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1 Introduction
A way forward for HS-DPCCH design with 4C-HSDPA was agreed during RAN1#59bis, which leaves optimizations for special cases FFS:

· HS-DPCCH code design for the case when 4 carriers are configured

· Alternatives presented are:

· 1xSF128

· 2xSF256

· 1xSF256

· Choice between 1xSF128 and 2xSF256 is to be made at next meeting

· For CM studies, optimise for case without DCH; results may also be presented for case with DCH

· FFS whether optimizations are needed/justified for special cases (for instance 3 carriers case)

· FFS if HS-DPCCH transmission can be adapted depending on activation status of downlink carriers to maximise uplink efficiency, including whether Rel-9 format is used in case of only 2 carriers being activated. 

We believe it is necessary to optimize the HS-DPCCH design for 3-carrier HSDPA without MIMO, as this is a very relevant and frequent case for practical UTRAN deployments.  As discussed in [1] ~ [4], it is possible to use only one HS-DPCCH channel for 3C-HSDPA without MIMO configured. 
This document is an updated re-submission of [7] proposing a single channelization code design and presenting performance comparison with other design options. In addition, several options for 3C-HSDPA HARQ-ACK codebook schemes are presented.
2 Discussion
2.1 HS-DPCCH design options for 3C-HSDPA
Several design options for 3C-HSDPA had been discussed in [1]~[4]. They are summarized as follows: 
Scheme 1: Dual channelization code design
· Feedback messages for carrier 1 and carrier 2 are transmitted in HS-DPCCH1, using Rel-8 HS-DPCCH format.

· Feedback messages for carrier 3 are transmitted in HS-DPCCH2, using Rel-5 HS-DPCCH format.
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Figure 1:  Dual channelization code design for 3C, scheme 1
Scheme 2: Single channelization code design
· HARQ-ACK: ACKNACK messages for 3 carriers are combined together with joint encoding.
· CQI: CQI1 and CQI2 are combined together using R8(20,10) RM coding and transmitted time-multiplexed with CQI3.
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Figure 2: Single channelization code design for 3C, scheme 2 
 Scheme 3: Alternative single channelization code design
· HARQ-ACK: ACKNACK messages for 3 carriers are jointly encoded and transmitted together.

· CQI: CQIs for 3 carriers are cross-combined (CQI1 + CQI2, CQI3 + CQI1 and CQI2+CQI3) and transmitted time-multiplexed with each other using R8(20,10) RM coding.
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Figure 3  Single channelization code design for 3C, scheme 3
The schemes mentioned above are all based on  SF256. Schemes using SF128 were also discussed in [1]~[4], but they are not discussed in this paper since those schemes definitely result in huge modifications to current specifications and do not have obvious advantages.
2.2 Analysis of HS-DPCCH design options
2.2.1 ACK/NACK messages
Mapping the 3 ACK/NACKs for the 3 carriers onto a single HS-DPCCH channel can use a joint encoding scheme similar to what is specified for Rel-8 or Rel-9. 
At most 26 codewords (without PRE/POST) are desired for a single channelization code design. The size of the codebook for 3 carriers (26 codewords) is similar to that of DC-MIMO dual-dual case (24 codewords), so the performance of the single channelization code design for 3 carriers would be close to DC-MIMO dual-dual case. 
We assume that the power offset used for 3-carrier ACK/NACKs (single channel design) is the  same as Rel-9, i.e. (△ACK +1) or (△NACK +1). For simplicity, we may also assume △ACK=△NACK.

Table 1 Gain factor required for ACK/NACKs
	
	Rel-5 ACK/NACK
	Rel-7 ~ Rel-9 ACK/NACK

	Power offset signaling value
	△ACK or △NACK 
	△ACK +1 or △NACK +1

	amplitude ratios 
	Ahs
	Ahs’≈ Ahs+1dB (in dB)
Ahs’≈ Ahs*100.1 (in linear value)

	gain factor
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Then the total power required for the dual channelization code design is (hs)2+ (hs’ )2, while the total gain factor required for the single channelization code design is (hs’ )2. The comparison of the total power used for HS-DPCCH of the two schemes shows that,
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The ratio above indicates that the dual channelization code design would require about 2.1dB more power than the single channelization code design. Furthermore, an extra HS-DPCCH channel requires an extra spreading code, and the CM value would also rise according to the former CM study in [5] for Rel-8 Dual-Cell HSDPA. Therefore, there are obvious benefits for using a single channelization code design for 3-carrier ACK/NACKs. 
The joint coding scheme for 3 carriers was analyzed in [3][4], and is further discussed in section 2.3.
2.2.2 CQI feedback
The analysis of the power consumption of CQI transmission is similar to that of ACK/NACK. It is obvious that a single channelization code design for CQI transmission would save uplink power compared to a dual channelization code design. 
Both schemes 2 and 3 reuse the existing coding scheme for CQI. Rel-8 (20, 10) and Rel-5 (20, 5) RM codings are used for scheme 2, while only Rel-8 (20, 10) RM coding is used for scheme 3. 
Each CQI of each carrier can be sent only once per 2 TTI due to the minimum feedback cycle according to scheme 2, whereas they can be sent twice per 3 TTI with scheme 3. Thus, the CQI feedback of scheme 3 is more effective than that of scheme 2 which probably leads to better performance. 
Proposal 1:  Use a single HS-DPCCH channel for 3-carrier HSDPA operation without MIMO configured.

Proposal 2:  Adopt a cross-combined CQI feedback scheme for 3-carrier HSDPA operation without MIMO configured. (Scheme 3 described in section 2.1)
2.3 ACK/NACK codebook design 
ACK/NACK codebook design for 3C was discussed in [3][4].  ACK/NACK codebook design principles are discussed in [3], and codebook options are presented in [4]. All 3 options are excerpted and attached in Annex 5.1. As option 1 cannot cover the codebook of Rel-5 SC or the Rel-8 DC codebook and several small code distances, like 2 or 3, appear (shown in Table 2), option 1 is excluded from the candidate codebook options for 3-carrier HSDPA operation. The error detection performance simulations are shown in Annex 5.3.
The General code distance spectrum of the 3 options in [4] is provided below:

Table 2 General code distance spectrum of options 
	Code distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

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

	Option 2*
	0
	0
	0
	60
	144
	60
	0
	0
	0
	12

	Option 3
	0
	0
	0
	150
	0
	165
	0
	0
	0
	10


Note: Option 2 only uses 24 codewords while the others use 26 codewords. 
We also present codebook schemes with mapping HARQ-ACK signals to codewords, based on option 2 and 3 respectively. The codebook schemes are attached in the Annex Table 10 and 11. Both schemes are designed under the guideline of [3].
Characteristics of option 2:
· Only use the 24 codewords transformed from dual-dual case of Rel-9 DC-MIMO;

· Cover Rel-8 DC codebook; codewords for {A/D/D, N/D/D, D/A/D, D/N/D, A/A/D, A/N/D, N/A/D, N/N/D} are exactly the same as DC codebook.
· Code distance of {A/D/D, N/D/D}, {D/N/D, D/A/D}, {D/D/N, D/D/A} is 10 respectively.
· Code distance spectrum for cases that data is scheduled on two of 3 carriers is optimized.
· N/N/D, D/N/N and N/N/N are mapped to the same codeword b8. There is no ambiguity in any cases except when data is scheduled on all the 3 carriers. In case of codeword b8 being received when data is scheduled on all 3 carriers, NodeB can only optionally translate b8 to one of the codewords {N/N/D, D/N/N, N/N/N}. For example, provided that NodeB translates b8 to N/N/N, the probability of confusing DTX with NACK messages is up to the probability of sending D/N/N and N/N/D. It is approximately calculated as 0.01×0.09×0.09×2 = 1.62×10-4 which is tolerable. 
· The calculation is based on the assumption that the probability of sending ACK, NACK and DTX is about 0.9, 0.09, and 0.01 respectively for each carrier, which had been used for DC-MIMO codebook discussion.
Characteristics of option 3:
· Use 26 codewords with minimum code distance 4;

· Cover Rel-5 SC codebook; codewords for {A/D/D, N/D/D} are exactly the same as SC codebook. However, it can not cover Rel-8 DC codebook.
· Code distance of {A/D/D, N/D/D}, {D/N/D, D/A/D}, {D/D/N, D/D/A} is 10 respectively.

The error detection performance of option 2 is about 0.2 dB better than option 3 which is shown in Figure 4 in Annex 5.3. Based on the analysis above, we prefer option 2 as candidate codebook, since option 2 has better performance. 
Proposal 3:  Adopt HARQ-ACK codebook option 2 as a candidate scheme for 3-carrier HSDPA operation without MIMO configured.
3 Conclusion
3-carrier HSDPA operation without MIMO configured is a very relevant and frequent case for practical UTRAN deployments and we propose to consider optimisations for the HS-DPCCH design in this case. 

We show that the single channelization code design takes advantage of the dual channelization code design. The CQI feedback for single channelization code HS-DPCCH is also discussed. Either design scheme 2 or 3 are feasible, but the CQI feedback of scheme 3  is more effective. HARQ-ACK codebook options and codebooks for the signal to codeword mapping are presented in this paper. The code distance analysis and error detection performance simulations show that codewords of option 2 and 3 are better than option 1. Furthermore, the codebook based on option 2 was shown to have other attractive characteristics. 
According to the discussion above, we make the following proposals
Proposal 1:  Use a single HS-DPCCH channel for 3-carrier HSDPA operation without MIMO configured.

Proposal 2:  Adopt a cross-combined CQI feedback scheme for 3-carrier HSDPA operation without MIMO configured. (Scheme 3 described in section 2.1)
Proposal 3:  Adopt HARQ-ACK codebook option 2 as a candidate scheme for 3-carrier HSDPA operation without MIMO configured.
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5 Annex: ACK/NACK detection performance evaluation
5.1 ACK/NACK codebook options 

The codebook options below are quoted from [4].
· Option 1: Reuse part of codewords for DC-MIMO: 24 codewords for dual-dual case of Rel-9 DC-MIMO with 2 codewords for PRE/POST. No new codewords are introduced. However, the codewords cannot cover the Rel-5 or Rel-8 codewords. 

· Option 2:  Only use the 24 codewords transformed from the 24 codewords for dual-dual case of Rel-9 DC-MIMO, so that the codebook can cover Rel-8 DC codebook. Some signals with low probability can be mapped to a same codeword; e.g. N/N/D and N/N/N can be mapped to a same codeword, and treat N/N/D as N/N/N, The reasons are that 1) the probability of sending a N/N/D signal may be very small (near to 0.01%), and 2) there is only confusion of ‘DTX’ message and ‘NACK’ message, no RLC or extra PHY retransmission would be triggered. Furthermore, the performance of decoding HARQ-ACK may be better due to decreasing the size of codebook and maximize the minimum code distance.

· Option 3: Use 26 codewords with minimum code distance 4. New codewords should be studied. But it should cover the Rel-5 SC codewords or Rel-8 DC codewords.

Codebook of Option 1 can be obtained from codebook of Rel-9 DC-MIMO.
Table 3  Codewords Table quoted from TS25.212-910 section 4.7.3B.1
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Codewords highlighted with yellow color in Table 3 are selected for 3C-HSDPA HARQ-ACK.
The selected codewords are renamed and reordered in Table 4.

Table 4  Codewords of option 1

	a1
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	　
	a14
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0

	a2
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1
	
	a15
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0

	a3
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	
	a16
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1

	a4
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	
	a17
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1

	a5
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	
	a18
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1

	a6
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	
	a19
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0

	a7
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	
	a20
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0

	a8
	0
	1
	0
	0
	0
	0
	1
	1
	0
	1
	
	a21
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1

	a9
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	
	a22
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1

	a10
	1
	1
	1
	1
	1
	0
	0
	1
	0
	0
	
	a23
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0

	a11
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1
	
	a24
	0
	0
	0
	1
	1
	0
	0
	1
	0
	1

	a12
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	
	a25
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	a13
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0
	
	a26
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


Codewords of option 2 and option 3 are presented in Table 5 and Table 6 respectively.
Table 5  Codewords of option 2
	b1
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	　
	b13
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	b2
	0 
	0 
	1 
	1 
	0 
	0 
	1 
	1 
	0 
	0 
	
	b14
	1 
	1 
	0 
	0 
	1 
	1 
	0 
	0 
	1 
	1 

	b3
	1 
	1 
	0 
	0 
	0 
	1 
	1 
	0 
	0 
	0 
	
	b15
	0 
	0 
	1 
	1 
	1 
	0 
	0 
	1 
	1 
	1 

	b4
	1 
	0 
	0 
	1 
	0 
	0 
	0 
	0 
	1 
	1 
	
	b16
	0 
	1 
	1 
	0 
	1 
	1 
	1 
	1 
	0 
	0 

	b5
	0 
	1 
	0 
	0 
	1 
	0 
	0 
	1 
	1 
	0 
	
	b17
	1 
	0 
	1 
	1 
	0 
	1 
	1 
	0 
	0 
	1 

	b6
	0 
	0 
	1 
	0 
	1 
	1 
	0 
	0 
	0 
	1 
	
	b18
	1 
	1 
	0 
	1 
	0 
	0 
	1 
	1 
	1 
	0 

	b7
	1 
	1 
	1 
	1 
	1 
	0 
	0 
	0 
	0 
	0 
	
	b19
	0 
	0 
	0 
	0 
	0 
	1 
	1 
	1 
	1 
	1 

	b8
	0 
	1 
	0 
	1 
	0 
	1 
	0 
	1 
	0 
	1 
	
	b20
	1 
	0 
	1 
	0 
	1 
	0 
	1 
	0 
	1 
	0 

	b9
	0 
	1 
	1 
	0 
	0 
	0 
	1 
	0 
	1 
	1 
	
	b21
	1 
	0 
	0 
	1 
	1 
	1 
	0 
	1 
	0 
	0 

	b10
	1 
	0 
	1 
	0 
	0 
	1 
	0 
	1 
	1 
	0 
	
	b22
	0 
	1 
	0 
	1 
	1 
	0 
	1 
	0 
	0 
	1 

	b11
	0 
	0 
	0 
	1 
	1 
	1 
	1 
	0 
	1 
	0 
	
	b23
	1 
	1 
	1 
	0 
	0 
	0 
	0 
	1 
	0 
	1 

	b12
	1 
	0 
	0 
	0 
	1 
	0 
	1 
	1 
	0 
	1 
	
	b24
	0 
	1 
	1 
	1 
	0 
	1 
	0 
	0 
	1 
	0 


Table 6  Codewords of option 3
	c1
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0
	　
	c14
	0
	0
	1
	0
	1
	1
	1
	1
	1
	0

	c2
	0
	0
	1
	1
	1
	0
	0
	0
	0
	1
	
	c15
	1
	1
	1
	0
	1
	0
	0
	0
	0
	0

	c3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	c16
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1

	c4
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0
	
	c17
	0
	1
	1
	1
	0
	1
	0
	1
	0
	1

	c5
	1
	1
	1
	1
	0
	0
	0
	1
	1
	0
	
	c18
	1
	1
	0
	0
	0
	1
	1
	1
	1
	0

	c6
	1
	1
	1
	0
	0
	1
	1
	0
	0
	1
	
	c19
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	c7
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	
	c20
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1

	c8
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	
	c21
	0
	0
	0
	0
	1
	1
	1
	0
	0
	1

	c9
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1
	
	c22
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0

	c10
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0
	
	c23
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0

	c11
	0
	1
	0
	1
	0
	1
	1
	0
	0
	0
	
	c24
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	c12
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	
	c25
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0

	c13
	1
	0
	0
	1
	1
	1
	0
	1
	0
	1
	
	c26
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1


5.2 Code distance spectrum 

Table 7 Code distance spectrum of each codeword, option 1,
	Code distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	a1, a2, a3, a4
	0
	0
	0
	5
	12
	7
	0
	0
	0
	1

	a5,a6
	0
	1
	0
	6
	12
	5
	0
	0
	0
	1

	a7, a9, a19, a21
	0
	0
	0
	5
	14
	5
	0
	0
	0
	1

	a8, a10, a11, a12, a20, a22, a23, a24
	0
	0
	1
	5
	12
	5
	1
	0
	0
	1

	a13, a14, a15, a16
	0
	0
	0
	7
	12
	5
	0
	0
	0
	1

	a17, a18
	0
	0
	0
	5
	12
	6
	0
	1
	0
	1

	a25, a26
	0
	1
	4
	5
	4
	6
	4
	1
	0
	0


Table 8 Code distance spectrum of each codeword, option 2,
	Code distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	b1~b24
	0
	0
	0
	5
	12
	5
	0
	0
	0
	1


Table 9 Code distance spectrum of each codeword, option 3,
	Code distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	c1~c10,c17~c26
	0
	0
	0
	12
	0
	12
	0
	0
	0
	1

	c11~c16
	0
	0
	0
	10
	0
	15
	0
	0
	0
	0


5.3 Simulation results

A simple model that 
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 is used for the simulation, where n is random value with standard normal distribution, i.e. n ~ N(0, 1), and h is fading factor. And the signal received is decided by Maximum Likelihood method. 
Each codeword is sent 106 times and the received sequence is determined from the codebook.
The SNR in Figure 4 is calculated as 
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This model is simple and effective without the influence of receiver characteristic, e.g. searcher, channel estimation and etc., so that we can focus on the performance of codebook. 

[image: image10.png]SNR




Figure 4: Codebook performance – error probability given that no DTX detection is used
It shows that error detection performance of codewords of option 2 and 3 are better, and performance of several codewords of option 1 such as {a5, a6, a25, a26} is about 1dB worse than the others.
The simulation results coincide with the code distance spectrum analysis in section 5.2.

5.4 Codebooks with mapping HARQ-ACK signals to codewords 
We present 2 codebooks with mapping HARQ-ACK signals to codewords. They are showed in Table 10 and 11.
Table 10 Codebook with mapping based on option 2
	A/D/D
	b1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D/D
	b13
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	D/A/D
	b7
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	D/N/D
	b19
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1

	D/D/A
	b15
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1

	D/D/N
	b3
	1
	1
	0
	0
	0
	1
	1
	0
	0
	0

	A/A/D
	b20
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	A/N/D
	b14
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	N/A/D
	b2
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	N/N/D
	b8
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	A/D/A
	b21
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0

	A/D/N
	b22
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1

	N/D/A
	b23
	1
	1
	1
	0
	0
	0
	0
	1
	0
	1

	N/D/N
	b24
	0
	1
	1
	1
	0
	1
	0
	0
	1
	0

	D/A/A
	b10
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0

	D/A/N
	b11
	0
	0
	0
	1
	1
	1
	1
	0
	1
	0

	D/N/A
	b9
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1

	D/N/N
	b8
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	A/A/A
	b12
	1
	0
	0
	0
	1
	0
	1
	1
	0
	1

	A/A/N
	b18
	1
	1
	0
	1
	0
	0
	1
	1
	1
	0

	A/N/A
	b17
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1

	A/N/N
	b4
	1
	0
	0
	1
	0
	0
	0
	0
	1
	1

	N/A/A
	b16
	0
	1
	1
	0
	1
	1
	1
	1
	0
	0

	N/A/N
	b5
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0

	N/N/A
	b6
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1

	N/N/N
	b8
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1


Note: N/N/D, D/N/N and N/N/N are mapped to the same codeword b8, i.e. they are treated as one signal.
Table 11 Codebook with mapping based on option 3

	A/D/D
	c3
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D/D
	c19
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	D/A/D
	c24
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	D/N/D
	c8
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	D/D/A
	c1
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0

	D/D/N
	c17
	0
	1
	1
	1
	0
	1
	0
	1
	0
	1

	A/A/D
	c22
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0

	A/N/D
	c4
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0

	N/A/D
	c25
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0

	N/N/D
	c23
	1
	1
	0
	1
	1
	0
	1
	1
	0
	0

	A/D/A
	c26
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1

	A/D/N
	c12
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1

	N/D/A
	c20
	0
	1
	0
	1
	1
	0
	1
	0
	1
	1

	N/D/N
	c2
	0
	0
	1
	1
	1
	0
	0
	0
	0
	1

	D/A/A
	c7
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1

	D/A/N
	c10
	0
	1
	1
	1
	1
	1
	0
	0
	1
	0

	D/N/A
	c14
	0
	0
	1
	0
	1
	1
	1
	1
	1
	0

	D/N/N
	c6
	1
	1
	1
	0
	0
	1
	1
	0
	0
	1

	A/A/A
	c13
	1
	0
	0
	1
	1
	1
	0
	1
	0
	1

	A/A/N
	c5
	1
	1
	1
	1
	0
	0
	0
	1
	1
	0

	A/N/A
	c9
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1

	A/N/N
	c15
	1
	1
	1
	0
	1
	0
	0
	0
	0
	0

	N/A/A
	c11
	0
	1
	0
	1
	0
	1
	1
	0
	0
	0

	N/A/N
	c16
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1

	N/N/A
	c21
	0
	0
	0
	0
	1
	1
	1
	0
	0
	1

	N/N/N
	c18
	1
	1
	0
	0
	0
	1
	1
	1
	1
	0
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