3GPP TSG RAN WG1 Meeting #57
R1-092218
San Francisco, USA

4th – 8th May, 2009

Agenda Item:
7
Source:
Huawei
Title:
Discuss on PRE/POST and Codebook Design for DC-MIMO
Document for:
Discussion and Decision
1 Introduction 
In RAN1#56bis, agreements on HS-DPCCH were made in [1]. It was agreed that only one HS-DPCCH is desired for DC-MIMO (DC-HSDPA with MIMO). However the codebook design for HARQ-ACK is still open. 
Three schemes of varying degree of backwards compatibility were described in [3]. Here the codebooks submitted in [3] are updated to further improve performance. Two new schemes, 1b and 2b, are used to generate codebooks in this contribution. Scheme 1b is derived from scheme 1 in [3], and scheme 2b is derived from scheme 2 and scheme 3 in [3]. The main characteristics of the schemes are not changed.

· Scheme 1b is similar to scheme 1 in that: (a) codebook of DC with single streams on both carriers are reused; and (b) SC-MIMO codebook is reused;
· Scheme 2b is similar to scheme 2 in that: SC-MIMO codebook is reused;
The updates are to improve the code performance if PRE/POST are included. Two designs of PRE/POST codewords are provided as part of the codebook design.
The new schemes outperform the former scheme 1 and scheme 2 in [3], respectively. It is proposed that either scheme 1b or scheme 2b be adopted for DC-MIMO.
2 Analysis on PRE/POST
Some company suggested that the PRE/POST should be taken into account for the codebook design [2].  The analysis below shows that PRE/POST signal may not need to be treated as importantly as the ACK/NACK signals. 
2.1 The operation of PRE/POST 
The operation of PRE/POST is shown in the following.
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Figure 1 The operation of PRE/POST when N_acknack_transmit=1
The purpose of using PRE/POST is that the NodeB do not have to distinguish ACK/NACKs from DTX after a PRE and before a POST, but to detect PRE/POST instead of DTX.
2.2 The probability of HS-SCCH miss detection in DC
Consider that NodeB sends HS-SCCHs in subframe N on both the primary and secondary serving cells. Denote the probability of missing an HS-SCCH from one serving cell as Phm , which is about 1%. The UE sends a DTX (or PRE/POST) only when it misses both HS-SCCHs. Hence, P(DTX or PRE or POST，DC)(Phm2=1×10-4. Given that the probability of sending DTX on both serving cells is capped at 10-4, the probability of false alarm (i.e., detecting DTX/DTX as any other signal) is also capped by 1×10-4. In other words, P(DTX/DTX to others, DC) ≤1×10-4.
On the other hand, recall that the upper limit on false alarm in SC is 1%, i.e., the probability of detecting DTX as ACK at NodeB when a DTX is sent at UE is ≤1%. Considering that the probability of detecting DTX as NACK at NodeB is also less than or equal to 1%, P(DTX to others, SC) ≤1% ×Phm×2=2×10-4.
Based on the analysis above, P(DTX/DTX to others, DC) < P(DTX to others, SC) by virtue of rarity of DTX/DTX alone. Thus  the level of 1×10-4 false alarm for DC can be tolerated even if NodeB does not detect DTX/DTX when data blocks are scheduled on both cells. Consequently it is not necessary to use PRE/POST when scheduling data blocks on both cells in DC mode. This has direct impact on the codebook design.

· Not considering PRE/POST when scheduling data blocks on both cells relaxes the design constraint of the codebooks, thus allowing better design for the codebook to minimize the pair-wise error probability of ACK/NACK. Note that even though PRE/POST in this scenario is not a design constraint and thus not necessarily optimized, the PRE/POST codeword can still be used when scheduling data blocks on both cells.  

· In contrast, if the codebook has to be optimized considering PRE/POST for data blocks scheduled on both cells, using PRE/POST may decrease false alarm for (DTX/DTX to others, DC),  but at the price of increasing the pair-wise error probability of the ACK/NACKs. This compromise is not desirable.
Considering the factors above, the designs in this contribution opt to optimizing the codebook without considering PRE/POST when scheduling data blocks on both cells. 

On the other hand, there may be a case that NodeB only schedule data blocks on one cell in DC mode. The probability of sending DTX/PRE/POST on one cell is Phm=1%, the same as in SC mode. PRE/POST may be useful in this case.

In summary, with  PRE/POST, the design focus on the SX*, DX*, XS*, XD* codewords. 
3 Codebook design for DC-MIMO
3.1 Codebooks
In this section the two new schemes are presented. 
Scheme 1b isderived from HW1, and has the desired properties of maximum backwards compatibility and robustness. The PRE/POST can use the legacy codewords, however new PRE/POST codewords are designed for better performance.
Scheme 2b is derived from scheme 1b and HW3, maintains the backwards compatibility with SC-MIMO, have better performance than HW2, and only has a little degradation compared with HW3. The PRE/POST can use the legacy codewords if the compatibility is desired. On the other hand, new PRE/POST codewords are designed as well for better performance.
The codewords for Scheme 1b - 2b are listed below in Tables 1-2, respectively. 
Table 1 Codewords for Scheme 1b
	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
	0
	0
	0
	1
	0
	0
	0
	1
	1
	
	DD1
	AA/AA
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1

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

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

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

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

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

	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
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1

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

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

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

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

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

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

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

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

	Legacy PRE/POST

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	
	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0

	New PRE/POST

	PRE
	0
	0
	1
	1
	0
	0
	0
	1
	1
	1
	
	POST
	1
	1
	0
	0
	1
	1
	1
	0
	0
	0


Table 2 Codewords for Scheme 2b
	SX1
	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	DS1
	AA/A
	0
	1
	1
	0
	0
	0
	0
	1
	0
	0

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

	Legacy PRE/POST

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	
	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0

	New PRE/POST

	PRE
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0
	
	POST
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0


3.2 Code Distance Spectrum Comparison 
In this section, a code distance analysis is performed for the following HS-DPCCH (A/N) coding schemes:

· Huawei Codebooks 1, 2, and 3 as proposed in [3]
· Huawei Codebooks 1b, 2b as proposed in this paper
· Qualcomm Codebooks 1, 2, and 3 as proposed in [4]
· Ericsson Codebooks 1, and 2 as proposed in [2]

Tables 14 through 17 list the pairwise code distance spectrum of each of the proposed code books. 
Table 1: Code Distance Spectrum Analysis for Single-Single

	
	Code Distance Spectrum

	Distance
	4
	5
	6
	7
	8
	9
	10

	HW1
	4
	16
	4
	0
	0
	0
	4

	HW2
	4
	12
	10
	0
	0
	0
	2

	HW3
	2
	16
	8
	0
	0
	0
	2

	HW1b
	4
	16
	4
	0
	0
	0
	4

	HW2b
	2
	16
	8
	0
	0
	0
	2

	QC1
	4
	16
	4
	0
	0
	0
	4

	QC2
	4
	12
	10
	0
	0
	0
	2

	QC3
	2
	16
	8
	0
	0
	0
	2

	EC1
	0
	16
	8
	0
	4
	0
	0

	EC2
	4
	16
	4
	0
	0
	0
	4


Table 2: Code Distance Spectrum Analysis for Single-Dual

	　
	Code Distance Spectrum 

	Distance
	4
	5
	6
	7
	8
	9
	10

	HW1
	12
	48
	27
	0
	0
	0
	4

	HW2
	12
	48
	27
	0
	0
	0
	4

	HW3
	10
	48
	31
	0
	0
	0
	2

	HW1b
	12
	48
	27
	0
	0
	0
	4

	HW2b
	12
	48
	27
	0
	0
	0
	4

	QC1
	12
	48
	27
	0
	0
	0
	4

	QC2
	12
	48
	27
	0
	0
	0
	4

	QC3
	10
	48
	31
	0
	0
	0
	2

	EC1
	40
	18
	18
	6
	9
	0
	0

	EC2
	36
	24
	18
	0
	12
	0
	1


Table 3: Code Distance Spectrum Analysis for Dual-Single
	
	Code Distance Spectrum

	Distance
	4
	5
	6
	7
	8
	9
	10

	HW1
	12
	48
	27
	0
	0
	0
	4

	HW2
	12
	48
	27
	0
	0
	0
	4

	HW3
	10
	48
	31
	0
	0
	0
	2

	HW1b
	12
	48
	27
	0
	0
	0
	4

	HW2b
	10
	48
	31
	0
	0
	0
	2

	QC1
	12
	48
	27
	0
	0
	0
	4

	QC2
	12
	48
	27
	0
	0
	0
	4

	QC3
	10
	48
	31
	0
	0
	0
	2

	EC1
	38
	18
	19
	6
	10
	0
	0

	EC2
	43
	0
	36
	0
	11
	0
	1


Table 4: Code Distance Spectrum Analysis for Dual-Dual
	
	Code Distance Spectrum

	Distance
	4
	5
	6
	7
	8
	9
	10

	HW1
	60
	144
	60
	0
	0
	0
	12

	HW2
	60
	144
	60
	0
	0
	0
	12

	HW3
	60
	144
	60
	0
	0
	0
	12

	HW1b
	60
	144
	60
	0
	0
	0
	12

	HW2b
	60
	144
	60
	0
	0
	0
	12

	QC1
	60
	144
	60
	0
	0
	0
	12

	QC2
	60
	144
	60
	0
	0
	0
	12

	QC3
	60
	144
	60
	0
	0
	0
	12

	EC1
	150
	0
	88
	0
	38
	0
	0

	EC2
	147
	0
	94
	0
	35
	0
	0


Conclusions:
· Comparing schemes with maximum compatibility, i.e. HW1, HW1b, QC1 and EC2.  They are exactly the same in Single-Single mode; HW1, HW1b and QC1 match each other, and may be better than EC2 due to fewer minimum distance 4 pairs than the other 3 mode.

· Comparing schemes with partial compatibility, i.e. HW2, HW2b and QC2. HW2b is the best in Single-Single mode and Dual-Single mode. They match each other in the other mode.
· Comparing schemes without considering compatibility, i.e. HW3, QC3 and EC1. EC1 outperforms the others only in Single-Single mode, but suffers in the other modes. HW3 and QC3 match each other.

3.3 The Coefficient Spectrum of RLC retransmission 
The description of how to obtain the coefficient spectrum of RLC retransmission is in [3].
	Table 5: Coefficent Spectrum Analysis of RLC retransmission for Single-Single

　
	a4
	a5
	a6
	a7
	a8
	a9
	a10
	aFA

	HW1
	0.0099
	0.33561
	0.10989
	0
	0
	0
	0.198
	0.0006

	HW2
	0.00396
	0.13959
	0.50787
	0
	0
	0
	0.00198
	0.0006

	HW3
	0.00198
	0.23958
	0.40986
	0
	0
	0
	0.00198
	0.0006

	HW1b
	0.0099
	0.33561
	0.10989
	0
	0
	0
	0.198
	0.0006

	HW2b
	0.00198
	0.23958
	0.40986
	0
	0
	0
	0.00198
	0.0006

	QC1
	0.0099
	0.33561
	0.10989
	0
	0
	0
	0.198
	0.0006

	QC2
	0.00396
	0.13959
	0.50787
	0
	0
	0
	0.00198
	0.0006

	QC3
	0.00198
	0.23958
	0.40986
	0
	0
	0
	0.00198
	0.0006

	EC1
	0
	0.23958
	0.21582
	0
	0.198
	0
	0
	0.0006

	EC2
	0.0099
	0.33561
	0.10989
	0
	0
	0
	0.198
	0.0006


	Table 6: Coefficent Spectrum Analysis of RLC retransmission for Single-Dual
　
	a4
	a5
	a6
	a7
	a8
	a9
	a10
	aFA

	HW1
	0.078804
	0.96921
	0.606276
	0
	0
	0
	0.19701
	0.0017

	HW2
	0.078804
	0.96921
	0.606276
	0
	0
	0
	0.19701
	0.0017

	HW3
	0.0088704
	0.7480341
	1.0914453
	0
	0
	0
	0.0029502
	0.0017

	HW1b
	0.055044
	0.96921
	0.630036
	0
	0
	0
	0.19701
	0.0017

	HW2b
	0.055044
	0.96921
	0.630036
	0
	0
	0
	0.19701
	0.0017

	QC1
	0.078804
	0.96921
	0.606276
	0
	0
	0
	0.19701
	0.0017

	QC2
	0.078804
	0.96921
	0.606276
	0
	0
	0
	0.19701
	0.0017

	QC3
	0.0088704
	0.7480341
	1.0914453
	0
	0
	0
	0.0029502
	0.0017

	EC1
	0.8314119
	0.20592
	0.4745763
	0.02475
	0.3146418
	0
	0
	0.0017

	EC2
	0.7953363
	0.23067
	0.3091968
	0
	0.5151069
	0
	0.00099
	0.0017


Table 7: Coefficent Spectrum Analysis of RLC retransmission for Dual-Single
	
	a4
	a5
	a6
	a7
	a8
	a9
	a10
	aFA

	HW1
	0.055044
	0.96921
	0.630036
	0
	0
	0
	0.19701
	0.0017

	HW2
	0.055044
	0.96921
	0.630036
	0
	0
	0
	0.19701
	0.0017

	HW3
	0.0147807
	0.8811
	0.9524691
	0
	0
	0
	0.0029502
	0.0017

	HW1b
	0.055044
	0.96921
	0.630036
	0
	0
	0
	0.19701
	0.0017

	HW2b
	0.0147807
	0.8811
	0.9524691
	0
	0
	0
	0.0029502
	0.0017

	QC1
	0.055044
	0.96921
	0.630036
	0
	0
	0
	0.19701
	0.0017

	QC2
	0.055044
	0.96921
	0.630036
	0
	0
	0
	0.19701
	0.0017

	QC3
	0.0147807
	0.8811
	0.9524691
	0
	0
	0
	0.0029502
	0.0017

	EC1
	0.9641313
	0.1980891
	0.3426687
	0.0325809
	0.31383
	0
	0
	0.0017

	EC2
	0.9716454
	0
	0.4544496
	0
	0.424215
	0
	0.00099
	0.0017


Table 8: Coefficent Spectrum Analysis of RLC retransmission for Dual-Dual
	　
	a4
	a5
	a6
	a7
	a8
	a9
	a10
	aFA

	HW1
	0.2351765
	2.3212728
	1.400058
	0
	0
	0
	0.3994927
	0.004

	HW2
	0.2351765
	2.3212728
	1.400058
	0
	0
	0
	0.3994927
	0.004

	HW3
	0.2351765
	2.3212728
	1.400058
	0
	0
	0
	0.3994927
	0.004

	HW1b
	0.2351765
	2.3212728
	1.400058
	0
	0
	0
	0.3994927
	0.004

	HW2b
	0.2351765
	2.3212728
	1.400058
	0
	0
	0
	0.3994927
	0.004

	QC1
	0.2351765
	2.3212728
	1.400058
	0
	0
	0
	0.3994927
	0.004

	QC2
	0.2351765
	2.3212728
	1.400058
	0
	0
	0
	0.3994927
	0.004

	QC3
	0.2351765
	2.3212728
	1.400058
	0
	0
	0
	0.3994927
	0.004

	EC1
	2.4817825
	0
	1.1159211
	0
	0.7582964
	0
	0
	0.004

	EC2
	1.9001813
	0
	1.520541
	0
	0.9352777
	0
	0
	0.004


Conclusions:

· Comparing schemes with maximum compatibility, i.e. HW1, HW1b, QC1 and EC2,  they are exactly the same in Single-Single mode; HW1b is the best of all in Single-Dual mode; HW1, HW1b and QC1 match with each other, and are better than EC2 in the other 2 mode due to less number of a4.

· Comparing schemes with partial compatibility, i.e. HW2, HW2b and QC2, HW2b is the best in Single-Single, Single-Dual and Dual-Single mode. They match each other in Dual-Dual mode.

· Comparing schemes without considering compatibility, i.e. HW3, QC3 and EC1, EC1 outperforms the others only in Single-Single mode, but suffers in the other modes. HW3 and QC3 match each other.

3.4 PRE/POST Property 
In this section we analyse the distance property of legacy PRE/POST and new PRE/POST. We only consider those joint signals of SX*, DX*, XD*, XS*.
	Table 9: the distance property of legacy PRE/POST with SX*, DX*, XS*, XD* signals

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

	HW1
	PRE
	7
	3
	6
	6
	6
	6
	6
	4
	7
	3
	3
	7

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

	HW2
	PRE
	7
	3
	6
	6
	6
	6
	6
	4
	7
	3
	3
	7

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

	HW3
	PRE
	7
	3
	4
	2
	4
	8
	5
	5
	5
	5
	5
	3

	
	POST
	7
	3
	6
	6
	6
	4
	5
	5
	5
	7
	1
	5

	HW1b
	PRE
	7
	3
	6
	6
	6
	6
	6
	4
	5
	7
	5
	7

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

	HW2b
	PRE
	7
	3
	6
	6
	6
	6
	5
	5
	5
	7
	5
	7

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

	QC1
	PRE
	7
	3
	6
	6
	6
	6
	6
	4
	7
	5
	5
	7

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

	QC2
	PRE
	7
	3
	6
	6
	6
	6
	6
	4
	5
	7
	7
	5

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

	QC3
	PRE
	7
	3
	4
	2
	6
	6
	5
	5
	5
	7
	3
	3

	
	POST
	7
	3
	6
	6
	2
	8
	5
	5
	5
	3
	5
	5

	EC1
	PRE
	5
	5
	4
	4
	8
	6
	5
	5
	8
	6
	4
	4

	
	POST
	5
	5
	4
	4
	4
	4
	5
	5
	4
	4
	8
	6

	EC2
	PRE
	7
	3
	6
	6
	6
	6
	6
	4
	4
	4
	6
	8

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


Table 10: the distance property of New PRE/POST with SX*, DX*, XS*, XD* signals
	　
	　
	A/D
	N/D
	AA/D
	AN/D
	NA/D
	NN/D
	D/A
	D/N
	D/AA
	D/AN
	D/NA
	D/NN

	HW1b
	PRE
	5
	5
	6
	4
	4
	6
	6
	4
	5
	5
	5
	5

	
	POST
	5
	5
	4
	6
	6
	4
	4
	6
	5
	5
	5
	5

	HW2b
	PRE
	6
	4
	7
	5
	5
	7
	6
	4
	6
	6
	6
	6

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


Note that in the HW1b and HW2b design, special attention is paid to the allocation of the codewords to the signals in order to provide better protection to ACK signals and relatively frequent signals. In particular, for both HW1b and HW2b, Table 9 shows that distance 3 only happens for two cases:

1. Between N/D and PRE/POST; Considering that misinterpretation of N/D is less disruptive, it is proper to provide better protection to other signals.

2. Between (D/AN, D/NN) and POST; Considering that POST is used less frequently than PRE, it is proper to provide better protection to POST than PRE;
Conclusions:

· Comparing schemes with maximum compatibility, i.e. HW1, HW1b, QC1 and EC2,  EC2 is the best due to fewer distance 3 pairs. HW1b may be better than HW1 and QC1 due to fewer distance 3 or the position of distance 3 pairs.

· Comparing schemes with partial compatibility, i.e. HW2, HW2b and QC2, HW2b may be better than the others due to fewer distance 3 or the position of distance 3 pairs.

· Comparing schemes without considering compatibility, i.e. HW3, QC3 and EC1, EC1 outperforms the others due to the larger minimum distance. QC3 may be better than HW3.

· With new PRE/POST codewords, the performance of HW1b and HW2b is improved compared to legacy PRE/POST codewords.

4 Conclusions
In summary, the analysis shows that:

· Either HW1b or HW2b should be adopted; HW1b has better compatibility property, but slightly inferior performance.
· Either legacy PRE/POST or the new PRE/POST can be used; The legacy codewords causes a small performance penalty.

Other suggestions that may be considered later are:
Proposal 1: The UE do not use PRE/POST when the UE detects 2 HS-SCCHs or more in the future. 

Proposal 2: If HW2b is adopted, replacing Rel-8 DC codewords with codewords of HW2b Single-Single could be considered, as it has better performance than the legacy codewords.
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