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1 Introduction

It was agreed in RAN1#51 meeting to jointly encode CQI and ACK/NAK information on PUCCH with extended cyclic prefix, where the number of ACK/NAK information bits is either 1 or 2. A concept of putting ACK subcoding prior to joint encoding was proposed in [1] and was agreed in RAN1#51bis meeting. The simple repetition was adopted for subcoding in 1-bit ACK/NAK transmission. The cyclic simplex coding [2] was agreed in RAN1#52 meeting as the 2-bit ACK/NAK subcoding solution. However, when these ideas were transferred into the draft of CR to 36.212[3], the change of joint encoder from the original systematic form in [1] to non-systematic (20,A) block code results in the unexpected performance loss and non-functional ACK subcoding. On the other hand, it is RAN1’s intention to use this (20,A) RM code with A varying as the number of CQI bits can take wide range value. This requirement forbids this (20,A) code to be in systematic format that was implicitly assumed in [1] to allow ACK subcode working. 
This contribution provides a solution to this dilemma, that is, to keep using (20,A) RM code with subcoding functionality and to recover the performance by design in [1]. Simulation results are provided to validate the improvement by the proposed solution. All AWGN simulations in this contribution assume one transmission antenna and one receiving antenna.
2 Issues from current technical solution

The current ACK/CQI joint channel coding under extended CP [3] can be translated into following diagram:
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Fig 1 Current ACK/CQI Joint Encoding Scheme
In Fig 1, NACK is the number of ACK/NAK information bits, NCQI is the number of CQI information bits and Nd, which is denoted as AACK in [3], indicates the scale of ACK/NAK subcoding. This coding scheme is found to have at least three issues:

a)  The overall effective generator matrix, whose dimension is (NACK+ NCQI)-by-20, has some columns whose elements are all 0’s. This leads to a waste of transmission power because the all-0 column always generates identical coded symbol carrying no information. In fact, when NCQI is less than 6, most of choices on Nd result in an effective generator matrix with one or more all-0 columns.
b) For quite a few < NACK, NCQI, Nd> combinations, the minimum hamming distances and associated weight distributions of the ACK/NAK and CQI are very similar, which does not offer sufficiently extra error protection to ACK than to CQI. In other words, the functionality of sub-coding is much weaker than that in [1]. 
c) The current coding scheme leaves no hope to handle the DTX situation, because the receiver can not distinguish the following two inputs to (20,A) encoder at transmitter side:
i). ACK/NAK subcoding output is 
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ii). ACK/NAK is DTX, CQI bits are 
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once UE misses the downlink grant and sends a CQI-only PUCCH, no matter how good the received signal quality is, BS could almost get both incorrect CQI and positive ACK from DTX. 

In this contribution, the DTX handling capability is defined as to keep both Prob{ACK|DTX} and CQI BLER low under the DTX condition. It does not mean to distinguish NAK and DTX for extra downlink RV gain.
An examination to the effective generator matrices is summarized in Annex A. It can be seen that the most combinations of < NACK, NCQI, Nd> have at least one of the first two problems listed above. The AWGN channel simulations for the current joint coding scheme are provided in Annex B. Within the simulations, for each pair of < NACK, NCQI>, three values are chosen for Nd: (NACK +1) or (NACK +2) depending on which weight distribution is better, 14- NCQI, and a value in between showing best dominant weight distribution. The simulation results confirm what are observed from Annex A and are outlined below:

a). For almost all the cases, ACK and CQI performances are not differentiated enough to give sufficient extra error protection to ACK/NAK information, so ACK performance is the bottleneck to keep the required PUCCH SIR high. 

b). Increasing Nd normally does not help to improve ACK/NAK performance, instead doing so usually drives both ACK and CQI performance down, because it reduces the minimum hamming distances for both as A= Nd + NCQI increases. In fact, most of testing cases show the preference of moving value of Nd toward NACK, which effectively reduces or even remove the subcoding functionality.

Although exchanging the input orders of CQI and subcoded ACK/NAK could lead to remedies for issues a) and c) mentioned above, it by itself works no better, or even worse than current coding scheme when subcoding functionality is concerned. Therefore, the current joint ACK/CQI channel coding scheme under extended CP needs to be revised. 

3 Proposed joint ACK/CQI channel coding

3.1 Joint ACK/CQI Encoding

The new proposal makes the following assumptions. 
a) There is no big difference between detecting ACK DTX and explicitly receiving NACK NAK’s at eNB, in other words, Prob{NAK|DTX} and Prob{DTX|NAK} are not the concern;  
b) NAK is represented by binary “1”, while ACK is represented by “0”. This is already agreed in [3].

c) UE either successfully decodes the downlink grant or completely failed to do so, which means UE is more likely to miss the grant than to misinterpret the grant such as mistaking NACK=1 and NACK=2 to each other.

d) The value of NCQI used in joint encoding is known at eNB.

With these assumptions, a new joint ACK/CQI channel encoding scheme, namely codeword-puncturing method, is proposed and shown in Fig 2.
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Fig 2 Proposed codeword-puncturing method as the joint ACK/CQI encoding

The codeword-puncturing method in Fig 2 has the same ACK subcoding and (20,A) RM coding as currently defined in [3]. Besides, the proposal introduces followings to Fig 2:

1. ACK/NAK information is passed through a 0-1 converter first, which equivalently encodes ACK as logic ‘1’ and NACK as logic ‘0’.

2. For the bit ordering of input to (20,A) block coding, ACK/NAK bits always follow the CQI bits, that is, if the input bits to (20,A) coding are defined as 
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, ACK/NAK and CQI bits shall be multiplexed in such a way that 
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3. The MUX unit inserts the Nd coded bits from ACK subcoding to the specific Nd positions that are marked as punctured inside (20,A) encoder output, and leaves other non-punctured coded bits unchanged. Nd can be chosen from {1,2,3,4}. The puncturing patterns on the (20,A) encoder output are given in Table 1, where the coded bits indices are defined in Table 5.2.3.3-1 in [3]. 

	Nd
	Indices of punctured coded bits

	1
	7

	2
	7,18

	3
	12,15,18

	4
	12,15,17,18


Table 1 Puncturing pattern in codeword-puncturing method
4. The interleaving function block serves to evenly distribute the subcoded bits within the subframe. The interleaving pattern is not defined in this contribution. In fact, this interleaving step can be removed if its functionality is implemented into (20,A) codes by exchanging columns in generator matrix. If so, the puncturing pattern shall follow the same exchanging mapping. It is worth to note that, if interleaving function is applied to the joint encoding, no matter how it is implemented, the same interleaving pattern shall be applied to the CQI-only transmission in order to maintain the capability of DTX handling. 

The above puncturing pattern for each specific Nd is determined by following procedure:

a. For each A between 1 and 14, find the best weight distribution of (20-Nd,A) code, as well as all qualified puncturing patterns {P(A, Nd)} resulting in that best weight distribution. The comparison of two weight distributions is based upon the error-dominant weight in each weight distribution. 
b. Among the patterns {P(A, Nd)}, find the one that appears for the most of A values and that downgrades weight distributions in minimal if the best weight distribution for certain A can not be maintained by the selected pattern. The resulting pattern is the Nd-puncturing pattern given in Table 1.

So far it is not agreed in RAN1 on how to make eNB and UE synchronized upon the subcoding scale (AACK in [3] or effectively Nd in this contribution). There could be two solutions: either by explicit signaling or by implicit derivation from other parameters. For the former case, it is preferred to keep Nd within above four choices; while for the latter case, Nd can take other values and, if so, the additional puncture patterns should be defined. 
When choosing value for Nd, it is mandatory to make following inequality satisfied:
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3.2 Joint ACK/CQI Reception
For an extended-CP PUCCH supposed to contain both ACK/NAK and CQI information, 
eNB knows that, UE either performs joint encoding of ACK/NAK and CQI, or transmits only CQI information bits with (20,A=NCQI) codes due to a loss of downlink grant message. The receiver can have two options: one without DTX handling as the current joint coding scheme, where eNB only needs to detect two states, ACK and NAK, from the received PUCCH and relies on lowering downlink grant missing probability to reduce both downlink packet loss and CQI error rate when trying to detect ACK/NAK from DTX; and another with DTX handling which means eNB is able to distinguish between ACK and DTX and is able to decode CQI from CQI-only PUCCH while assuming it as jointly encoded PUCCH.
One example of ML receiver structure for the proposed method is given in Fig 3. If eNB previously sends downlink grant to the UE and assumes that UE will sends both ACK/NAK and CQI on the PUCCH, output X is chosen if the receiver does not handle DTX or output Y if it does. eNB has to decode in two different paths because UE uses different generator matrices to encode CQI-only PUCCH and CQI+NAK PUCCH. If eNB knows that the UE does not have a downlink grant and therefore has no ACK/NAK to transmit on PUCCH, only the lower path with output Z is utilized. Note that the 0-1 converter shall be implemented at the final output stage to recover ACK to logic ‘0’ and NAK to logic ‘1’.

Fig 3 ML decoder for codeword-puncturing method
3.3 Performance of Proposed Joint ACK/CQI Encoding

With the ML decoder in Fig 3, the simulations under AWGN channel are run to measure the ACK/NAK BER and CQI BLER. Within the simulation, for each pair of < NACK, NCQI>, four values {1,2,3,4} are chosen for Nd. The simulation results are given in Annex C.  Here, ACK/NAK BER indicates both P{ACK|NAK} and P{NAK|ACK}, which are equal to each other. If desired, a decoding threshold can be added to differentiate these two probabilities as suggested in [1]. For a fair comparison to the current coding scheme, no DTX handling is assumed in these simulations. If DTX handling is enabled in the receiver as shown in Fig 3, some performance loss could be resulted.
The AWGN simulation results show that:

a). For almost all the cases, ACK/NAK and CQI performances are differentiated to give more error protection to ACK/NAK bits; the lowest (by varying value of Nd) required PUCCH SIR’s are lower than those of current joint encoding scheme by 0.4-0.9dB. The AWGN performance comparison between current joint coding scheme and codeword-puncturing method are given in Table 2 and Table 3, respectively for NACK=1 and NACK=2.
b). Except for a few cases where A is very small, increasing Nd regularly help to improve ACK/NAK performance as expected from subcoding functionality.  

	NCQI
	Current joint encoding
	Codeword-puncturing method

	
	Best Nd adopted for 1% CQI PER and 0.1% ACK BER
	Es/No on PUCCH (dB)
	Best Nd adopted for 1% CQI PER and 0.1% ACK BER
	Es/No on PUCCH (dB)
	Gains of proposed method (dB)

	1
	8
	-0.4
	4
	-0.5
	+0.1

	2
	3
	0.6
	4
	0.0
	+0.6

	3
	5
	1.2
	4
	0.3
	+0.9

	4
	7
	1.9
	3
	1.0
	+0.9

	5
	6
	2.6
	3
	1.7
	+0.9

	6
	5
	3.2
	3
	2.3
	+0.9

	7
	5
	3.6
	3
	3.0
	+0.6

	8
	5
	4.0
	2
	3.4
	+0.6

	9
	2
	4.4
	2
	3.8
	+0.6

	10
	2
	5.1
	2
	4.3
	+0.8

	11
	3
	5.6
	2
	5.0
	+0.6

	12
	2
	6.0
	2
	5.5
	+0.5

	13
	1
	6.5
	1
	5.8
	+0.7


Table 2 AWGN performance comparison for NACK=1
	NCQI
	Current joint encoding
	Codeword-puncturing method

	
	Best Nd adopted for 1% CQI PER and 0.1% ACK BER
	Es/No on PUCCH (dB)
	Best Nd adopted for 1% CQI PER and 0.1% ACK BER
	Es/No on PUCCH (dB)
	Gains of proposed method (dB)

	1
	3
	1.2
	4
	0.5
	+0.7

	2
	6
	1.5
	4
	1.1
	+0.4

	3
	3
	2.0
	4
	1.3
	+0.7

	4
	3
	2.8
	4
	2.1
	+0.7

	5
	3
	3.3
	4
	2.6
	+0.7

	6
	4
	3.5
	4
	3.0
	+0.5

	7
	3
	4.0
	4
	3.4
	+0.6

	8
	3
	4.8
	4
	4.0
	+0.8

	9
	3
	5.3
	4
	4.5
	+0.8

	10
	2
	5.7
	3
	4.8
	+0.9

	11
	2
	6.1
	3
	5.3
	+0.8

	12
	2
	6.5
	3
	6
	+0.5


Table 3 AWGN performance comparison for NACK=2
If the receiver is configured to handle DTX situation, the performance measurements under this condition are P{ACK|DTX} and CQI BLER, which are given in Annex D for AWGN channels. The observations on these results are: 

· P{ACK|DTX} is generally lower than or very close to CQI BLER. So when the CQI BLER is controlled to be lower than 1% target, P{ACK|DTX} would be very likely lower than its error target, which is also 1%. 
· Both P{ACK|DTX} and CQI BLER prefer to less puncturing.  
4 Compatibility with ACK/NAK repetition and CQI repetition

In RAN1#52 meeting, the ACK/NAK repetition is proposed [4]

 REF _Ref193271049 \r \h 
[5]

 REF _Ref193271050 \r \h 
[6] to enhance receiving performance under cell-edge condition. On the other hand, CQI repetition is also suggested in [7] for performance improvement. Although these two kinds of repetitions are still under RAN1 discussion, it is worthwhile to point out that, the proposed codeword-puncturing method can work with these two kinds of repetition as long as the following condition is met for simple soft-combining:
The ACK information is not jointly encoded with different CQI information in its all repetitions; similarly, the CQI information is not jointly encoded with different ACK information in its all repetitions. 
This condition is described in Fig 4. For the transmission pattern in Fig 4 (a), all repeated PUCCH’s that are jointly encoded with codeword-puncturing method are soft-combined; all repeated CQI-only signals are soft-combined; all repeated ACK-only signals are soft-combined. These three combined signals together can be mapped to a block code (40+ NACK, NCQI + NACK), whose generator matrix is 
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 is the equivalent generator matrix of (20,A) code, and 
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 is the generator matrix of ACK/NAK subcoding. Because the system encodes ACK as logic 0 and NAK as logic 1, the metric obtained from each soft-combined ACK-only transmission shall be multiplied by -1 before jointly decoded with other metrics. After final decoding, the 0-1 converter shall be used to flip ACK/NAK back.
In Fig 4 (b), the overlapped joint encoded PUCCH’s correspond to different information bits, which prevents the soft-combining and makes the joint decoding difficult, though sub-optimal decoding method is still available. Fortunately, such transmission pattern as in Fig 4 (b) can be avoided because all repetitions of ACK/NAK and CQI as well as the CQI report cycle can be controlled by the scheduling algorithm in eNB. 

Fig 4 Compatibility with repetition of ACK/NAK and CQI
5 Conclusions

Compared to current joint ACK/CQI coding scheme in [3], the proposed codeword-puncturing method solves the existing design issues without much impact to what are already agreed in RAN1. DTX handling at the receiver side is also supported. The performances including CQI BLER, ACK/NAK BER and P{ACK|DTX} are evaluated for almost all of < NACK, NCQI> combinations. The gains over current channel coding design are confirmed. The compatibility with ACK and/or CQI repetition is also supported. 
Therefore, we propose to adopt the codeword-puncturing method from this contribution for joint encoding PUCCH with extended CP.
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Annex B. AWGN Performance of current joint encoding scheme
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Annex C. ACK/NAK BER and CQI BLER for the proposed codeword-puncturing method under AWGN
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Annex D. AWGN Performance for false-alarm detection for codeword-puncturing method 
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		Notes:

		1. Dominant weight w[dmin]=weight on minimum hamming distance dmin.

						current encoding												current encoding

		N_ACK		N_CQI		Nd		ACK dominant weight		CQI dominant weight		Issues		N_ACK		N_CQI		Nd		ACK dominant weight		CQI dominant weight		Issues

		1		1		2		w[10]=2		w[8]=1		6 full-0 columns		2		1		3		w[8]=2		w[8]=2		3 full-0 columns in G; equal weights

						3		w[10]=2		w[10]=2		5 full-0 columns in G; equal weights						4		w[8]=3		w[8]=1		4 full-0 columns in G; similar weights

						4		w[10]=2		w[10]=2		5 full-0 columns in G; equal weights						5		w[8]=4		w[8]=2		4 full-0 columns in G; similar weights

						5		w[10]=2		w[10]=2		5 full-0 columns in G; equal weights						6		w[8]=2		w[8]=1		3 full-0 columns in G; similar weights

						6		w[10]=2		w[10]=2		5 full-0 columns in G; equal weights						7		w[8]=2		w[10]=3		3 full-0 columns in G; reverse weights

						7		w[10]=1		w[10]=1		4 full-0 columns in G; equal weights						8		w[6]=1		w[6]=1		4 full-0 columns in G; equal weights

						8		w[12]=1		w[8]=1		4 full-0 columns in G;						9		w[8]=2		w[8]=1		2 full-0 columns in G; similar weights

						9		w[8]=1		w[8]=1		5 full-0 columns in G; equal weights						10		w[6]=1		w[6]=1		1 full-0 columns in G; equal weights

						10		w[8]=1		w[16]=2		reverse weight effect						11		w[4]=1		w[4]=1		2 full-0 columns in G; equal weights

						11		w[6]=1		w[6]=1		1 full-0 columns in G; equal weights						12		w[4]=1		w[6]=1		2 full-0 columns in G; reverse weights

						12		w[6]=1		w[14]=1		2 full-0 columns in G; reverse weights						13		w[6]=2		w[6]=1		1 full-0 columns in G; similar weights

						13		w[6]=1		w[6]=1		2 full-0 columns in G; equal weights

		1		2		2		w[8]=1		w[8]=2		3 full-0 columns in G; similar weights		2		2		3		w[8]=4		w[8]=4		2 full-0 columns in G; equal weights

						3		w[10]=3		w[10]=5		2 full-0 columns in G; similar weights						4		w[8]=6		w[8]=4		2 full-0 columns in G; similar weights

						4		w[8]=1		w[8]=1		2 full-0 columns in G; equal weights						5		w[8]=5		w[8]=4		2 full-0 columns in G; similar weights

						5		w[10]=4		w[8]=1		3 full-0 columns in G;						6		w[8]=3		w[8]=2		1 full-0 columns in G; similar weights

						6		w[8]=1		w[8]=1		2 full-0 columns in G; equal weights						7		w[6]=2		w[6]=2		3 full-0 columns in G; equal weights

						7		w[8]=1		w[8]=2		2 full-0 columns in G; similar weights						8		w[6]=1		w[6]=1		1 full-0 columns in G; equal weights

						8		w[8]=1		w[8]=2		2 full-0 columns in G; similar weights						9		w[6]=1		w[6]=1		1 full-0 columns in G; equal weights

						9		w[8]=1		w[8]=2		similar weights						10		w[4]=1		w[4]=2		1 full-0 columns in G; similar weights

						10		w[6]=1		w[4]=1		None						11		w[4]=1		w[4]=2		1 full-0 columns in G; similar weights

						11		w[6]=1		w[4]=1		None						12		w[4]=1		w[4]=1		1 full-0 columns in G; equal weights

						12		w[6]=2		w[4]=1		2 full-0 columns in G;

		1		3		2		w[8]=1		w[8]=2		1 full-0 columns in G; similar weights		2		3		3		w[8]=9		w[8]=9		1 full-0 columns in G; equal weights

						3		w[8]=2		w[8]=2		1 full-0 columns in G; equal weights						4		w[8]=8		w[8]=9		1 full-0 columns in G; similar weights

						4		w[8]=1		w[8]=4		1 full-0 columns in G; similar weights						5		w[6]=1		w[6]=1		1 full-0 columns in G; equal weights

						5		w[8]=1		w[8]=3		1 full-0 columns in G; similar weights						6		w[6]=3		w[6]=3		1 full-0 columns in G; equal weights

						6		w[8]=3		w[8]=4		1 full-0 columns in G; similar weights						7		w[6]=2		w[6]=2		equal weights

						7		w[8]=2		w[8]=3		1 full-0 columns in G; similar weights						8		w[6]=3		w[6]=3		1 full-0 columns in G; equal weights

						8		w[8]=2		w[8]=5		similar weights						9		w[4]=1		w[4]=2		1 full-0 columns in G; similar weights

						9		w[6]=1		w[4]=1		None						10		w[4]=1		w[4]=4		1 full-0 columns in G; similar weights

						10		w[6]=1		w[4]=3		None						11		w[4]=1		w[4]=3		similar weights

						11		w[6]=2		w[4]=2		None

		1		4		2		w[8]=6		w[8]=9		1 full-0 columns in G; similar weights		2		4		3		w[6]=3		w[6]=4		1 full-0 columns in G; similar weights

						3		w[6]=1		w[6]=2		1 full-0 columns in G; similar weights						4		w[6]=3		w[6]=4		1 full-0 columns in G; similar weights

						4		w[8]=3		w[6]=1		1 full-0 columns in G						5		w[6]=5		w[6]=6		1 full-0 columns in G; similar weights

						5		w[6]=1		w[6]=2		1 full-0 columns in G; similar weights						6		w[6]=5		w[6]=5		equal weights

						6		w[6]=1		w[6]=1		1 full-0 columns in G; equal weights						7		w[6]=4		w[6]=4		equal weights

						7		w[8]=4		w[8]=9		similar weights						8		w[4]=1		w[4]=2		1 full-0 columns in G; similar weights

						8		w[6]=1		w[4]=1		None						9		w[4]=1		w[4]=4		1 full-0 columns in G; similar weights

						9		w[6]=2		w[4]=4		None						10		w[4]=1		w[4]=5		None

						10		w[6]=2		w[4]=4		None

		1		5		2		w[6]=3		w[6]=5		1 full-0 columns in G; similar weights		2		5		3		w[6]=9		w[6]=12		1 full-0 columns in G; similar weights

						3		w[6]=3		w[6]=6		1 full-0 columns in G; similar weights						4		w[6]=10		w[6]=12		1 full-0 columns in G; similar weights

						4		w[6]=3		w[6]=5		1 full-0 columns in G; similar weights						5		w[6]=9		w[6]=10		similar weights

						5		w[6]=4		w[6]=5		1 full-0 columns in G; similar weights						6		w[6]=8		w[6]=8		equal weights

						6		w[6]=1		w[6]=1		equal weights						7		w[4]=1		w[4]=2		similar weights

						7		w[6]=2		w[4]=4		None						8		w[4]=1		w[4]=4		1 full-0 columns in G; similar weights

						8		w[6]=2		w[4]=3		None						9		w[4]=1		w[4]=5		None

						9		w[6]=4		w[4]=4		None

		1		6		2		w[6]=7		w[6]=12		1 full-0 columns in G; similar weights		2		6		3		w[6]=24		w[6]=30		1 full-0 columns in G; similar weights

						3		w[6]=7		w[6]=13		1 full-0 columns in G; similar weights						4		w[6]=15		w[6]=19		similar weights

						4		w[6]=10		w[6]=14		1 full-0 columns in G; similar weights						5		w[6]=20		w[6]=23		similar weights

						5		w[6]=4		w[6]=7		similar weights						6		w[4]=1		w[4]=2		similar weights

						6		w[6]=5		w[4]=1		None						7		w[4]=1		w[4]=4		similar weights

						7		w[6]=4		w[4]=3		None						8		w[4]=1		w[4]=5		None

						8		w[4]=1		w[4]=5		similar weights

		1		7		2		w[6]=20		w[6]=30		1 full-0 columns in G; similar weights		2		7		3		w[6]=33		w[6]=45		similar weights

						3		w[6]=20		w[6]=32		1 full-0 columns in G; similar weights						4		w[4]=1		w[4]=1		equal weights

						4		w[6]=12		w[6]=21		similar weights						5		w[4]=2		w[4]=4		similar weights

						5		w[6]=9		w[4]=2		None						6		w[4]=3		w[4]=6		similar weights

						6		w[6]=11		w[4]=3		None						7		w[4]=6		w[4]=10		similar weights

						7		w[4]=3		w[4]=7		similar weights

		1		8		2		w[6]=37		w[6]=65		1 full-0 columns in G; similar weights		2		8		3		w[4]=4		w[4]=4		equal weights

						3		w[6]=26		w[6]=45		similar weights						4		w[4]=5		w[4]=7		similar weights

						4		w[6]=23		w[4]=2		None						5		w[4]=9		w[4]=13		similar weights

						5		w[6]=20		w[4]=4		None						6		w[4]=8		w[4]=12		similar weights

						6		w[4]=3		w[4]=7		similar weights

		1		9		2		w[6]=51		w[4]=1		None		2		9		3		w[4]=13		w[4]=17		similar weights

						3		w[4]=3		w[4]=7		similar weights						4		w[4]=16		w[4]=22		similar weights

						4		w[4]=3		w[4]=9		similar weights						5		w[4]=18		w[4]=23		similar weights

						5		w[4]=4		w[4]=9		similar weights

		1		10		2		w[4]=4		w[4]=10		None		2		10		3		w[4]=35		w[4]=46		similar weights

						3		w[4]=9		w[4]=20		similar weights						4		w[4]=41		w[4]=51		similar weights

						4		w[4]=8		w[4]=18		similar weights

		1		11		2		w[4]=18		w[4]=34		similar weights		2		11		3		w[4]=79		w[4]=100		similar weights

						3		w[4]=17		w[4]=38		similar weights

		1		12		2		w[4]=40		w[4]=76		similar weights		2		12		2		w[4]=129		w[4]=165		similar weights

		1		13		1		w[4]=89		w[4]=165		similar weights
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