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1. Introduction
This contribution is an update of [6], complemented with more simulation results (e.g. higher speeds for both short and long CP cases). This contribution describes a method of coding for PUCCH transmissions with focus on ACK/NACK and CQI transmitted from one UE in the LTE Physical Uplink Control Channel (PUCCH). 
Different quality targets for CQI and ACK/NACK have been agreed by RAN WG1 [1]. In this contribution we propose that the coding of CQI and ACK/NACK should be accomplished by exploiting the differences in the required quality levels. By exploiting these differences this method, called Embedded Coding, delivers improved performance compared to other coding schemes, which have not been optimized for error rate performance, and, in some cases reduce information that would otherwise be available for channel estimation. We present simulation results of the proposed CQI + ACK/NACK Embedded Coding scheme which show that target qualities are achieved at substantially lower SNRs compared to other approaches for low and high speed scenarios in both short and long CP cases. Therefore, we propose to specify Embedded Coding as the unified coding scheme for PUCCH in both short and long CP cases.
2. Working assumptions for UL CQI control signaling
The RAN1 agreed PUCCH structure is depicted in Figure 1 [2]. The number and placement of reference signals are as shown in the figure for short CP (left) and long CP (right). QPSK modulation is used [2]. Thus for the subframe structure with both short and long CP, 20 bits can be supported. 
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Figure 1 PUCCH structure for short CP (left) and long CP (right)
Table 1 provides the required quality targets for uplink control signaling, ACK/NACK has a more stringent target than CQI [1].

Table 1 Uplink control signaling target quality.

	Event
	Target quality

	ACK miss detection (for DL-SCH)
	(1e-2)

	DTX to ACK error (for DL-SCH)
	(1e-2 – 1e-1)

	NACK to ACK error (for DL-SCH)
	(1e-4 – 1e-3)

	CQI block error rate
	FFS (1e-2 – 1e-1)


3. Proposed Embedded Coding of CQI + ACK/NACK

We propose a coding scheme called Embedded Coding, and we show that this Embedded Coding scheme not only allows different quality targets to be met, but does so at a substantially reduced SNR, compared to alternatives. The scheme is also flexible in that it can be easily re-configured in the event that the quality target levels change prior to complete finalization by RAN1.
The basic idea is to embed the ACK/NACK information in the codewords of CQI.  The coding scheme is summarized as follows:
· At the transmitter, for each ACK/NACK value to be transmitted, a separate CQI codebook is used such that in one codebook, all the codewords corresponding to all possible CQI values have the same specific distribution of modulated symbols; this distribution being constant for any one ACK/NACK value to be transmitted. For example, four CQI codebooks are used for 2-bit ACK/NACK, one codebook corresponding to 1 of 4 ACK/NACK values; all the codebook entries within 1 codebook have the same distribution of modulated symbols, as shown below in Figure 2, Embedded Coding of ACK/NACK into CQI. The distribution of the modulated symbols is different between the different codebooks corresponding to the different ACK/NACK values.
· The UE will select the CQI codebook (1 out of 4 as example) based on the ACK/NACK value to be transmitted, and use it to encode the CQI value to be transmitted.

· The decoding procedure at the receiver contains two steps. As the first step, the ACK/NACK information will be determined based on the distribution of the received symbols, which is constant for the transmitted ACK/NACK value but different between different ACK/NACK values. Thus the CQI codebook to be used for Step 2 is first selected in Step 1 based on the ACK/NACK information; the second step is a conventional decoding of the CQI codeword.
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Figure 2 Embedded Coding of ACK/NACK into CQI

An example QPSK symbol distribution for 2-bit ACK/NACK, is shown in Table 2 where A, B, C and D represent the complex-valued QPSK modulation symbols of the mappings “00”, “01”, “10” and “11” respectively. Note that other distributions such as “6A 1B 2C 1D” can also be configured in the event that the quality target levels change.
Table 2 An example QPSK Symbol distribution for 2-bit ACK/NACK

	ACK/NACK
	QPSK symbol distribution

	00
	7A, 1B, 1C, 1D

	01
	1A, 7B, 1C, 1D

	11
	1A, 1B, 7C, 1D

	10
	1A, 1B, 1C, 7D


4. Performance of the Embedded Coding scheme
For the proposed Embedded Coding scheme, 256 (32 in case of 5 bits CQI) codewords (each of 20 bits) were randomly chosen among all the possible codewords with the specific QPSK symbol distribution as the codebook of CQI when ACK/NACK is “00”, which is noted as CB00. The codebooks of CQI when ACK/NACK is “01”, “11” or “10” are obtained from CB00 due to the symmetry as shown in Table 2. For example, the codebook of CQI when ACK/NACK is “11” is obtained by flipping all bits of each codeword in CB00. Thus only 256x20/8=640 (80 in case of 5 bits CQI) bytes are needed to store the codebook at both transmitter and receiver. A punctured (32, 10) Reed-Muller code is used for coding of CQI in joint coding. For all codes evaluated, soft decision maximum likelihood (ML) decoding scheme is used. Table 3 summarizes the main parameters used in the simulations. 
Table 3 Simulation parameters
	Number of information bits
	CQI: 8 bits, ACK/NACK: 2 bits

	
	CQI: 5 bits, ACK/NACK: 1 bit

	Channel
	GSM TU: 3 and 120 km/h

	Channel estimation
	Practical

	TTI Configuration
	Short and long CP

	Slot-based frequency hopping
	Enabled

	Number of RS per slot
	2 for short CP and 1 for long CP

	System bandwidth
	5 MHz @ 2 GHz

	Code Type
	Embedded code, punctured Reed-Muller

	TX x RX antenna
	1 x 1


4.1. Long CP

For long CP case, Embedded coding and Joint Coding are simulated and performance results are shown in Figure 3 - 4. Table 4 summarizes the gain of Embedded Coding over Joint Coding. 
Table 4 Gain of Embedded Coding over Joint Coding in terms of required SNR to meet the targets
	Targets
	3 km/h
	120 km/h

	CQI BLER: 1e-1;

ACK/NACK BER: 1e-3
	2 bits ACK/NACK
	0.5 dB
	1.3 dB

	
	1 bit ACK/NACK
	1 dB
	0.8 dB
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Figure 3 “8 + 2” CQI + ACK/NACK performance, 3 km/h (left), 120 km/h (right), long CP
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Figure 4 “5 + 1” CQI + ACK/NACK performance, 3 km/h (left), 120 km/h (right), long CP
Note that in [10], the required SNR -3.2 dB for “5+1” is obtained using MRC with 2 receiving antennas; while Embedded Coding required -3 dB for the same target (ACK BER 1e-3) with only 1 receiving antenna.
4.2. Short CP

The performance of Embedded Coding in short CP cases are shown in Figure 5 - 6.
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Figure 5 “8 + 2” CQI + ACK/NACK performance, 3 km/h (left), 120 km/h (right), short CP
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Figure 6 “5 + 1” CQI + ACK/NACK performance, 3 km/h (left), 120 km/h (right), short CP
5. Discussion
5.1. ACK/NACK signaled using RS

In [3], it is proposed that ACK/NACK is signaled using RS for short CP case. However, there are several problems associated with this type of multiplexing method. 

· Implicit ACK/NACK signaled using RS are vulnerable to the issue of degradation of orthogonality of RSs in the presence of Doppler and when different UEs are simultaneously multiplexed in an RB.  It is clear that by allocating reference signal degrees of freedom to data that would otherwise be allocated for RS transmission, schemes such as [5, 7, 8] would suffer performance degradations when multiple users are multiplexed within the same RB.   
· Since RS is unknown to the receiver, a blind decoding procedure (always true for [5, 8] and high speed case for [7]) has to be used to detect and decode both CQI RS and ACK/NACK. And we envisioned that this will not only have an impact on the performance but also on the complexity of the receiver at the NodeB because now the NodeB has to examine multiple hypothesizes for each UE in a cell. The complexity issues of such NodeB receiver are not addressed in [5], [7] and [8] in a multiple UE scenario. But it is self-evident that a blind decoding receiver such as mentioned in [7] is substantially more complex than one in which no such decoding is needed (and in fact the complexity of a receiver such as in [7] is more than considered in [7] because some mechanism must exist to differentiate high speed UEs from low speed UEs). 

· In [5], 2 sequences (cyclic shifts) have to be assigned to a UE in a cell which greatly reducing the already scarce resource: CAZAC sequences. In addition, the performance obtained by reserving 2 sequences at each UE does not justify its increased cost.   

Not only implicit ACK/NACK schemes have the above problems, their performance is worse than Embedded Coding especially under low SNR range. We have the following simulation results to compare with implicit ACK/NACK signaling (note that Figure 7, 8 and 9 are obtained assuming MRC with 2 receiving antennas for fair comparison):
· Comparison to RS cyclic shift for ACK/NACK [5]: our Figure 7 shows that for embedded coding, the ACK/NACK target (BER 1e-3) is met at SNR of -5 dB for 360 km/h; -4 dB SNR is required in [8] for the same target. Embedded Coding outperforms [5] by 1 dB.
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Figure 7 “5 + 1” CQI + ACK/NACK performance, 3 km/h (left), 360 km/h (right), short CP
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Figure 8 “8 + 1” CQI + ACK/NACK performance, 3 km/h (left), 350 km/h (right), short CP
· Comparison to ACK/NACK modulated RS [7]: if we compare the above Figure 8 to Figure 7 in [7] for the same target (ACK/NACK BER 1e-3 and CQI BLER 1e-1), embedded coding outperforms implicit A/N using RS [7] by about 1.5 dB (3 km/h) and 3.5 dB (350 km/h) respectively. Note that Figure 8 - 10 in [7] are not compared with because they carry more than 10 information bits on PUCCH which is against the RAN1 agreement [9]. 
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Figure 9 “8 + 2” CQI + ACK/NACK performance, 3 km/h (left), 360 km/h (right), short CP
Figure 9 shows the performance of Embedded Coding with 2 bit ACK/NACK. Table 5 and 6 summarize the required SNR to meet the targets (ACK/NACK BER 1e-3 and CQI BLER 1e-1) for different schemes. 

Table 5 Required SNR for “5 + 1” (“8 + 1”) CQI + ACK/NACK
	1 bit ACK/NACK
	Sharp (Fig. 7, 8)
	TI (Fig. 7 in [7])
	Samsung (Fig. 3 in [8])
	NSN (Fig. 1 in [5])

	3 km/h
	-7 (-5.5) dB
	(-4) dB
	-4 dB
	

	350 or 360 km/h
	-5 (-3.5) dB
	(0) dB
	-0.5 dB
	-4 dB


Table 6 Required SNR for “8 + 2” (“10+2”) CQI + ACK/NACK
	2 bits ACK/NACK
	Sharp (Fig. 9)
	TI (Fig. 3,4 in [11])
	Samsung (Fig. 7 in [8])
	NSN (Fig. 2,3 in [5])

	3 km/h
	-5 dB
	-1 dB
	(-3) dB
	(-0.5) dB

	350 or 360 km/h
	-2 dB
	1 dB
	(-0.5) dB
	(0) dB


5.2. DTX detection
For all ACK/NACK and CQI multiplexing schemes considered in [3], DTX detection is a problem. For embedded coding, several options exist. For example, one solution is to associate DTX with NACK. That is, when there’s no ACK to feedback, UE sends NACK to indicating DTX. 
6. Conclusion
Our simulation results show that there are some performance problems for joint coding in the long CP case and implicit ACK/NACK coding in the short CP case. These coding schemes are not optimal at all, and far from optimal. Considering the importance of CQI/ACK for their big influences on link performance, we need to have a good coding scheme. In this proposal, we proposed an Embedded Coding which achieves a big performance improvement (1 dB or more) and works in all the scenarios (1 and 2 bit ACK/NACK, low and high speed, short and long CP). There is no reason not to use optimal code which does not require much complexity increase. Therefore we propose that on PUCCH the Embedded Coding scheme should be used for simultaneous transmission of CQI and ACK/NACK in both short and long CP cases.
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Appendix

In case of multiple CQI message size, the same method can be used to generate the codebooks for Embedded Coding. The QPSK distributions shown in Table 7 are chosen based on simulation results.
Table 7 Embed Coding for multiple CQI message sizes

	CQI (bits)
	QPSK distribution
	LUT size (bytes)

	9 
	7, 1, 1, 1
	1280

	8
	7, 1, 1, 1
	640

	7
	7, 1, 1, 1
	320

	6
	7, 1, 1, 1
	160

	5
	7, 1, 1, 1
	80


For reference, we list the codebooks of CQI when ACK/NACK is “00” with the symbol distribution as in Table 5. They are in the file embedded here (each worksheet for one CQI message size and each row as a 20-bit codeword):
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		1		1		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		1

		0		0		0		0		0		1		0		0		0		0		1		1		1		0		0		0		0		0		0		0

		0		0		0		0		1		0		0		0		0		0		0		0		1		1		0		0		0		1		0		0

		0		0		0		0		0		0		1		1		1		0		0		1		0		0		0		0		0		0		0		0

		0		0		0		1		0		0		0		0		0		0		0		0		1		0		0		0		1		1		0		0

		0		0		1		0		0		1		0		0		0		0		0		0		0		0		1		1		0		0		0		0

		0		0		0		0		1		0		0		0		0		0		0		1		0		0		0		0		0		0		1		1

		0		0		0		0		0		0		0		1		0		0		1		1		0		0		1		0		0		0		0		0

		0		0		1		0		0		0		0		0		0		0		1		1		0		1		0		0		0		0		0		0

		1		0		0		1		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0

		1		0		0		0		0		0		0		0		0		0		0		0		1		1		0		1		0		0		0		0

		0		0		0		0		0		0		0		0		1		0		0		0		0		1		0		0		0		0		1		1

		1		0		1		1		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		1		1		0		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		1		0		0		0		0		0		0		0		0		0		0		1		0		1		1		0		0

		0		0		0		0		1		0		1		1		0		0		0		0		0		0		0		0		0		1		0		0

		0		0		0		0		0		0		1		1		0		1		0		0		0		0		1		0		0		0		0		0

		0		0		0		0		0		1		0		0		1		0		1		1		0		0		0		0		0		0		0		0

		1		1		0		1		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		1		0		1		1		0		1		0		0		0		0

		0		0		0		0		0		0		0		1		1		1		0		0		1		0		0		0		0		0		0		0

		0		1		0		0		0		0		1		0		0		0		0		0		0		0		0		0		1		1		0		0

		1		0		0		0		0		0		0		0		0		0		1		1		0		0		0		0		0		1		0		0

		1		1		0		0		0		0		0		0		0		1		0		0		0		0		1		0		0		0		0		0

		1		1		0		0		1		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0

		0		0		1		1		1		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0

		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		0		0

		1		0		0		0		0		0		0		0		0		1		0		0		0		0		1		1		0		0		0		0

		0		0		0		0		0		1		1		1		0		0		0		0		1		0		0		0		0		0		0		0

		0		0		1		0		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0		1

		0		0		0		0		0		0		0		0		0		0		1		0		0		0		1		1		0		1		0		0

		1		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		1		1

		0		0		1		1		1		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0

		0		1		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		0		0		0

		1		1		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		1		0		0

		1		0		0		0		0		0		0		0		0		0		0		1		1		1		0		0		0		0		0		0

		0		0		1		0		0		0		0		0		0		0		0		1		0		0		1		1		0		0		0		0

		0		0		0		0		1		0		0		1		0		0		0		0		0		0		0		0		1		1		0		0

		0		0		1		0		0		0		0		0		0		0		0		0		1		1		0		1		0		0		0		0

		0		0		1		1		0		0		0		0		0		1		0		0		0		0		0		0		1		0		0		0

		0		1		0		0		0		0		0		0		1		0		0		0		0		0		1		1		0		0		0		0

		1		1		0		0		0		0		0		1		0		0		0		0		0		0		0		0		1		0		0		0

		1		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		0		1		1

		0		1		0		0		0		0		0		0		0		0		0		0		1		1		0		0		0		0		1		0

		1		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		1		1		0		0

		0		0		0		1		1		1		0		0		1		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		1		1		0		1

		0		0		0		0		1		1		0		0		0		0		0		1		0		0		1		0		0		0		0		0

		0		0		0		0		1		1		0		1		0		0		0		0		0		0		1		0		0		0		0		0

		1		0		0		0		0		0		0		1		0		0		0		0		0		0		1		1		0		0		0		0

		0		0		1		1		0		0		0		0		0		0		1		0		0		0		0		1		0		0		0		0

		0		0		0		1		0		0		0		0		0		0		0		0		1		0		0		0		0		0		1		1

		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		0		0		1		0		0

		0		0		0		0		1		1		0		0		0		0		0		1		1		0		0		0		0		0		0		0

		0		0		0		0		0		0		1		1		0		1		0		0		0		0		0		0		1		0		0		0

		0		0		0		0		0		0		1		1		1		0		0		0		0		1		0		0		0		0		0		0

		0		0		0		0		0		0		1		1		0		0		0		1		0		0		0		0		0		0		1		0

		0		0		0		1		0		0		1		0		0		0		0		0		1		1		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		1		0		0		1		0		0		0		1		1

		0		0		0		0		1		0		0		1		0		0		0		0		1		1		0		0		0		0		0		0

		0		0		0		1		0		0		1		0		0		0		1		1		0		0		0		0		0		0		0		0

		1		1		0		0		0		0		0		0		0		0		0		1		0		0		1		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		1		1		0		0		0		0		0		1		1		0

		0		0		0		0		0		1		1		0		1		1		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		1

		0		1		1		1		0		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0

		0		0		1		1		0		0		0		0		0		0		0		0		0		1		1		0		0		0		0		0

		0		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		0

		0		0		1		1		0		0		0		0		0		1		0		0		1		0		0		0		0		0		0		0

		0		0		0		0		0		1		0		0		1		0		0		0		0		0		0		0		0		0		1		1

		0		0		0		0		0		1		0		0		1		0		0		0		0		0		0		0		1		1		0		0

		1		0		0		1		0		0		0		0		0		0		1		1		0		0		0		0		0		0		0		0

		0		0		1		1		0		1		0		0		0		0		1		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		1		1		0		1		0		0		0		0		0		0		1		0

		0		0		1		1		0		0		0		0		0		1		1		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		1		0		0		1		0		1		1		0		0		0		0

		1		0		0		0		0		0		0		0		0		0		0		0		0		1		1		1		0		0		0		0

		1		1		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		1		0

		0		0		0		1		0		0		0		0		0		0		0		0		1		1		0		0		0		0		1		0

		0		0		1		1		0		0		0		1		0		0		0		0		0		0		0		0		0		0		1		0

		0		0		1		1		0		0		1		0		0		0		0		1		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		1		0		1		1

		0		0		0		0		0		0		0		0		0		0		1		1		0		0		0		1		0		0		1		0

		0		0		0		0		1		0		0		0		0		0		0		0		0		1		0		0		0		0		1		1

		0		0		0		0		0		0		0		1		0		0		1		0		0		0		0		0		1		1		0		0

		0		0		1		0		1		1		0		0		0		1		0		0		0		0		0		0		0		0		0		0

		1		0		0		0		0		0		0		0		1		1		0		0		0		0		0		0		0		0		0		1

		0		0		0		0		0		0		0		0		0		0		1		1		0		1		0		0		1		0		0		0

		0		0		0		0		0		1		0		0		1		0		0		0		1		1		0		0		0		0		0		0

		0		0		0		1		1		0		0		0		0		0		0		0		0		0		1		1		0		0		0		0

		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		1		0		0		1		1

		0		0		0		1		0		0		1		1		1		0		0		0		0		0		0		0		0		0		0		0





5 bits CQI

		0		0		0		0		0		0		1		1		0		0		1		0		0		1		0		0		0		0		0		0

		1		0		0		0		0		0		0		0		0		0		1		1		0		0		0		1		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		1		1		1		0		0

		0		1		1		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1

		1		1		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		1		0		0

		1		1		0		0		0		0		1		0		0		0		0		1		0		0		0		0		0		0		0		0

		0		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		1		0		1		1

		0		0		0		1		0		0		1		0		0		0		0		0		0		0		0		0		1		1		0		0

		0		1		0		0		0		0		1		1		0		0		0		0		1		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		1		0		0		1		1		1		0		0		0		0		0		0		0

		0		0		1		0		0		0		0		0		1		1		0		0		0		0		0		0		0		0		0		1

		0		0		0		0		1		1		0		1		1		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		1		0		0		0		0		1		1		1		0		0		0		0

		0		0		1		1		0		0		0		0		0		1		0		0		1		0		0		0		0		0		0		0

		1		0		0		0		0		0		1		1		0		1		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		1		0		0		0		0		0		0		1		1		0		0		0		0		1		0

		0		0		0		0		0		0		0		1		0		0		0		0		0		0		1		0		0		0		1		1

		0		0		0		0		0		1		0		0		0		0		1		0		0		0		0		0		1		1		0		0

		0		0		0		0		1		0		0		0		1		1		0		0		0		0		0		1		0		0		0		0

		0		0		0		1		0		0		0		0		1		1		1		0		0		0		0		0		0		0		0		0

		0		0		0		0		1		1		1		0		0		0		0		1		0		0		0		0		0		0		0		0

		0		0		1		1		0		0		0		1		0		0		0		0		0		0		0		0		1		0		0		0

		0		1		0		0		0		0		0		0		0		0		0		0		1		1		0		0		1		0		0		0

		1		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		1		1

		0		0		1		0		0		0		0		0		0		0		1		1		0		0		0		0		0		0		0		1

		0		0		0		1		0		0		1		0		0		0		0		0		0		0		1		1		0		0		0		0

		0		0		0		0		1		0		0		0		0		0		0		0		0		1		0		0		1		1		0		0

		0		0		0		0		1		1		0		0		0		0		0		0		0		0		1		0		0		0		0		1

		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		1		1		0		0		0		0		0		1		1		0

		0		0		0		0		0		0		0		0		1		1		0		1		0		0		1		0		0		0		0		0





6 bits CQI

		0		0		0		0		1		0		0		0		0		0		0		0		0		0		0		0		1		1		0		1

		0		0		0		0		0		0		0		0		0		0		1		0		0		0		1		1		0		0		0		1

		1		0		0		0		0		0		0		0		0		0		1		1		0		0		0		1		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		1

		0		0		0		0		1		0		1		1		0		0		0		0		0		0		0		0		0		1		0		0

		0		0		1		1		0		0		0		0		0		0		1		0		0		0		0		1		0		0		0		0

		0		0		0		0		0		0		0		1		0		0		0		0		1		1		0		0		0		0		1		0

		0		0		0		0		1		0		0		0		0		0		0		0		0		1		0		0		1		1		0		0
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