1 (i.e., XD1, XD2, XD3, XD4);
Table 1 Signals of cases
	Secondary 
Primary 
	Single 
	Single

/Dual
	Dual

	
	ACK
	NACK
	DTX
	ACK_ACK
	ACK_NACK
	NACK_ACK
	NACK_NACK

	Single
	ACK
	SS1
	SS2
	SX1
	SD1
	SD2
	SD3
	SD4

	
	NACK
	SS3
	SS4
	SX2
	SD5
	SD6
	SD7
	SD8

	Single/Dual
	DTX
	XS1
	XS2
	*
	XD1
	XD2
	XD3
	XD4

	Dual
	ACK_ACK
	DS1
	DS2
	DX1
	DD1
	DD2
	DD3
	DD4

	
	ACK_NACK
	DS3
	DS4
	DX2
	DD5
	DD6
	DD7
	DD8

	
	NACK_ACK
	DS5
	DS6
	DX3
	DD9
	DD10
	DD11
	DD12

	
	NACK_NACK
	DS7
	DS8
	DX4
	DD13
	DD14
	DD15
	DD16


The convention for the codeword labels in Table 1 is as follows. ‘S’ denotes ‘Single’, ‘D’ denotes ‘Dual’, and ‘X’ denotes ‘DTX’ in Table 1. In combination:
SS* : signals in Single-Single mode;

SD* : signals in Single-Dual mode;

DS* : signals in Dual-Single mode;

DD* : signals in Dual-Dual mode;

XS* : signals in DTX-Single mode, and also belong to both Single-Single mode and Dual-Single mode;

XD* : signals in DTX-Dual mode, and also belong to both Single-Dual mode and Dual-Dual mode;

SX* : signals in Single-DTX mode, and also belong to both Single-Single mode and Single-Dual mode;

DX* : signals in Dual-DTX mode, and also belong to both Dual-Single mode and Dual-Dual mode;

The A/N codebook should consider the following, based on the conclusions of RAN WG1 Meeting #56bis:
· Performance (e.g. codeword distance properties, error detection probability, misdetection probability, RLC retransmission probability)

· Compatibility/reuse of old codebooks

· Robustness when feature is being completely or partly (de)activated
One of the advantages of compatibility is that UE and NodeB do not have to change codebook when SC, DC, SC-MIMO or DC-MIMO mode is reconfigured.
Robustness is important when the secondary serving cell is being completely or partly (de)activated but the UE missed the configuration signal.  If the UE and NodeB do not have the same understanding of the (de)activation status of the secondary serving cell, and the DC-MIMO codebook is not compatible with the SC-MIMO codebook, the ACK/NACK signals are impossible to be detected correctly. Hence, it is strongly recommended that the SX* and DX* code words be reused for code words of  SC-MIMO. Thus if the secondary serving cell is deactivated, but the UE missed the configuration and interpreted it as DC-MIMO with secondary serving cell in DTX mode, the ACK/NACK signal from the primary serving cell will be detected correctly.
For the codebooks laid out in Table 1, 3 schemes are used to generate the codebooks for DC-MIMO HARQ-ACK. 
Scheme 1: reuse all the old codewords for compatibility and robustness. Specifically, (a) codebook of DC with single streams on both carriers are reused for the 3(3 codewords in the upper left  corner of Table 1; and (b) SC-MIMO codebook is reused for SX* and DX* codewords. The minimun code distance of code book for Single-Single, Single-Dual, Dual-Single, Dual-Dual mode is 4 without PRE or POST, and specific mapping between joint signals and code words is designed to reduce the probability of  DTX or NACK detected as ACK, which would trigger RLC retransmission at NodeB
Scheme 2: modify the 4 signals of SS* in Single-Single mode based on scheme 1 to get better performance. Still, Scheme 2 reuses old codebooks of SC-MIMO for SX* and DX*.
Scheme 3: The codebooks are designed to achieve the best performance. And only 24 different code words is needed.
The codewords labeled in Table 1 did not include the PRE and POST signals. If PRE/POST is desired, new code words, instead of legacy codewords, are proposed to be adopted for PRE and POST for better error detection performance.  
The codewords for Scheme 1 – 3 are listed below in Tables 2-4, respectively. 
Table 2 Code words for Scheme 1
	SX1
	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	DS1
	AA/A
	0
	0
	0
	0
	1
	1
	0
	0
	1
	0

	SX2
	N/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	DS2
	AA/N
	0
	1
	0
	1
	1
	1
	1
	1
	0
	0

	DX1
	AA/D
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	
	DS3
	AN/A
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0

	DX2
	AN/D
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	
	DS4
	AN/N
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0

	DX3
	NA/D
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	
	DS5
	NA/A
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1

	DX4
	NN/D
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	
	DS6
	NA/N
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	XS1
	D/A
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	
	DS7
	NN/A
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0

	XS2
	D/N
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	
	DS8
	NN/N
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1

	XD1
	D/AA
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	
	DD1
	AA/AA
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0

	XD2
	D/AN
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	
	DD2
	AA/AN
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1

	XD3
	D/NA
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1
	
	DD3
	AA/NA
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1

	XD4
	D/NN
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	
	DD4
	AA/NN
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1

	SS1
	A/A
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	
	DD5
	AN/AA
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1

	SS2
	A/N
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	
	DD6
	AN/AN
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0

	SS3
	N/A
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	
	DD7
	AN/NA
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0

	SS4
	N/N
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	
	DD8
	AN/NN
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1

	SD1
	A/AA
	0
	0
	0
	1
	1
	0
	1
	0
	1
	0
	
	DD9
	NA/AA
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0

	SD2
	A/AN
	1
	0
	1
	0
	1
	0
	1
	0
	0
	1
	
	DD10
	NA/AN
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0

	SD3
	A/NA
	1
	1
	0
	1
	0
	0
	0
	0
	1
	1
	
	DD11
	NA/NA
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	SD4
	A/NN
	1
	0
	0
	0
	1
	1
	0
	1
	1
	1
	
	DD12
	NA/NN
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0

	SD5
	N/AA
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	
	DD13
	NN/AA
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0

	SD6
	N/AN
	0
	0
	1
	0
	1
	1
	1
	1
	0
	0
	
	DD14
	NN/AN
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0

	SD7
	N/NA
	0
	1
	0
	1
	0
	1
	0
	1
	1
	0
	
	DD15
	NN/NA
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0

	SD8
	N/NN
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	
	DD16
	NN/NN
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1


Table 3 Code words for Scheme 2
	SX1
	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	DS1
	AA/A
	0
	0
	0
	0
	1
	1
	0
	0
	1
	0

	SX2
	N/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	DS2
	AA/N
	0
	1
	0
	1
	1
	1
	1
	1
	0
	0

	DX1
	AA/D
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	
	DS3
	AN/A
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0

	DX2
	AN/D
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	
	DS4
	AN/N
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0

	DX3
	NA/D
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	
	DS5
	NA/A
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1

	DX4
	NN/D
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	
	DS6
	NA/N
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	XS1
	D/A
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	
	DS7
	NN/A
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0

	XS2
	D/N
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	
	DS8
	NN/N
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1

	XD1
	D/AA
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	
	DD1
	AA/AA
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0

	XD2
	D/AN
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	
	DD2
	AA/AN
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1

	XD3
	D/NA
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1
	
	DD3
	AA/NA
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1

	XD4
	D/NN
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	
	DD4
	AA/NN
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1

	SS1
	A/A
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	
	DD5
	AN/AA
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1

	SS2
	A/N
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1
	
	DD6
	AN/AN
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0

	SS3
	N/A
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0
	
	DD7
	AN/NA
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0

	SS4
	N/N
	0
	0
	0
	1
	1
	1
	1
	0
	1
	0
	
	DD8
	AN/NN
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1

	SD1
	A/AA
	0
	0
	0
	1
	1
	0
	1
	0
	1
	0
	
	DD9
	NA/AA
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0

	SD2
	A/AN
	1
	0
	1
	0
	1
	0
	1
	0
	0
	1
	
	DD10
	NA/AN
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0

	SD3
	A/NA
	1
	1
	0
	1
	0
	0
	0
	0
	1
	1
	
	DD11
	NA/NA
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	SD4
	A/NN
	1
	0
	0
	0
	1
	1
	0
	1
	1
	1
	
	DD12
	NA/NN
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0

	SD5
	N/AA
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	
	DD13
	NN/AA
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0

	SD6
	N/AN
	0
	0
	1
	0
	1
	1
	1
	1
	0
	0
	
	DD14
	NN/AN
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0

	SD7
	N/NA
	0
	1
	0
	1
	0
	1
	0
	1
	1
	0
	
	DD15
	NN/NA
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0

	SD8
	N/NN
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	
	DD16
	NN/NN
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1


Table 4 Code words for Scheme 3
	SX1
	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	　
	DS1
	AA/A
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	SX2
	N/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	DS2
	AA/N
	1
	0
	0
	1
	0
	0
	0
	0
	1
	1

	DX1
	AA/D
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1
	
	DS3
	AN/A
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	DX2
	AN/D
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0
	
	DS4
	AN/N
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0

	DX3
	NA/D
	0
	0
	0
	1
	1
	1
	1
	0
	1
	0
	
	DS5
	NA/A
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0

	DX4
	NN/D
	1
	0
	0
	0
	1
	0
	1
	1
	0
	1
	
	DS6
	NA/N
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1

	XS1
	D/A
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	
	DS7
	NN/A
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	XS2
	D/N
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	
	DS8
	NN/N
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	XD1
	D/AA
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0
	
	DD1
	AA/AA
	0
	1
	1
	1
	0
	1
	0
	0
	1
	0

	XD2
	D/AN
	1
	0
	0
	1
	0
	0
	0
	0
	1
	1
	
	DD2
	AA/AN
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1

	XD3
	D/NA
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0
	
	DD3
	AA/NA
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	XD4
	D/NN
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1
	
	DD4
	AA/NN
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1

	SS1
	A/A
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	
	DD5
	AN/AA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	SS2
	A/N
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	
	DD6
	AN/AN
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1

	SS3
	N/A
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1
	
	DD7
	AN/NA
	1
	1
	1
	0
	0
	0
	0
	1
	0
	1

	SS4
	N/N
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0
	
	DD8
	AN/NN
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	SD1
	A/AA
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	
	DD9
	NA/AA
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	SD2
	A/AN
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	
	DD10
	NA/AN
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1

	SD3
	A/NA
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1
	
	DD11
	NA/NA
	0
	1
	1
	0
	1
	1
	1
	1
	0
	0

	SD4
	A/NN
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	
	DD12
	NA/NN
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	SD5
	N/AA
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0
	
	DD13
	NN/AA
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0

	SD6
	N/AN
	0
	0
	0
	1
	1
	1
	1
	0
	1
	0
	
	DD14
	NN/AN
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	SD7
	N/NA
	1
	0
	0
	0
	1
	0
	1
	1
	0
	1
	
	DD15
	NN/NA
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	SD8
	N/NN
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1
	
	DD16
	NN/NN
	1
	1
	0
	1
	0
	0
	1
	1
	1
	0


4 Conclusions
The code performance of Scheme 1-3 are further analyzed in Annex B. Overall, the Schemes have different levels of compromise in terms of performance/compability/robustness.  The properties of the Schemes are:
1. Scheme 1 reuses all old codebooks. It is expected to work well when the secondary serving cell is completely or partly (de)activated, or the configuration changes from DC with MIMO to DC without MIMO. 
2. Scheme 2 reuses old codebooks of SC-MIMO. It is expected to work well when the secondary serving cell is completely or partly (de)activated. 

3. Scheme 3 is designed for best performance without being constrained to reuse the codebooks. 
The performance study shows that:
4. The miss detection performance of schemes is nearly the same in each case.
5. The error detection and RLC retransmission performance of Scheme 3 is the best of all. Scheme 2 is slightly better than Scheme 1. 

Proposal: Considering both robustness/compatibility properties and performance, either Scheme 1 or Scheme 2 should be adopted for DC-MIMO. 
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6 Annex  A. Code Distances for Schemes 1-3
The distance distribution of Scheme 1 is presented in Table 5-8; The distance distribution of Scheme 2 is presented in Table 9-12; The distance distribution of Scheme 1 is presented in Table 13-16.
Table 5  Code distance in Single-Single mode of Scheme 1 
	
	A/D
	N/D
	D/A
	D/N
	A/A
	A/N
	N/A
	N/N

	A/D
	0
	10
	5
	5
	5
	4
	6
	5

	N/D
	10
	0
	5
	5
	5
	6
	4
	5

	D/A
	5
	5
	0
	10
	4
	5
	5
	6

	D/N
	5
	5
	10
	0
	6
	5
	5
	4

	A/A
	5
	5
	4
	6
	0
	5
	5
	10

	A/N
	4
	6
	5
	5
	5
	0
	10
	5

	N/A
	6
	4
	5
	5
	5
	10
	0
	5

	N/N
	5
	5
	6
	4
	10
	5
	5
	0


Table 6  Code distance in Single-Dual mode of Scheme 1
	
	A/D
	N/D
	D/AA
	D/AN
	D/NA
	D/NN
	A/AA
	A/AN
	A/NA
	A/NN
	N/AA
	N/AN
	N/NA
	N/NN

	A/D
	0
	10
	4
	4
	6
	6
	6
	5
	5
	4
	5
	5
	5
	5

	N/D
	10
	0
	6
	6
	4
	4
	4
	5
	5
	6
	5
	5
	5
	5

	D/AA
	4
	6
	0
	6
	6
	6
	6
	5
	5
	6
	5
	5
	5
	5

	D/AN
	4
	6
	6
	0
	6
	6
	6
	5
	5
	6
	5
	5
	5
	5

	D/NA
	6
	4
	6
	6
	0
	6
	6
	5
	5
	6
	5
	5
	5
	5

	D/NN
	6
	4
	6
	6
	6
	0
	6
	5
	5
	6
	5
	5
	5
	5

	A/AA
	6
	4
	6
	6
	6
	6
	0
	5
	5
	6
	5
	5
	5
	5

	A/AN
	5
	5
	5
	5
	5
	5
	5
	0
	6
	5
	6
	4
	10
	4

	A/NA
	5
	5
	5
	5
	5
	5
	5
	6
	0
	5
	6
	10
	4
	4

	A/NN
	4
	6
	6
	6
	6
	6
	6
	5
	5
	0
	5
	5
	5
	5

	N/AA
	5
	5
	5
	5
	5
	5
	5
	6
	6
	5
	0
	4
	4
	10

	N/AN
	5
	5
	5
	5
	5
	5
	5
	4
	10
	5
	4
	0
	6
	6

	N/NA
	5
	5
	5
	5
	5
	5
	5
	10
	4
	5
	4
	6
	0
	6

	N/NN
	5
	5
	5
	5
	5
	5
	5
	4
	4
	5
	10
	6
	6
	0


Table 7  Code distance in Dual-Single mode of Scheme 1 
	
	D/A
	D/N
	AA/D
	AN/D
	NA/D
	NN/D
	AA/A
	AA/N
	AN/A
	AN/N
	NA/A
	NA/N
	NN/A
	NN/N

	D/A
	0
	10
	6
	6
	4
	4
	6
	5
	5
	5
	5
	5
	4
	5

	D/N
	10
	0
	4
	4
	6
	6
	4
	5
	5
	5
	5
	5
	6
	5

	AA/D
	6
	4
	0
	6
	6
	6
	6
	5
	5
	5
	5
	5
	6
	5

	AN/D
	6
	4
	6
	0
	6
	6
	6
	5
	5
	5
	5
	5
	6
	5

	NA/D
	4
	6
	6
	6
	0
	6
	6
	5
	5
	5
	5
	5
	6
	5

	NN/D
	4
	6
	6
	6
	6
	0
	6
	5
	5
	5
	5
	5
	6
	5

	AA/A
	6
	4
	6
	6
	6
	6
	0
	5
	5
	5
	5
	5
	6
	5

	AA/N
	5
	5
	5
	5
	5
	5
	5
	0
	6
	4
	6
	4
	5
	10

	AN/A
	5
	5
	5
	5
	5
	5
	5
	6
	0
	4
	6
	10
	5
	4

	AN/N
	5
	5
	5
	5
	5
	5
	5
	4
	4
	0
	10
	6
	5
	6

	NA/A
	5
	5
	5
	5
	5
	5
	5
	6
	6
	10
	0
	4
	5
	4

	NA/N
	5
	5
	5
	5
	5
	5
	5
	4
	10
	6
	4
	0
	5
	6

	NN/A
	4
	6
	6
	6
	6
	6
	6
	5
	5
	5
	5
	5
	0
	5

	NN/N
	5
	5
	5
	5
	5
	5
	5
	10
	4
	6
	4
	6
	5
	0


Table 8  Code distance in Dual-Dual mode of Scheme 1 
	
	AA/D
	AN/D
	NA/D
	NN/D
	D/AA
	D/AN
	D/NA
	D/NN
	AA/AA
	AA/AN
	AA/NA
	AA/NN
	AN/AA
	AN/AN
	AN/NA
	AN/NN
	NA/AA
	NA/AN
	NA/NA
	NA/NN
	NN/AA
	NN/AN
	NN/NA
	NN/NN

	AA/D
	0
	6
	6
	6
	5
	5
	5
	5
	5
	4
	4
	5
	5
	5
	4
	5
	5
	4
	5
	5
	10
	6
	6
	4

	AN/D
	6
	0
	6
	6
	5
	5
	5
	5
	5
	4
	4
	5
	5
	5
	4
	5
	5
	10
	5
	5
	4
	6
	6
	4

	NA/D
	6
	6
	0
	6
	5
	5
	5
	5
	5
	4
	4
	5
	5
	5
	10
	5
	5
	4
	5
	5
	4
	6
	6
	4

	NN/D
	6
	6
	6
	0
	5
	5
	5
	5
	5
	4
	4
	5
	5
	5
	4
	5
	5
	4
	5
	5
	4
	6
	6
	10

	D/AA
	5
	5
	5
	5
	0
	6
	6
	6
	4
	5
	5
	10
	4
	4
	5
	6
	4
	5
	4
	6
	5
	5
	5
	5

	D/AN
	5
	5
	5
	5
	6
	0
	6
	6
	4
	5
	5
	4
	4
	4
	5
	6
	4
	5
	10
	6
	5
	5
	5
	5

	D/NA
	5
	5
	5
	5
	6
	6
	0
	6
	4
	5
	5
	4
	4
	10
	5
	6
	4
	5
	4
	6
	5
	5
	5
	5

	D/NN
	5
	5
	5
	5
	6
	6
	6
	0
	10
	5
	5
	4
	4
	4
	5
	6
	4
	5
	4
	6
	5
	5
	5
	5

	AA/AA
	5
	5
	5
	5
	4
	4
	4
	10
	0
	5
	5
	6
	6
	6
	5
	4
	6
	5
	6
	4
	5
	5
	5
	5

	AA/AN
	4
	4
	4
	4
	5
	5
	5
	5
	5
	0
	6
	5
	5
	5
	6
	5
	5
	6
	5
	5
	6
	4
	10
	6

	AA/NA
	4
	4
	4
	4
	5
	5
	5
	5
	5
	6
	0
	5
	5
	5
	6
	5
	5
	6
	5
	5
	6
	10
	4
	6

	AA/NN
	5
	5
	5
	5
	10
	4
	4
	4
	6
	5
	5
	0
	6
	6
	5
	4
	6
	5
	6
	4
	5
	5
	5
	5

	AN/AA
	5
	5
	5
	5
	4
	4
	4
	4
	6
	5
	5
	6
	0
	6
	5
	4
	6
	5
	6
	10
	5
	5
	5
	5

	AN/AN
	5
	5
	5
	5
	4
	4
	10
	4
	6
	5
	5
	6
	6
	0
	5
	4
	6
	5
	6
	4
	5
	5
	5
	5

	AN/NA
	4
	4
	10
	4
	5
	5
	5
	5
	5
	6
	6
	5
	5
	5
	0
	5
	5
	6
	5
	5
	6
	4
	4
	6

	AN/NN
	5
	5
	5
	5
	6
	6
	6
	6
	4
	5
	5
	4
	4
	4
	5
	0
	10
	5
	4
	6
	5
	5
	5
	5

	NA/AA
	5
	5
	5
	5
	4
	4
	4
	4
	6
	5
	5
	6
	6
	6
	5
	10
	0
	5
	6
	4
	5
	5
	5
	5

	NA/AN
	4
	10
	4
	4
	5
	5
	5
	5
	5
	6
	6
	5
	5
	5
	6
	5
	5
	0
	5
	5
	6
	4
	4
	6

	NA/NA
	5
	5
	5
	5
	4
	10
	4
	4
	6
	5
	5
	6
	6
	6
	5
	4
	6
	5
	0
	4
	5
	5
	5
	5

	NA/NN
	5
	5
	5
	5
	6
	6
	6
	6
	4
	5
	5
	4
	10
	4
	5
	6
	4
	5
	4
	0
	5
	5
	5
	5

	NN/AA
	10
	4
	4
	4
	5
	5
	5
	5
	5
	6
	6
	5
	5
	5
	6
	5
	5
	6
	5
	5
	0
	4
	4
	6

	NN/AN
	6
	6
	6
	6
	5
	5
	5
	5
	5
	4
	10
	5
	5
	5
	4
	5
	5
	4
	5
	5
	4
	0
	6
	4

	NN/NA
	6
	6
	6
	6
	5
	5
	5
	5
	5
	10
	4
	5
	5
	5
	4
	5
	5
	4
	5
	5
	4
	6
	0
	4

	NN/NN
	4
	4
	4
	10
	5
	5
	5
	5
	5
	6
	6
	5
	5
	5
	6
	5
	5
	6
	5
	5
	6
	4
	4
	0


Table 9  Code distance in Single-Single mode of Scheme 2 
	
	A/D
	N/D
	D/A
	D/N
	A/A
	A/N
	N/A
	N/N

	A/D
	0
	10
	5
	5
	5
	5
	5
	5

	N/D
	10
	0
	5
	5
	5
	5
	5
	5

	D/A
	5
	5
	0
	10
	6
	6
	6
	6

	D/N
	5
	5
	10
	0
	4
	4
	4
	4

	A/A
	5
	5
	6
	4
	0
	6
	6
	6

	A/N
	5
	5
	6
	4
	6
	0
	6
	6

	N/A
	5
	5
	6
	4
	6
	6
	0
	6

	N/N
	5
	5
	6
	4
	6
	6
	6
	0


Table 10  Code distance in Single-Dual mode of Scheme 2 
	
	A/D
	N/D
	D/AA
	D/AN
	D/NA
	D/NN
	A/AA
	A/AN
	A/NA
	A/NN
	N/AA
	N/AN
	N/NA
	N/NN

	A/D
	0
	10
	4
	4
	6
	6
	6
	5
	5
	4
	5
	5
	5
	5

	N/D
	10
	0
	6
	6
	4
	4
	4
	5
	5
	6
	5
	5
	5
	5

	D/AA
	4
	6
	0
	6
	6
	6
	6
	5
	5
	6
	5
	5
	5
	5

	D/AN
	4
	6
	6
	0
	6
	6
	6
	5
	5
	6
	5
	5
	5
	5

	D/NA
	6
	4
	6
	6
	0
	6
	6
	5
	5
	6
	5
	5
	5
	5

	D/NN
	6
	4
	6
	6
	6
	0
	6
	5
	5
	6
	5
	5
	5
	5

	A/AA
	6
	4
	6
	6
	6
	6
	0
	5
	5
	6
	5
	5
	5
	5

	A/AN
	5
	5
	5
	5
	5
	5
	5
	0
	6
	5
	6
	4
	10
	4

	A/NA
	5
	5
	5
	5
	5
	5
	5
	6
	0
	5
	6
	10
	4
	4

	A/NN
	4
	6
	6
	6
	6
	6
	6
	5
	5
	0
	5
	5
	5
	5

	N/AA
	5
	5
	5
	5
	5
	5
	5
	6
	6
	5
	0
	4
	4
	10

	N/AN
	5
	5
	5
	5
	5
	5
	5
	4
	10
	5
	4
	0
	6
	6

	N/NA
	5
	5
	5
	5
	5
	5
	5
	10
	4
	5
	4
	6
	0
	6

	N/NN
	5
	5
	5
	5
	5
	5
	5
	4
	4
	5
	10
	6
	6
	0


Table 11  Code distance in Dual-Single mode of Scheme 2 
	
	D/A
	D/N
	AA/D
	AN/D
	NA/D
	NN/D
	AA/A
	AA/N
	AN/A
	AN/N
	NA/A
	NA/N
	NN/A
	NN/N

	D/A
	0
	10
	6
	6
	4
	4
	6
	5
	5
	5
	5
	5
	4
	5

	D/N
	10
	0
	4
	4
	6
	6
	4
	5
	5
	5
	5
	5
	6
	5

	AA/D
	6
	4
	0
	6
	6
	6
	6
	5
	5
	5
	5
	5
	6
	5

	AN/D
	6
	4
	6
	0
	6
	6
	6
	5
	5
	5
	5
	5
	6
	5

	NA/D
	4
	6
	6
	6
	0
	6
	6
	5
	5
	5
	5
	5
	6
	5

	NN/D
	4
	6
	6
	6
	6
	0
	6
	5
	5
	5
	5
	5
	6
	5

	AA/A
	6
	4
	6
	6
	6
	6
	0
	5
	5
	5
	5
	5
	6
	5

	AA/N
	5
	5
	5
	5
	5
	5
	5
	0
	6
	4
	6
	4
	5
	10

	AN/A
	5
	5
	5
	5
	5
	5
	5
	6
	0
	4
	6
	10
	5
	4

	AN/N
	5
	5
	5
	5
	5
	5
	5
	4
	4
	0
	10
	6
	5
	6

	NA/A
	5
	5
	5
	5
	5
	5
	5
	6
	6
	10
	0
	4
	5
	4

	NA/N
	5
	5
	5
	5
	5
	5
	5
	4
	10
	6
	4
	0
	5
	6

	NN/A
	4
	6
	6
	6
	6
	6
	6
	5
	5
	5
	5
	5
	0
	5

	NN/N
	5
	5
	5
	5
	5
	5
	5
	10
	4
	6
	4
	6
	5
	0


Table 12  Code distance in Dual-Dual mode of Scheme 2 
	
	AA/D
	AN/D
	NA/D
	NN/D
	D/AA
	D/AN
	D/NA
	D/NN
	AA/AA
	AA/AN
	AA/NA
	AA/NN
	AN/AA
	AN/AN
	AN/NA
	AN/NN
	NA/AA
	NA/AN
	NA/NA
	NA/NN
	NN/AA
	NN/AN
	NN/NA
	NN/NN

	AA/D
	0
	6
	6
	6
	5
	5
	5
	5
	5
	4
	4
	5
	5
	5
	4
	5
	5
	4
	5
	5
	10
	6
	6
	4


	AN/D
	6
	0
	6
	6
	5
	5
	5
	5
	5
	4
	4
	5
	5
	5
	4
	5
	5
	10
	5
	5
	4
	6
	6
	4

	NA/D
	6
	6
	0
	6
	5
	5
	5
	5
	5
	4
	4
	5
	5
	5
	10
	5
	5
	4
	5
	5
	4
	6
	6
	4

	NN/D
	6
	6
	6
	0
	5
	5
	5
	5
	5
	4
	4
	5
	5
	5
	4
	5
	5
	4
	5
	5
	4
	6
	6
	10

	D/AA
	5
	5
	5
	5
	0
	6
	6
	6
	4
	5
	5
	10
	4
	4
	5
	6
	4
	5
	4
	6
	5
	5
	5
	5

	D/AN
	5
	5
	5
	5
	6
	0
	6
	6
	4
	5
	5
	4
	4
	4
	5
	6
	4
	5
	10
	6
	5
	5
	5
	5

	D/NA
	5
	5
	5
	5
	6
	6
	0
	6
	4
	5
	5
	4
	4
	10
	5
	6
	4
	5
	4
	6
	5
	5
	5
	5

	D/NN
	5
	5
	5
	5
	6
	6
	6
	0
	10
	5
	5
	4
	4
	4
	5
	6
	4
	5
	4
	6
	5
	5
	5
	5

	AA/AA
	5
	5
	5
	5
	4
	4
	4
	10
	0
	5
	5
	6
	6
	6
	5
	4
	6
	5
	6
	4
	5
	5
	5
	5

	AA/AN
	4
	4
	4
	4
	5
	5
	5
	5
	5
	0
	6
	5
	5
	5
	6
	5
	5
	6
	5
	5
	6
	4
	10
	6

	AA/NA
	4
	4
	4
	4
	5
	5
	5
	5
	5
	6
	0
	5
	5
	5
	6
	5
	5
	6
	5
	5
	6
	10
	4
	6

	AA/NN
	5
	5
	5
	5
	10
	4
	4
	4
	6
	5
	5
	0
	6
	6
	5
	4
	6
	5
	6
	4
	5
	5
	5
	5

	AN/AA
	5
	5
	5
	5
	4
	4
	4
	4
	6
	5
	5
	6
	0
	6
	5
	4
	6
	5
	6
	10
	5
	5
	5
	5

	AN/AN
	5
	5
	5
	5
	4
	4
	10
	4
	6
	5
	5
	6
	6
	0
	5
	4
	6
	5
	6
	4
	5
	5
	5
	5

	AN/NA
	4
	4
	10
	4
	5
	5
	5
	5
	5
	6
	6
	5
	5
	5
	0
	5
	5
	6
	5
	5
	6
	4
	4
	6

	AN/NN
	5
	5
	5
	5
	6
	6
	6
	6
	4
	5
	5
	4
	4
	4
	5
	0
	10
	5
	4
	6
	5
	5
	5
	5

	NA/AA
	5
	5
	5
	5
	4
	4
	4
	4
	6
	5
	5
	6
	6
	6
	5
	10
	0
	5
	6
	4
	5
	5
	5
	5

	NA/AN
	4
	10
	4
	4
	5
	5
	5
	5
	5
	6
	6
	5
	5
	5
	6
	5
	5
	0
	5
	5
	6
	4
	4
	6

	NA/NA
	5
	5
	5
	5
	4
	10
	4
	4
	6
	5
	5
	6
	6
	6
	5
	4
	6
	5
	0
	4
	5
	5
	5
	5

	NA/NN
	5
	5
	5
	5
	6
	6
	6
	6
	4
	5
	5
	4
	10
	4
	5
	6
	4
	5
	4
	0
	5
	5
	5
	5

	NN/AA
	10
	4
	4
	4
	5
	5
	5
	5
	5
	6
	6
	5
	5
	5
	6
	5
	5
	6
	5
	5
	0
	4
	4
	6

	NN/AN
	6
	6
	6
	6
	5
	5
	5
	5
	5
	4
	10
	5
	5
	5
	4
	5
	5
	4
	5
	5
	4
	0
	6
	4

	NN/NA
	6
	6
	6
	6
	5
	5
	5
	5
	5
	10
	4
	5
	5
	5
	4
	5
	5
	4
	5
	5
	4
	6
	0
	4

	NN/NN
	4
	4
	4
	10
	5
	5
	5
	5
	5
	6
	6
	5
	5
	5
	6
	5
	5
	6
	5
	5
	6
	4
	4
	0


Table 13  Code distance in Single-Single mode of Scheme 3 
	
	A/D
	N/D
	D/A
	D/N
	A/A
	A/N
	N/A
	N/N

	A/D
	0
	10
	6
	4
	5
	5
	5
	5

	N/D
	10
	0
	4
	6
	5
	5
	5
	5

	D/A
	6
	4
	0
	10
	5
	5
	5
	5

	D/N
	4
	6
	10
	0
	5
	5
	5
	5

	A/A
	5
	5
	5
	5
	0
	6
	6
	6

	A/N
	5
	5
	5
	5
	6
	0
	6
	6

	N/A
	5
	5
	5
	5
	6
	6
	0
	6

	N/N
	5
	5
	5
	5
	6
	6
	6
	0


Table 14  Code distance in Single-Dual mode of Scheme 3 
	
	A/D
	N/D
	D/AA
	D/AN
	D/NA
	D/NN
	A/AA
	A/AN
	A/NA
	A/NN
	N/AA
	N/AN
	N/NA
	N/NN

	A/D
	0
	10
	6
	6
	6
	6
	5
	5
	5
	6
	5
	5
	5
	4

	N/D
	10
	0
	4
	4
	4
	4
	5
	5
	5
	4
	5
	5
	5
	6

	D/AA
	6
	4
	0
	6
	6
	6
	5
	5
	5
	6
	5
	5
	5
	10

	D/AN
	6
	4
	6
	0
	6
	6
	5
	5
	5
	6
	5
	5
	5
	4

	D/NA
	6
	4
	6
	6
	0
	6
	5
	5
	5
	6
	5
	5
	5
	4

	D/NN
	6
	4
	6
	6
	6
	0
	5
	5
	5
	6
	5
	5
	5
	4

	A/AA
	5
	5
	5
	5
	5
	5
	0
	6
	6
	5
	6
	6
	6
	5

	A/AN
	5
	5
	5
	5
	5
	5
	6
	0
	6
	5
	6
	6
	6
	5

	A/NA
	5
	5
	5
	5
	5
	5
	6
	6
	0
	5
	6
	6
	6
	5

	A/NN
	6
	4
	6
	6
	6
	6
	5
	5
	5
	0
	5
	5
	5
	4

	N/AA
	5
	5
	5
	5
	5
	5
	6
	6
	6
	5
	0
	6
	6
	5

	N/AN
	5
	5
	5
	5
	5
	5
	6
	6
	6
	5
	6
	0
	6
	5

	N/NA
	5
	5
	5
	5
	5
	5
	6
	6
	6
	5
	6
	6
	0
	5

	N/NN
	4
	6
	10
	4
	4
	4
	5
	5
	5
	4
	5
	5
	5
	0


Table 15  Code distance in Dual-Single mode of Scheme 3 
	
	D/A
	D/N
	AA/D
	AN/D
	NA/D
	NN/D
	AA/A
	AA/N
	AN/A
	AN/N
	NA/A
	NA/N
	NN/A
	NN/N

	D/A
	0
	10
	5
	5
	5
	5
	5
	6
	6
	6
	6
	6
	5
	4

	D/N
	10
	0
	5
	5
	5
	5
	5
	4
	4
	4
	4
	4
	5
	6

	AA/D
	5
	5
	0
	6
	6
	6
	6
	5
	5
	5
	5
	5
	6
	5

	AN/D
	5
	5
	6
	0
	6
	6
	6
	5
	5
	5
	5
	5
	6
	5

	NA/D
	5
	5
	6
	6
	0
	6
	6
	5
	5
	5
	5
	5
	6
	5

	NN/D
	5
	5
	6
	6
	6
	0
	6
	5
	5
	5
	5
	5
	6
	5

	AA/A
	5
	5
	6
	6
	6
	6
	0
	5
	5
	5
	5
	5
	6
	5

	AA/N
	6
	4
	5
	5
	5
	5
	5
	0
	6
	6
	6
	6
	5
	4

	AN/A
	6
	4
	5
	5
	5
	5
	5
	6
	0
	6
	6
	6
	5
	10

	AN/N
	6
	4
	5
	5
	5
	5
	5
	6
	6
	0
	6
	6
	5
	4

	NA/A
	6
	4
	5
	5
	5
	5
	5
	6
	6
	6
	0
	6
	5
	4

	NA/N
	6
	4
	5
	5
	5
	5
	5
	6
	6
	6
	6
	0
	5
	4

	NN/A
	5
	5
	6
	6
	6
	6
	6
	5
	5
	5
	5
	5
	0
	5

	NN/N
	4
	6
	5
	5
	5
	5
	5
	4
	10
	4
	4
	4
	5
	0


Table 16  Code distance in Dual-Dual mode of Scheme 3 
	
	AA/D
	AN/D
	NA/D
	NN/D
	D/AA
	D/AN
	D/NA
	D/NN
	AA/AA
	AA/AN
	AA/NA
	AA/NN
	AN/AA
	AN/AN
	AN/NA
	AN/NN
	NA/AA
	NA/AN
	NA/NA
	NA/NN
	NN/AA
	NN/AN
	NN/NA
	NN/NN

	AA/D
	0
	6
	6
	6
	5
	5
	5
	5
	4
	4
	4
	5
	5
	5
	4
	5
	5
	4
	5
	5
	10
	6
	6
	5


	AN/D
	6
	0
	6
	6
	5
	5
	5
	5
	4
	4
	4
	5
	5
	5
	4
	5
	5
	10
	5
	5
	4
	6
	6
	5

	NA/D
	6
	6
	0
	6
	5
	5
	5
	5
	4
	4
	4
	5
	5
	5
	10
	5
	5
	4
	5
	5
	4
	6
	6
	5

	NN/D
	6
	6
	6
	0
	5
	5
	5
	5
	10
	4
	4
	5
	5
	5
	4
	5
	5
	4
	5
	5
	4
	6
	6
	5

	D/AA
	5
	5
	5
	5
	0
	6
	6
	6
	5
	5
	5
	10
	4
	4
	5
	6
	4
	5
	4
	6
	5
	5
	5
	4

	D/AN
	5
	5
	5
	5
	6
	0
	6
	6
	5
	5
	5
	4
	4
	4
	5
	6
	4
	5
	10
	6
	5
	5
	5
	4

	D/NA
	5
	5
	5
	5
	6
	6
	0
	6
	5
	5
	5
	4
	4
	10
	5
	6
	4
	5
	4
	6
	5
	5
	5
	4

	D/NN
	5
	5
	5
	5
	6
	6
	6
	0
	5
	5
	5
	4
	4
	4
	5
	6
	4
	5
	4
	6
	5
	5
	5
	10

	AA/AA
	4
	4
	4
	10
	5
	5
	5
	5
	0
	6
	6
	5
	5
	5
	6
	5
	5
	6
	5
	5
	6
	4
	4
	5

	AA/AN
	4
	4
	4
	4
	5
	5
	5
	5
	6
	0
	6
	5
	5
	5
	6
	5
	5
	6
	5
	5
	6
	4
	10
	5

	AA/NA
	4
	4
	4
	4
	5
	5
	5
	5
	6
	6
	0
	5
	5
	5
	6
	5
	5
	6
	5
	5
	6
	10
	4
	5

	AA/NN
	5
	5
	5
	5
	10
	4
	4
	4
	5
	5
	5
	0
	6
	6
	5
	4
	6
	5
	6
	4
	5
	5
	5
	6

	AN/AA
	5
	5
	5
	5
	4
	4
	4
	4
	5
	5
	5
	6
	0
	6
	5
	4
	6
	5
	6
	10
	5
	5
	5
	6

	AN/AN
	5
	5
	5
	5
	4
	4
	10
	4
	5
	5
	5
	6
	6
	0
	5
	4
	6
	5
	6
	4
	5
	5
	5
	6

	AN/NA
	4
	4
	10
	4
	5
	5
	5
	5
	6
	6
	6
	5
	5
	5
	0
	5
	5
	6
	5
	5
	6
	4
	4
	5

	AN/NN
	5
	5
	5
	5
	6
	6
	6
	6
	5
	5
	5
	4
	4
	4
	5
	0
	10
	5
	4
	6
	5
	5
	5
	4

	NA/AA
	5
	5
	5
	5
	4
	4
	4
	4
	5
	5
	5
	6
	6
	6
	5
	10
	0
	5
	6
	4
	5
	5
	5
	6

	NA/AN
	4
	10
	4
	4
	5
	5
	5
	5
	6
	6
	6
	5
	5
	5
	6
	5
	5
	0
	5
	5
	6
	4
	4
	5

	NA/NA
	5
	5
	5
	5
	4
	10
	4
	4
	5
	5
	5
	6
	6
	6
	5
	4
	6
	5
	0
	4
	5
	5
	5
	6

	NA/NN
	5
	5
	5
	5
	6
	6
	6
	6
	5
	5
	5
	4
	10
	4
	5
	6
	4
	5
	4
	0
	5
	5
	5
	4

	NN/AA
	10
	4
	4
	4
	5
	5
	5
	5
	6
	6
	6
	5
	5
	5
	6
	5
	5
	6
	5
	5
	0
	4
	4
	5

	NN/AN
	6
	6
	6
	6
	5
	5
	5
	5
	4
	4
	10
	5
	5
	5
	4
	5
	5
	4
	5
	5
	4
	0
	6
	5

	NN/NA
	6
	6
	6
	6
	5
	5
	5
	5
	4
	10
	4
	5
	5
	5
	4
	5
	5
	4
	5
	5
	4
	6
	0
	5

	NN/NN
	5
	5
	5
	5
	4
	4
	4
	10
	5
	5
	5
	6
	6
	6
	5
	4
	6
	5
	6
	4
	5
	5
	5
	0


7 Annex  B. Analysis of Code Performance
7.1.1 Miss detection Analysis 
The assumptions of simulation are given in Table 17.

Table 17: Assumption for sending probability of signals at UE 

	Parameter
	Value

	PACK (at UE)
	0.99*0.9

	PNACK (at UE)
	0.99*0.1

	PDTX (at UE)
	0.01

	PACK_ACK (at UE)
	0.99*0.9*0.9

	PACK_NACK (at UE)
	0.99*0.9*0.1

	PNACK_ACK (at UE)
	0.99*0.1*0.9

	PNACK_NACK (at UE)
	0.99*0.1*0.1

	Total PFA  (at NodeB)
	0.01


Note: PFA is the probability of sending DTX and being detected as one of non-DTX signals. Total PFA is the probability of sending DTX and being detected as any non-DTX signal. 

We also provide formulas to evaluate the miss detection probability (denoted as Pm). 
The miss probability of code book: 
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The performance of miss detection probability and error detection probability are given as follows.
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Figure 1 Miss detection in Single-Single mode
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Figure 2 Miss detection in Single-Dual mode
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Figure 3 Miss detection in Dual-Single mode
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Figure 4 Miss detection in Dual-Dual mode



Conclusion:

1. The miss detection performances of the 3 schemes are nearly the same in every mode.

7.1.2 Error detection Analysis 
We also provide formulas to evaluate the error detection probability (denoted as Pe). 
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The error probability of code book: 
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 is the set of signals in some mode (Single-Single, Single-Dual, Dual-Single, or Dual-Dual); U and V is an element of the set; 
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Table 18  The Coefficient Spectrum of Pe without PRE/POST
	
	c4
	c5
	c6
	c10

	Single-Single
	Scheme 1
	1.000 
	4.000 
	1.000 
	1.000 

	
	Scheme 2
	0.984 
	2.039 
	3.956 
	0.020 

	
	Scheme 3
	0.020 
	4.000 
	2.960 
	0.020 

	Single-Dual
	Scheme 1
	1.276 
	6.513 
	4.943 
	0.267 

	
	Scheme 2
	1.276 
	6.513 
	4.943 
	0.267 

	
	Scheme 3
	0.048 
	7.940 
	4.992 
	0.019 

	Dual-Single
	Scheme 1
	1.276 
	6.513 
	4.943 
	0.267 

	
	Scheme 2
	1.276 
	6.513 
	4.943 
	0.267 

	
	Scheme 3
	0.451 
	7.466 
	4.992 
	0.090 

	Dual-Dual
	Scheme 1
	5.000 
	11.999 
	5.000 
	1.000 

	
	Scheme 2
	5.000 
	11.999 
	5.000 
	1.000 

	
	Scheme 3
	5.000 
	11.999 
	5.000 
	1.000 


The performance of miss detection probability and error detection probability are given as follow figures.
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Figure 5 Error detection in Single-Single mode
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Figure 6 Error detection in Single-Dual mode
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Figure 7 Error detection in Dual-Single mode
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Figure 8 Error detection in Dual-Dual mode


Conclusions:

1. Scheme 2 only a little better than Scheme 1 in Single-Single mode, the same as Scheme 1 in other modes.

2. Scheme 3 is about 0.5dB better than Scheme 1 and 2 in Single-Single and Single-Dual mode, 0.1dB better than scheme 1 and 2 in Dual-Single, nearly the same as Scheme 1 and 2 in Dual-Dual mode.

3. Simulation result is consistent with the coefficient spectrum analysis in Table 18.

7.1.3 RLC Retransmission Analysis 

The number of triggering RLC retransmission when sending one signal U can be evaluated as:
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And the number of triggering RLC retransmission when send one transport block in each stream can be evaluated as:
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Notes: 

PFA  denotes the transformation probability of DTX to one of the other non-DTX signals. 
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 denotes the number of triggering RLC retransmission when the NodeB send one transport block in each stream.

ak denotes the coefficient of P (k); k denotes the code distance of signals.

We list the comparison of coefficient spectrum of RLC retransmission in Table 6. And the simulation result is given from Figure 9 - 12.

Table 19:  The Coefficient Spectrum of RLC retransmission with PRE/POST

	
	a4
	a5
	a6
	a10
	aFA

	Single-Single
	Scheme 1
	0.0099
	0.336
	0.110
	0.198
	0.0006

	
	Scheme 2
	0.004 
	0.140 
	0.508 
	0.002 
	0.0006 

	
	Scheme 3
	0.002 
	0.240 
	0.410 
	0.002 
	0.0006 

	Single-Dual
	Scheme 1
	0.079 
	0.969 
	0.606 
	0.197 
	0.002 

	
	Scheme 2
	0.079 
	0.969 
	0.606 
	0.197 
	0.002 

	
	Scheme 3
	0.009 
	0.748 
	1.091 
	0.003 
	0.002 

	Dual-Single
	Scheme 1
	0.055 
	0.969 
	0.630 
	0.197 
	0.002 

	
	Scheme 2
	0.055 
	0.969 
	0.630 
	0.197 
	0.002 

	
	Scheme 3
	0.015 
	0.881 
	0.952 
	0.003 
	0.002 

	Dual-Dual
	Scheme 1
	0.235 
	2.321 
	1.400 
	0.399 
	0.004 

	
	Scheme 2
	0.235 
	2.321 
	1.400 
	0.399 
	0.004 

	
	Scheme 3
	0.235 
	2.321 
	1.400 
	0.399 
	0.004 
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Figure 9 RLC transmission in Single-Single mode
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Figure 10 RLC transmission in Single-Dual mode
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Figure 11 RLC transmission in Dual-Single mode
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Figure 12 RLC transmission in Dual-Dual mode


Conclusions:

1. Scheme 2 is better than Scheme 1 only in Single-Single case. 

2. The RLC retransmission of Scheme 3 is the best of 3 schemes in Single-Dual and Dual-Single cases, and nearly the same in Dual-Dual case. 

3. Simulation result is consistent with code distance analysis.

























_1298879142.unknown

_1301294024.unknown

_1301294393.unknown

_1301894603.unknown

_1301294271.unknown

_1301293161.unknown

_1298793129.unknown

_1298793317.unknown

_1298793427.unknown

_1298823041.unknown

_1298793571.unknown

_1298793422.unknown

_1298793326.unknown

_1298635038.unknown

_1298633860.unknown

_1298633911.unknown

_1298632877.unknown

