3GPP TSG RAN WG1 Meeting #52bis                                                   R1-081414
Shenzhen, China, March 31 – April 4, 2008
Agenda item:
6.1.4


Source:
ZTE

Title:
ACK/CQI Joint Encoding on PUCCH with Normal CP

Document for:     Discussion and Decision

1 Introduction

The agreed methods [2]

 REF _Ref193213050 \r \h 
[9] in multiplexing ACK/NACK and CQI on PUCCH are: 
a) For the normal CP PUCCH, ACK/NACK bits are modulated on two reference symbols, and time-multiplexed with block-coded CQI information;
b) For the extended CP PUCCH, due to less number of reference symbols, ACK/NACK and CQI are jointly encoded with the block code designed for CQI-only transmission. 

When determining the simultaneous transmission scheme of ACK/NACK and CQI under normal CP, the joint encoding method was considered and compared to the current state of art. The decision to use CQI RS to carry the ACK/NACK information bits based upon following reasons [3]

 REF _Ref193343568 \r \h 
[4]

 REF _Ref193343570 \r \h 
[5]

 REF _Ref193343573 \r \h 
[6]:
a) Performance issue: Because the joint encoding performance is upper-bounded by the CQI-only performance given the same number of CQI bits in both kinds of transmissions, as the number of CQI bits increases, the ACK/NACK receiving performance gets degraded. 
b) Error rate target differentiation issue: The ACK/NACK error rate has a target of 0.1% while CQI BLER is targeted at 1%. It is hard to differentiate these two error rates in a joint encoding scheme.
c) DTX-related issue: In case UE misses the downlink grant message and sends CQI-only PUCCH, the eNB would erroneously decode the PUCCH in a joint coding scheme regardless of the signal quality. In addition, it is difficult for the joint encoding method to keep P{ACK|DTX} low. 
d) CQI repetition issue: ACK can not be jointly encoded with repeated CQI after the first transmission of that CQI message.
After RAN1 made the above decision for normal CP, the concept of subcoding was introduced and adopted to the ACK/CQI joint transmission for extended CP [7]

 REF _Ref193212798 \r \h 
[8]

 REF _Ref193213050 \r \h 
[9]. When improving the subcoding application for the extended CP [1], we found that all the above-mentioned problems of joint channel coding solution for normal CP can be solved. Moreover, based upon the subcoding concept, it is worthwhile to investigate the method that combines the joint ACK/CQI encoding and ACK-alone transmission on RS.
This contribution provides to RAN1 two new methods to transmit ACK/CQI together on PUCCH with normal CP, based upon the new technical progress after the decision was made for normal CP. 
2 Review of current solution

Throughout this contribution, we assume the number of ACK bits as NACK and the number of CQI bits as NCQI.

For the PUCCH format 2a and 2b, NACK-bits of ACK/NACK information are transmitted independently from CQI on two RS symbols per subframe. They are BPSK modulated for NACK=1 and QPSK modulated for NACK=2. Compared to QPSK modulated (20,A) codes, the effective hamming distance of ACK/NACK bits on symbol level is 4 for NACK=1 and 2 for NACK=2. 
The advantages of sending ACK/NACK on PUCCH RS symbols are well understood. Below lists only several disadvantages:

a. The effective ACK/NACK hamming distance values mentioned above are fixed regardless of number of CQI bits, NCQI, which means ACK/NACK performance does not get improved if less number of CQI bits are transmitted. This is not the good way to share PUCCH capacity. 

b. Given the current (20,A) code design[9], the minimum hamming distances of the codes for 1<=A<=14 are no smaller than 4. This means that, when transmitted in equal power, CQI performance (at 1% BLER) will be very likely better than that of ACK/NACK (at 0.1% BER), especially when NACK=2. This is proved by AWGN performances shown in Fig 1: ACK/NACK performance is the bottleneck of PUCCH for 
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 when NACK=2.  This phenomenon is opposite to what is desired. In Fig 1, CQI performances are obtained by simulations under AWGN channel (curve for NCQI=1 has only one dot and is missing from MATLAB plot), while ACK/NACK performances are obtained from well-known BPSK/QPSK formula.  

c. Because half of the reference symbols are used to transmit ACK/NACK information, the channel estimation performance of PUCCH is downgraded. To compensate this loss, iterative method and hypothesis-test method are suggested [3]. In iterative method, the ACK/NACK is coherently demodulated with another half reference symbols; the demodulated ACK/NACK bits are re-modulated back to the originally received RS signal to recover a “non ACK-bearing” RS signal, which can contribute to the new channel estimation on the same PUCCH. This method has drawbacks for high speed UE. Hypothesis-test works better in case UE moving speed is high, because it starts from testing against all 
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possibilities of ACK/NACK information. For each possibility, full PUCCH RS are used in channel estimation based upon assumed ACK/NACK bits, and CQI is coherently decoded within that hypothesis on ACK/NACK. The final decision on both ACK/NACK and CQI is made according to the comparison of 
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 channel metrics, which requires re-encoding and re-modulation in each hypothesis. 
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Fig 1 AWGN performance of ACK/CQI Separate Encoding
3 Joint ACK/CQI channel coding with Subcoding
3.1 Joint ACK/CQI Encoding
Two new methods are proposed for the joint ACK/CQI encoding under normal CP. One has no ACK bits on CQI RS, another has the ACK bits on CQI RS. Both methods assume: 
a) There is no big difference between detecting ACK DTX and explicitly receiving NACK NACK’s at eNB, in other words, Prob{NACK|DTX}, Prob{DTX|NACK} and P{DTX|ACK}are not the concern.

b) NACK is represented by binary “0”, while ACK is represented by “1”. This is already agreed in [11].

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.

3.1.1 Joint encoding method with no ACK on CQI RS

The joint encoding method without using RS under normal CP is the same as the one proposed in [1], and is shown in Fig 2.
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Fig 2 Proposed joint ACK/CQI encoding w/o using CQI RS
The joint ACK/CQI encoding scheme in Fig 2 has the same ACK subcoding and (20,A) RM coding as currently defined in [11]. Besides, the followings are introduces to Fig 2:

1. For the bit ordering of input to (20,A) block coding, ACK bits always follow the CQI bits, that is, if the input bits to (20,A) coding are defined as 
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, ACK/NACK and CQI bits shall be multiplexed in such a way that 
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2. 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 the table below, where the coded bits indices are defined in Table 5.2.3.3-1 in [11]. 

	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 proposed coding scheme
3. 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 unit can be removed if its functionality is implemented into (20,A) codes (if so, the puncturing pattern needs corresponding change). 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 apply to the CQI-only transmission. 
So far it is not agreed in RAN1 on how to make eNB and UE synchronized upon the subcoding scale (AACK in [11] 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 corresponding puncture patterns should be defined. 
When choosing value for Nd, it is mandatory to make following inequality satisfied:
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3.1.2 Joint encoding method with ACK on CQI RS
Rather than puncturing coded bits within 20 block-coded symbols, the proposed joint ACK/CQI encoding method with ACK on CQI RS extends the code block length to include more codeword symbols that can be transmitted on CQI RS. The diagram is shown in Fig 3.
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Fig 3 Proposed joint ACK/CQI encoding with use of CQI RS
The joint ACK/CQI encoding scheme in Fig 3 has the same ACK subcoding, (20,A) RM coding and QPSK modulation/multiplexing as currently defined in [11]. What are newly proposed are:
1. For the bit ordering of input to (20,A) block coding, ACK bits always follow the CQI bits, that is, if the input bits to (20,A) coding are defined as 
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, ACK/NACK and CQI bits shall be multiplexed in such a way that 
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2. The modulation of Nd subcoded bits on CQI RS depends on the value of Nd, which can be chosen from {1,2,3,4}. Assume the ACK subcoding output is denoted as 
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, then the modulation and multiplexing is specified by table below. 
	Nd
	Modulated bits
	RS1 in CQI slot 0
	RS1 in CQI slot 1

	1
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Table 2 Modulation and multiplexing of coded ACK bits on CQI RS
3.2 Receiver Structure for Proposed Joint ACK/CQI Encoding
For a PUCCH supposed to contain both ACK/NACK and CQI information, 
eNB knows that, UE either performs joint encoding of ACK/NACK and CQI, or transmits only CQI information bits with (20,A=NCQI) codes due to a loss of downlink grant message. Because the generator matrices used by UE to send CQI-only PUCCH and the joint CQI+NACK PUCCH are the same in Fig 3, eNB only needs to detect two states, ACK and NACK, for the joint encoding method using CQI RS. On the other hand, for the joint encoding with puncturing (or without using CQI RS), eNB needs to handle the DTX issue in the receiver as suggested in [1].
One example of ML receiver structure for the proposed PUCCH with puncturing is given in Fig 3 of [1]. The example of ML receiver structure for the proposed PUCCH with codeword extending (or using CQI RS) is given in Fig 4 below. If eNB previously sends downlink grant to the UE and assumes that UE will sends both ACK/NACK and CQI on the PUCCH, the upper half path is utilized. If eNB knows that the UE does not have a downlink grant and therefore has no ACK/NACK to transmit on PUCCH, only the lower path is utilized.

Fig 4 ML decoder for the joint encoding with code extending
3.3 Performance of Proposed Joint ACK/CQI Encoding

3.3.1 ACK/NACK BER and CQI BLER

With the ML decoder in Fig 3 of [1] and Fig 4 in this contribution, the simulations under AWGN channel are run to measure the ACK/NACK 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 A and B.  Here, ACK/NACK BER indicates both P{ACK|NACK} and P{NACK|ACK}, which are equal to each other. If desired, a decoding threshold can be added to differentiate these two probabilities as suggested in [7]. DTX handling is implemented in the receiver for puncturing codeword case. 
The AWGN performance comparisons between current transmission scheme with PUCCH format 2a/2b and the joint encoding methods in this proposal are given in Table 3 and Table 4. The results show large savings on PUCCH SIR for all < NACK, NCQI> combinations, except for
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. The performance comparison under fading channel will be in favor of joint coding method because of two facts:

a) More available reference symbols for channel estimation. 

b) Time diversity gain for ACK/NACK under high Doppler effect.
In addition, it is also observed that, for the joint encoding with extending, CQI performance is not affected very much when Nd varies. 
	NCQI
	PUCCH w/ 1bit ACK
(0.1% ACK BER needs Es/No=3.7dB)
	Proposed joint encoding

with puncturing
	Proposed joint encoding

with extending

	
	Es/No of CQI (dB) for 1% PER
	Es/No on PUCCH (dB)
	Nd adopted for 1% CQI PER and 0.1% ACK BER
	Es/No on PUCCH (dB)
	Gains of proposed method (dB)
	Nd=2 to use only one CQI RS 
	Es/No on PUCCH (dB) for 1% CQI PER and 0.1% ACK BER
	Gains of proposed method (dB)

	1
	<-3
	3.7
	2
	-0.2
	+3.9
	2
	-0.6
	+4.3

	2
	-2
	3.7
	4
	0.5
	+3.2
	2
	0.3
	+3.4

	3
	-0.7
	3.7
	2
	1.1
	+2.6
	2
	0.7
	+3.0

	4
	0.3
	3.7
	2
	1.3
	+2.4
	2
	0.8
	+2.9

	5
	0.6
	3.7
	2
	2.1
	+1.6
	2
	1.5
	+2.2

	6
	1.2
	3.7
	2
	2.7
	+1.0
	2
	2.2
	+1.5

	7
	2
	3.7
	2
	3.1
	+0.6
	2
	2.5
	+1.2

	8
	2.7
	3.7
	2
	3.6
	+0.1
	2
	2.8
	+0.9

	9
	3.1
	3.7
	1
	4.0
	-0.3
	2
	3.1
	+0.6

	10
	3.4
	3.7
	1
	4.9
	-1.2
	2
	3.6
	+0.1

	11
	4
	4
	1
	5.0
	-1.0
	2
	4.2
	-0.2

	12
	4.6
	4.6
	1
	5.5
	-0.9
	2
	4.7
	-0.1

	13
	5.1
	5.1
	1
	5.7
	-0.6
	2
	5.2
	-0.1


Table 3 AWGN Performance Comparison between PUCCH and Proposed Scheme (NACK=1)
	NCQI
	PUCCH w/2bit ACK

(0.1% ACK BER needs Es/No=6.8dB)
	Proposed joint encoding

with puncturing
	Proposed joint encoding

with extending

	
	Es/No of CQI (dB) for 1% PER
	Es/No on PUCCH (dB)
	Nd adopted for 1% CQI PER and 0.1% ACK BER
	Es/No on PUCCH (dB)
	Gains of proposed method (dB)
	Nd=2 to use only one CQI RS 
	Es/No on PUCCH (dB) for 1% CQI PER and 0.1% ACK BER
	Gains of proposed method (dB)

	1
	<-3
	6.8
	2
	0.6
	+6.2
	2
	0.4
	+6.4

	2
	-2
	6.8
	4
	1.2
	+5.6
	2
	0.9
	+5.9

	3
	-0.7
	6.8
	4
	1.5
	+5.3
	2
	1.2
	+5.6

	4
	0.3
	6.8
	2
	2.2
	+4.6
	2
	1.6
	+5.2

	5
	0.6
	6.8
	2
	2.8
	+4.0
	2
	2.4
	+4.4

	6
	1.2
	6.8
	2
	3.3
	+3.5
	2
	2.9
	+3.9

	7
	2
	6.8
	4
	3.7
	+3.1
	2
	3.3
	+3.5

	8
	2.7
	6.8
	2
	4.3
	+2.5
	2
	3.5
	+3.3

	9
	3.1
	6.8
	4
	4.9
	+1.9
	2
	4.1
	+2.7

	10
	3.4
	6.8
	4
	5.4
	+1.4
	2
	4.5
	+2.3

	11
	4
	6.8
	3
	5.9
	+0.9
	2
	4.9
	+1.9

	12
	4.6
	6.8
	2
	6.4
	+0.4
	2
	5.2
	+1.6


Table 4 AWGN Performance Comparison between PUCCH and Proposed Scheme (NACK=2)
3.3.2 P{ACK|DTX} and CQI BLER

When UE sends a CQI-only PUCCH after missing the downlink grant, it is possible for eNB to detect the positive ACK. The performance measurements under this condition are false-alarm probability P{ACK|DTX} and associated CQI BLER, which are given in Annex D of [1] for puncturing code design and Annex C in this contribution for extending code design. The observations on these results are: 

· For both puncturing and extending code designs, P{ACK|DTX} is generally lower than or very close to CQI BLER for most of chances. So when the CQI BLER is controlled to be lower than 1% target, P{ACK|DTX} would be very likely lower than its target, which is also 1%. 
· Both P{ACK|DTX} and CQI BLER prefer less puncturing and less extending.
It can be seen that, the extending code design generally outperforms the puncturing code design under AWGN channel, however, the latter one provides more available clean CQI RS for channel estimation. 
4 Solving Previous Issues with Joint Encoding
1) Performance issue and error rate target differentiation issue
Because of the application of subcoding and puncturing or extending, the joint encoding performance is no longer upper-bounded by the CQI-only performance given the same number of CQI bits. For a given number of CQI bits, the subcoding and puncturing/extending shift more coding gain to ACK/NACK than to CQI. Because the ACK/NACK has more strict error rate requirement, the approaches make it easy to balance PUCCH power when locking to the individual error rate requirement. Moreover, this balanced PUCCH power is, in most chances, lower than the one required by current PUCCH 2a/2b format.
2) DTX-related issue
In the proposed joint coding scheme, because ACK/NACK bits are fed into (20,A) block encoding after CQI bits and NACK bits are represented by logic “0”, if UE misses the downlink grant message and sends CQI-only PUCCH, the protection to probability of P{ACK|DTX} is guaranteed. Meanwhile, eNB can still decode CQI from the PUCCH. 
3) CQI repetition issue
Although CQI repetition [13] and ACK repetition [10]

 REF _Ref193271049 \r \h 
[11]

 REF _Ref193271050 \r \h 
[12] are still under discussion without any agreements, it is worthwhile to point out that, the proposed joint encoding method can work with these two kinds of repetition as long as the following condition is met for simple soft-combining of repeated signals:
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 5. For the transmission pattern in Fig 5 (a), all repeated joint encoded PUCCH’s 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 new block code (40+ NACK, NCQI + NACK), whose generator matrix is 
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 for puncturing code design, and a new block code (40+Nd+NACK, NCQI +NACK), whose generator matrix is 
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 for extending code design, where
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 is the equivalent generator matrix of (20,A), and 
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 is the generator matrix of subcoding. 
In Fig 5 (b), the overlapped joint encoded PUCCH’s corresponds to different ACK bits, which prevents the direct soft-combining and makes the joint decoding difficult, though sub-optimal decoding method is still available. Fortunately, such transmission pattern as in Fig 5 (b) can be avoided because all repetitions of ACK/NACK and CQI as well as the CQI report cycle can be controlled by the scheduling algorithm in eNB. 
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Fig 5 Compatibility with repetition of ACK/NACK and CQI
5 Conclusions

The two proposed joint coding schemes have features as following:

1) They solve all the previous design issues associated with joint encoding method for normal CP. 

2) Both support appropriate PUCCH capacity partition between ACK/NACK and CQI based on the actual number of each information bits as well as the error rate target.
3) Both outperform the current ACK/CQI transmission solution in most of the cases.

4) The puncturing code design unifies the encoding and decoding structure for both normal CP and extended CP.
5) The puncturing code design leaves PUCCH reference signals fully clean for channel estimation, and the extending code design can also save one CQI RS for pure channel estimation. Both methods maximize channel estimation performance and simplify the receiver implementation. The necessities for iterative estimation-demodulation and hypothesis testing with re-encoding/re-modulation are substantially reduced.
6) Both methods are compatible with the ACK/NACK repetition and/or CQI repetition that are still under RAN1 discussion. 
Therefore, it is proposed to choose the joint coding schemes from this contribution to transmit ACK/NACK and CQI information on PUCCH with normal CP.
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Annex A. ACK/NACK BER and CQI BLER under AWGN for joint encoding with puncturing
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Annex B. ACK/NACK BER and CQI BLER under AWGN for joint encoding with extending
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Annex C. AWGN Performance for false-alarm detection
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