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1 Introduction

At the last RAN meeting it was decided to include a combination of DC-HSDPA and MIMO in Rel-9 (see [1]). In this contribution we evaluate possible design choices for the HS-DPCCH for such a configuration. More specifically, we are interested in how to signal ACK/NACK and CQI related information. Several different signaling solutions are covered; for example the performance associated with using one or two HS-DPCCHs to convey the ACK/NACK information.
A common thread for all proposals is that they try to keep as much as possible of the existing control channel structure. 
2 Design choices
2.1 General aspects
In this section we will discuss the HS-DPCCH design for the combination of DC-HSDPA and MIMO (2 MIMO capable carriers). This topic has previously been discussed e.g. in [2]. One important aspect specified in the work item [1] is that solutions should take forward compatibility (>2 carriers) into consideration. Hence, before we focus on the Rel-9 combination of DC-HSDPA and MIMO (Sections 2.2 and 2.3) we present a more general discussion regarding multicarrier HS-DPCCH design choices. The objective is to keep the current structure of the HS-DPCCH. This means that A/N information is conveyed in the first slot (10 bits) and CQI related information in the last two slots (20 bits).

2.1.1 Number of HS-DPCCHs

One question is whether one or two HS-DPCCHs are required to convey the ACK/NACK and CQI information. Furthermore, when considering two HS-DPCCHs, the placement of the HS-DPCCHs can differ. In a scenario with one UL carrier the HS-DPCCHs use different channelization codes (code multiplexing), but in a scenario with two UL carriers the two HS-DPCCHs can be associated with different UL carriers instead (carrier multiplexing). One drawback with the latter approach (carrier multiplexing) is that special treatment is required in situations when one of the UL carriers is turned off. Also, when considering two HS-DPCCHs, the processing could be made: 
· Independent: In this case all A/N information is conveyed using two HS-DPCCHs where the HS-DPCCHs are treated independently of each other. This means that the A/N information is split between the two HS-DPCCHs. In this case we need length-10 codebooks in order to code the A/N information associated with each HS-DPCCH.
· Dependent: In this case all A/N information is conveyed using two HS-DPCCHs but the A/N coding is done jointly. This means that all A/N combinations are coded into 20 bits, where the first 10 bits are conveyed using the first HS-DPCCH and the last 10 bits are conveyed using the second HS-DPCCH. In this case we need to propose length-20 codebooks. This approach increases the performance since one uses codes with much better minimum distance properties. Furthermore, the detection performance is improved by considering longer codes. However, this implies that the receiver has to be modified in order to handle and benefit from the joint treatment.
2.1.2 Codebook flexibility

We believe that it is important to have a flexible enough codebook to avoid errors cases caused by, for example, miss-interpretation of an HS-SCCH order. Most importantly, we want to maintain consistent codebooks at the Tx and Rx sides. Two approaches are discussed here:

· Flexible approach: Given a certain configuration we keep the same codebook irrespectively of HS-SCCH orders; for example an order to turn of the second carrier. Changing a configuration should include higher-layer signalling. This approach which is completely robust to any signaling errors in HS-SCCH is referred to as a flexible approach.
· Robust approach: Compared to missing an HS-SCCH order, it is less dangerous to erroneously decode a MIMO HS-SCCH since this will not give rise to any inconsistencies between the Tx and Rx sides. Hence, we can explore that the likelihood to miss-interpret a single stream transmission with a dual stream transmission (or vice versa) is very low. Exploiting this fact makes it possible to reduce the number of ACK/NACK codewords since the Tx and Rx sides know whether they are processing a single or a dual stream transmission. This approach is referred to as a robust approach.
2.1.3 Power scaling

Depending on the HS-DPCCH design choice we might need different power scaling of the HS-DPCCH(s).

2.2 Using a single HS-DPCCH code
2.2.1 ACK/NACK design with flexible approach
This approach is completely robust to any signaling error in HS-SCCH, including rare errors like an HS-SCCH signaling one-stream MIMO being misinterpreted as a two-stream MIMO, or vice versa. We need a codebook containing 48 codewords (50 with PRE/POST configured) in order to cover all ACK/NACK combinations. A possible linear codebook with optimal minimal distance properties (equal to 3) is presented in Table 2. Please note that the legacy PRE/POST codewords can be used without changing the minimum distance property of the proposed codebook.
2.2.2 ACK/NACK design with robust approach
As mentioned previously we can exploit that the likelihood to miss-interpret a single stream transmission with a dual stream transmission (or vice versa) is very low in order to reduce the number of ACK/NACK codewords. The codewords needed in this case are listed in Table 3 (minimum distance equals 4 in this case). Note that some of the codewords have multiple meanings. For example, codeword #1 would mean AA when NodeB and UE agree that a two-stream transmission is used for carrier 1, and it would mean A when NodeB and UE agree that a one-stream transmission is used for carrier 1. In essence, codeword #1 acknowledges all the streams transmitted in carrier 1. Codewords #4, #5, and #8 are used in similar fashion.
In the case of HS-SCCH signaling one-stream in a carrier and two-stream in the other carrier, codewords #29-36 can have expanded meaning. For example, codeword #29 could signal A to the carrier that has one-stream transmission and AA to the carrier that has two-stream transmission. Since there is no ambiguity (with high probability) between Node B and UE about which carrier that has one-stream and which carrier that has two-stream the A/N signaling will be interpreted correctly. Note also that the legacy PRE/POST codewords can be used without changing the minimum distance property of the proposed codebook. With this approach, the number of codewords is reduced from 48 to 36, or from 50 to 38 if PRE and POST are used.
2.2.3 CQI design

One alternative to solve the CQI design problem in the case where a single HS-DPCCH use used is to time multiplex the PCI and CQI information associated with the two downlink carriers. The performance degradation due to increased CQI/PCI delay will depend on the Doppler spread (coherence time). For modest speeds smaller than 50 km/h the associated performance loss will be marginal. Each carrier would then use the Rel-7 MIMO HS-DPCCH structure to signal the PCI and CQI information; (20,10) coding for Type A reports and (20,7) coding for Type B reports; see Figure 1. This topic is discssued also in [3].
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Figure 1: HS-DPCCH design using 1 channelization code for 2 MIMO capable carriers.

2.3 Using two HS-DPCCH codes
One alternative to split the ACK/NACK information between the two HS-DPCCHs is to associate the first downlink carrier with the first HS-DPCCH and the second downlink carrier with the second HS-DPCCH. This section will consider the following alternative designs:

1. Independent ACK/NACK design with flexible approach

2. Independent ACK/NACK design with robust approach

3. Dependent ACK/NACK design with flexible approach

4. Dependent ACK/NACK design with robust approach

In the “dependent” ACK/NACK designs we code all A/N information using a length-20 code, where the first 10 bits are conveyed using the first HS-DPCCH and the last 10 bits are conveyed using the second HS-DPCCH.

2.3.1 Independent ACK/NACK design with flexible approach
We need a codebook containing 8 codewords (including PRE and POST). Although the Rel-7 MIMO codebook (minimum distance equals 3) can be reused for coding the A/N information for each carrier one could also consider an optimal linear codebook with minimum distance 5. An example of the latter is presented in Table 1. Note that the legacy PRE/POST codewords can be used without changing the minimum distance property of the proposed codebook.

Table 1 Mapping between asn A/N indication and a codeword.

	Codeword
	A/N indication
	Length-10 codewords

	1
	A
	1     0     0     0     1     1     0     0     0     1 

	2
	N
	1     1     1     0     0     0     0     1     1     1

	3
	AA
	     1     0     0     1     1     0     1     1     1     1

	4
	AN
	     1     1     1     1     0     1     1     0     0     1

	5
	NA
	     0     1     0     1     1     1     1     0     1     0

	6
	NN
	     0     0     1     1     0     0     1     1     0     0


2.3.2 Independent ACK/NACK design with robust approach

As mentioned previously we can explore that the likelihood to miss-interpret a single stream transmission with a dual stream transmission (or vice versa) is very low in order to reduce the number of ACK/NACK codewords. This allows us to remove codewords 3 and 6 in Table 1 above. Codeword #1 could mean AA when NodeB and UE both agree that a two-stream transmission is used, and it could mean A when NodeB and UE both agree that a one-stream transmission is used. Codeword #2 could mean NN when NodeB and UE both agree that a two-stream transmission is used, and it could mean N when NodeB and UE both agree that a one-stream transmission is used.
2.3.3 Dependent ACK/NACK design with flexible approach
An optimal linear codebook with 50 codewords has a minimum distance of 8 for length-20 codes. The codebook can be found in Table 4. To preserve the minimum distance property of the codebook when POST/PRE operation is configured, we need to introduce new codewords for POST and PRE, e.g.
PRE = [1     1     0     0     0     0     0     0     1     1     1     0     0     1     0     0     0     0     1     1]

POST = [1     1     0     0     0     1     0     0     0     1     0     0     1     1     0     1     0     1     0     0]
2.3.4 Dependent ACK/NACK design with robust approach

An optimal linear codebook with 36 codewords has a minimum distance of 10 for length-20 codes. The codebook is presented in Table 5.
2.3.5 CQI design

One alternative is to associate the CQI and PCI information for each carrier with one HS-DPCCH. Each carrier would then use the Rel-7 MIMO HS-DPCCH structure to signal the PCI and CQI information; (20,10) coding for Type A reports and (20,7) coding for Type B reports; see Figure 2. This topic is discussed further in [3].
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Figure 2: HS-DPCCH design using 2 channelization codes for 2 MIMO capable carriers and an independent ACK/NACK design.
3 ACK/NACK Performance Evaluation
To evaluate the performance of the different ACK/NACK signaling solutions we consider an AWGN scenario with a maximum likelihood sequence detector at the Rx side. Consequently, the received signal is correlated with all possible code words and the maximum metric determines the candidate code word. Furthermore, a candidate code work is only considered to be a valid code when the maximum metric exceeds a detection threshold T (otherwise the transmission is considered to be a DTX). The threshold T is assumed to be proportional to the noise variance, and the proportional constant is determined by assuming a fixed false alarm probability PFA. Here we design T to have a false alarm probability (PFA) = 0.01, and we assume that we have perfect knowledge of the noise variance. The threshold T may be different for different ACK/NACK setups since it depends on the code length and the number of code words in the codebook.
3.1 ACK/NACK solutions
We will evaluate the ACK/NACK performance for the following signaling solutions:

· S1 – In this is method one HS-DPCCH code is used in combination with the flexible approach (48 codewords).

· S2 – In this method one HS-DPCCH code is used in combination with the robust approach (36 codewords).

· S3a – In this method independent HS-DPCCHs are used and in combination with the flexible approach (6 codewords). In this case we use the Rel-7 MIMO codebook (minimum distance equals 3).

· S3b – This method is the independent ACK/NACK design with flexible approach (6 codewords) 
· S4 – This method is the independent ACK/NACK design with robust approach (4 codewords).

· S5 – This method is the dependent ACK/NACK design with flexible approach (48 codewords). Please note that we use length-20 codes in this case.

· S6 – This method is the dependent ACK/NACK design with robust approach (36 codewords). Please note that we use length-20 codes in this case.
3.2 Error events

The following error events are considered:

· False alarm probability (PFA): The probability that the detector determines a valid codeword even though there was no signal transmitted (DTX).

· Miss detection probability (PMD): The probability that the detector declares that there was no signal (DTX) even though there was a valid code word transmitted.

· Error probability (PE): The probability that the detector declares DTX or finds the wrong code word given that a transmission has occurred.

3.3 Results

All results are found in Figure 3 - Figure 7. We show the following performance measures: detection performance, codebook performance, total performance (a combination of detection errors and codebook errors), and performance given detection. Some important conclusions are listed below. Note also that a more detailed anaysis of the results is presented in the appendix.
· The Eb/N0 difference between one HS-DPCCH (S1 and S2) and two independent HS-DPCCHs (S3a, S3b and S4) is roughly 1dB. Note, though, that using 2 HS-DPCCHs requires 3dB more power compared to using 1 HS-DPCCH. Also, when we code multiplex the HS-DPCCHs there is a PAPR penalty associated with using 2 HS-DPCCHs. Hence, the gain by using one HS-DPCCH instead of two independent HS-DPCCHs is in the order of 3dB - 1dB + a PAPR backoff.
· The Eb/N0 difference between length-20 (S5 and S6) and length-10 codes (S1 and S2) of same dimension is roughly 3dB. Note, though, that a length-20 code has twice the number of coded bits compared to a length-10 code. Hence, in that respect the total required A/N power is the same for the two code proposals. However, since we get a PAPR penalty by using two code multiplexed HS-DPCCHs to convey the A/N information, it is more power efficient to use one HS-DPCCH and length-10 codes compared to using two code multiplexed HS-DPCCHs and length-20 codes.

· There is a significant gain by using length-20 codes (S5 and S6) instead of length-10 codes (S3a, S3b and S4) when using 2 HS-DPCCHs. The difference is in the order of 2dB.

· The difference in performance between the flexible approach and the robust approach is small. However, at low error probabilities there is a small gain by using codebooks with less codewords. 
4 Conclusions
In this contribution we have discussed possible HS-DPCCH designs for the combination of DC-HSDPA and MIMO (2 MIMO capable carriers). Some of the conclusions follow below:

· By means of link level simulations we conclude that the most power efficient of conveying the A/N is to use 1 HS-DPCCH for the combination of DC-HSDPA and MIMO to convey the A/N information for the combination of DC-HSDPA and MIMO. 
· From an A/N performance point of view the best alternative is to use one HS-DPCCH to convey the A/N information. Two different solutions for this alternative have been outlined; the flexible approach and the robust approach. Both of these solutions are simple and robust against miss-interpreting HS-SCCH orders.
· From a CQI performance point of view it has been shown earlier that sufficiently good performance is maintained by increasing the CQI feedback cycle by two.
· The A/N performance difference between the legacy Rel-5 solution and using one HS-DPCCH is in the order of 2dB. This corresponds to a power setting difference of 1 (the quantization step in power signalling is 2dB).
Based on these observations it is proposed to map the feedback information to a single HS-DPCCH code by extending the ACK/NACK codebook, e.g. in accordance with one of the two approaches described in this contribution, and to apply time multiplexing of the CQI/PCI information for the two carriers.
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6 Appendix

6.1 Plots of ACK/NACK simulation results
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Figure 3: Missed detection.
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Figure 4: Total error probability.
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Figure 5: Error probabilities given detection.
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Figure 6: Codebook performance – error probability given that no DTX detection is used.
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Figure 7: Total error probabilities for optimal linear codes of length 10 and various dimensions (m=1-7). The maximum number of code words, K=2m, is used in each scenario.

6.2 Detailed analysis of ACK/NACK simulation results

Here we give a more detailed analysis of the results obtained in Section 3:

· Note that the figures show results as a function of Eb/N0 (coded bit energy). Hence, when comparing results it is important to remember that length-20 codes has twice the number of coded bits compared to length-10 codes. Similarly, it follows that 2 HS-DPCCHs uses twice the number of coded bits compared to 1 HS-DPCH (3dB more power).

· For all scenarios it seems as it is the detection performance that limits the total performance. For very small error probabilities, however, one can see cases where the detection performance and the total performance start to deviate. 

· The Eb/N0 difference between one HS-DPCCH (S1 and S2) and two independent HS-DPCCHs (S3a, S3b and S4) is roughly 1dB. Note, though, that using 2 HS-DPCCHs requires 3dB more power compared to using 1 HS-DPCCH. Also, when code multiplexing the HS-DPCCHs there is a PAPR penalty associated with using 2 HS-DPCCHs. This PAPR penalty does not exist when the HS-DPCCHs are carrier multiplexed. Hence, the gain by using one HS-DPCCH instead of two independent HS-DPCCHs is in the order of 3dB - 1dB + a PAPR backoff.

· The Eb/N0 difference between length-20 (S5 and S6) and length-10 codes (S1 and S2) of same dimension is roughly 3dB. Note, though, that a length-20 code has twice the number of coded bits compared to a length-10 code. Hence, in that respect the total required A/N power is the same for the two code proposals. However, since we get a PAPR penalty by using two code multiplexed HS-DPCCHs to convey the A/N information, it is more power efficient to use one HS-DPCCH and length-10 codes compared to using two HS-DPCCHs and length-20 codes. Once again, note that this PAPR penalty does not exist when we use carrier multiplexing of the HS-DPCCHs.

· There is a significant gain by using length-20 codes (S5 and S6) instead of length-10 codes (S3a, S3b and S4) when using 2 HS-DPCCHs. The difference is in the order of 2dB.

· The difference in performance between the flexible approach and the robust approach is small. However, at low error probabilities there is a small gain by using codebooks with less codewords.
· Error! Reference source not found. shows the performance of using optimal linear codebooks of various dimensions (1-7). Dimension 1 corresponds to the legacy Rel-6 A/N codebook. By comparing the performance of the dimension 1 codebook and using 1 HS-DPCCH (S1 and S2), it is seen that we require roughly 2dB more power to keep the same performance. This corresponds to an A/N power setting difference of 1 (the quantization step in power signalling is 2dB).

· Note that some of the conclusions above would be different if the PRE/POST functionality was configured, since then the detection performance is significantly enhanced. In that case it is beneficial to use codebooks with good minimum distance properties.

6.3 Codebooks
Table 2: Mapping between A/N indication and codeword.
	Comment
	Carrier 1
	Carrier 2
	Codeword

	
	A
	DTX
	1     0     1     1     0     1     1     1     0     0

	
	N
	DTX
	     1     0     1     1     0     0     0     0     0     1

	
	AA
	DTX
	     1     0     1     1     1     1     0     0     1     0

	
	AN
	DTX
	     1     0     1     1     1     0     1     1     1     1

	
	NA
	DTX
	     1     0     1     0     0     1     0     1     1     1

	1 carrier
	NN
	DTX
	     1     0     1     0     0     0     1     0     1     0

	active
	DTX
	A
	     1     0     1     0     1     1     1     0     0     1

	
	DTX
	N
	     1     0     1     0     1     0     0     1     0     0

	
	DTX
	AA
	     1     0     0     1     0     1     1     1     1     1

	
	DTX
	AN
	     1     0     0     1     0     0     0     0     1     0

	
	DTX
	NA
	     1     0     0     1     1     1     0     0     0     1

	
	DTX
	NN
	     1     0     0     1     1     0     1     1     0     0

	
	A
	A
	     1     0     0     0     0     1     0     1     0     0

	2 carriers
	A
	N
	     1     0     0     0     0     0     1     0     0     1

	1+1 streams
	N
	A
	     1     0     0     0     1     1     1     0     1     0

	
	N
	N
	     1     0     0     0     1     0     0     1     1     1

	
	AA
	A
	     1     1     1     1     0     1     1     0     1     0

	
	AA
	N
	     1     1     1     1     0     0     0     1     1     1

	
	AN
	A
	     1     1     1     1     1     1     0     1     0     0

	
	AN
	N
	     1     1     1     1     1     0     1     0     0     1

	
	NA
	A
	     1     1     1     0     0     1     0     0     0     1

	
	NA
	N
	     1     1     1     0     0     0     1     1     0     0

	
	NN
	A
	     1     1     1     0     1     1     1     1     1     1

	2 carriers
	NN
	N
	     1     1     1     0     1     0     0     0     1     0

	1+2 streams
	A
	AA
	     1     1     0     1     0     1     1     0     0     1

	
	N
	AA
	     1     1     0     1     0     0     0     1     0     0

	
	A
	AN
	     1     1     0     1     1     1     0     1     1     1

	
	N
	AN
	     1     1     0     1     1     0     1     0     1     0

	
	A
	NA
	     1     1     0     0     0     1     0     0     1     0

	
	N
	NA
	     1     1     0     0     0     0     1     1     1     1

	
	A
	NN
	     1     1     0     0     1     1     1     1     0     0

	
	N
	NN
	     1     1     0     0     1     0     0     0     0     1

	
	AA
	AA
	     0     0     1     1     0     1     1     0     0     1

	
	AA
	AN
	     0     0     1     1     0     0     0     1     0     0

	
	AA
	NA
	     0     0     1     1     1     1     0     1     1     1

	
	AA
	NN
	     0     0     1     1     1     0     1     0     1     0

	
	AN
	AA
	     0     0     1     0     0     0     1     1     1     1

	
	AN
	AN
	     0     0     1     0     1     1     1     1     0     0

	
	AN
	NA
	     0     0     1     0     1     0     0     0     0     1

	2 carriers
	AN
	NN
	     0     0     0     1     0     1     1     0     1     0

	2+2 streams
	NA
	AA
	     0     0     0     1     0     0     0     1     1     1

	
	NA
	AN
	     0     0     0     1     1     1     0     1     0     0

	
	NA
	NA
	     0     0     0     1     1     0     1     0     0     1

	
	NA
	NN
	     0     0     0     0     0     1     0     0     0     1

	
	NN
	AA
	     0     0     0     0     0     0     1     1     0     0

	
	NN
	AN
	     0     0     0     0     1     1     1     1     1     1

	
	NN
	NA
	     0     0     0     0     1     0     0     0     1     0

	
	NN
	NN
	     0     1     1     1     0     1     1     1     1     1


Table 3
: Mapping between A/N indicator and codeword.

	Comment
	Carrier 1
	Carrier 2
	Codewords

	
	AA or A
	DTX
	0 1 1 1 1 0 1 0 1 1*

	
	AN
	DTX
	0 0 0 1 1 0 1 1 0 1

	
	NA
	DTX
	1 1 0 0 1 0 1 0 0 1

	1 carrier
	NN or N
	DTX
	0 0 1 0 1 0 0 0 0 1*

	active
	DTX
	 AA or A
	1 0 0 1 1 1 0 0 0 1*

	
	DTX
	AN
	1 0 1 0 0 1 1 0 0 1

	
	DTX
	NA
	1 0 1 1 0 0 0 0 0 0

	
	DTX
	NN or N
	1 0 1 1 1 1 1 0 1 0*

	
	A
	A
	1 0 1 1 0 0 1 1 1 1

	2 carriers
	A
	N
	1 1 1 1 1 0 1 1 0 0

	1+1 streams
	N
	A
	0 0 0 0 1 1 1 0 0 0

	
	N
	N
	1 0 0 0 0 0 0 0 1 1

	
	AA
	AA
	1 0 1 0 1 1 0 1 0 0

	
	AA
	AN
	1 1 1 1 0 1 0 0 1 1

	
	AA
	NA
	0 0 1 1 0 1 1 1 0 0

	
	AA
	NN
	1 1 0 1 0 0 1 0 1 0

	
	AN
	AA
	0 0 1 0 1 0 1 1 1 0

	
	AN
	AN
	1 1 0 1 1 0 0 1 1 1

	
	AN
	NA
	0 1 1 0 1 1 1 1 0 1

	2 carriers
	AN
	NN
	0 1 0 1 0 0 0 0 0 1

	2+2 streams
	NA
	AA
	1 1 1 0 0 0 0 1 0 1

	
	NA
	AN
	0 1 1 1 1 1 0 0 0 0

	
	NA
	NA
	0 0 0 1 0 1 1 0 1 1

	
	NA
	NN
	1 0 0 0 0 0 1 1 0 0

	
	NN
	AA
	1 1 1 0 1 0 0 0 1 0

	
	NN
	AN
	0 0 1 1 1 1 0 1 1 1

	
	NN
	NA
	1 1 0 1 0 1 1 1 0 1

	
	NN
	NN
	0 1 1 0 0 0 1 0 0 0

	
	Carrier with one-stream
	Carrier with two-stream
	

	2 carriers
	A
	AA
	0 0 0 1 1 0 0 0 1 0*

	1+2 streams
	N
	AA
	1 0 0 0 1 1 1 1 1 1*

	
	A
	AN
	1 0 0 1 0 1 0 1 1 0*

	
	N
	AN
	1 1 1 0 0 1 1 1 1 0*

	
	A
	NA
	0 1 1 1 0 0 0 1 1 0*

	
	N
	NA
	0 1 0 1 1 1 1 1 1 0*

	
	A
	NN
	0 1 0 0 0 0 1 1 1 1*

	
	N
	NN
	0 1 0 0 1 1 0 0 1 1*

	* codeword has multiple meanings


Table 4
: Mapping between A/N indication and codeword.
	Comment
	Carrier 1
	Carrier 2
	Codeword

	
	A
	DTX
	0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0

	
	N
	DTX
	0     0     0     0     0     1     0     0     1     0     1     0     1     0     0     1     0     1     1     1

	
	AA
	DTX
	0     0     0     0     1     0     0     0     1     1     0     1     1     1     0     0     0     1     1     0

	
	AN
	DTX
	0     0     0     0     1     1     0     0     0     1     1     1     0     1     0     1     0     0     0     1

	
	NA
	DTX
	0     0     0     1     0     0     0     0     0     0     1     1     0     1     1     0     0     1     1     1

	1 carrier
	NN
	DTX
	0     0     0     1     0     1     0     0     1     0     0     1     1     1     1     1     0     0     0     0

	active
	DTX
	A
	0     0     0     1     1     0     0     0     1     1     1     0     1     0     1     0     0     0     0     1

	
	DTX
	N
	0     0     0     1     1     1     0     0     0     1     0     0     0     0     1     1     0     1     1     0

	
	DTX
	AA
	0     0     1     0     0     0     0     0     0     1     1     0     1     1     0     0     1     1     0     1

	
	DTX
	AN
	0     0     1     0     0     1     0     0     1     1     0     0     0     1     0     1     1     0     1     0

	
	DTX
	NA
	0     0     1     0     1     0     0     0     1     0     1     1     0     0     0     0     1     0     1     1

	
	DTX
	NN
	0     0     1     0     1     1     0     0     0     0     0     1     1     0     0     1     1     1     0     0

	
	A
	A
	0     0     1     1     0     0     0     0     0     1     0     1     1     0     1     0     1     0     1     0

	2 carriers
	A
	N
	0     0     1     1     0     1     0     0     1     1     1     1     0     0     1     1     1     1     0     1

	1+1 streams
	N
	A
	0     0     1     1     1     0     0     0     1     0     0     0     0     1     1     0     1     1     0     0

	
	N
	N
	0     0     1     1     1     1     0     0     0     0     1     0     1     1     1     1     1     0     1     1

	
	AA
	A
	0     1     0     0     0     0     0     0     1     1     0     1     1     0     0     1     1     0     0     1

	
	AA
	N
	0     1     0     0     0     1     0     0     0     1     1     1     0     0     0     0     1     1     1     0

	
	AN
	A
	0     1     0     0     1     0     0     0     0     0     0     0     0     1     0     1     1     1     1     1

	
	AN
	N
	0     1     0     0     1     1     0     0     1     0     1     0     1     1     0     0     1     0     0     0

	
	NA
	A
	0     1     0     1     0     0     0     0     1     1     1     0     1     1     1     1     1     1     1     0

	
	NA
	N
	0     1     0     1     0     1     0     0     0     1     0     0     0     1     1     0     1     0     0     1

	
	NN
	A
	0     1     0     1     1     0     0     0     0     0     1     1     0     0     1     1     1     0     0     0

	2 carriers
	NN
	N
	0     1     0     1     1     1     0     0     1     0     0     1     1     0     1     0     1     1     1     1

	1+2 streams
	A
	AA
	0     1     1     0     0     0     0     0     1     0     1     1     0     1     0     1     0     1     0     0

	
	N
	AA
	0     1     1     0     0     1     0     0     0     0     0     1     1     1     0     0     0     0     1     1

	
	A
	AN
	0     1     1     0     1     0     0     0     0     1     1     0     1     0     0     1     0     0     1     0

	
	N
	AN
	0     1     1     0     1     1     0     0     1     1     0     0     0     0     0     0     0     1     0     1

	
	A
	NA
	0     1     1     1     0     0     0     0     1     0     0     0     0     0     1     1     0     0     1     1

	
	N
	NA
	0     1     1     1     0     1     0     0     0     0     1     0     1     0     1     0     0     1     0     0

	
	A
	NN
	0     1     1     1     1     0     0     0     0     1     0     1     1     1     1     1     0     1     0     1

	
	N
	NN
	0     1     1     1     1     1     0     0     1     1     1     1     0     1     1     0     0     0     1     0

	
	AA
	AA
	1     0     0     0     0     0     0     0     0     0     1     1     1     1     0     1     1     0     1     0

	
	AA
	AN
	1     0     0     0     0     1     0     0     1     0     0     1     0     1     0     0     1     1     0     1

	
	AA
	NA
	1     0     0     0     1     0     0     0     1     1     1     0     0     0     0     1     1     1     0     0

	
	AA
	NN
	1     0     0     0     1     1     0     0     0     1     0     0     1     0     0     0     1     0     1     1

	
	AN
	AA
	1     0     0     1     0     0     0     0     0     0     0     0     1     0     1     1     1     1     0     1

	
	AN
	AN
	1     0     0     1     0     1     0     0     1     0     1     0     0     0     1     0     1     0     1     0

	
	AN
	NA
	1     0     0     1     1     0     0     0     1     1     0     1     0     1     1     1     1     0     1     1

	2 carriers
	AN
	NN
	1     0     0     1     1     1     0     0     0     1     1     1     1     1     1     0     1     1     0     0

	2+2 streams
	NA
	AA
	1     0     1     0     0     0     0     0     0     1     0     1     0     0     0     1     0     1     1     1

	
	NA
	AN
	1     0     1     0     0     1     0     0     1     1     1     1     1     0     0     0     0     0     0     0

	
	NA
	NA
	1     0     1     0     1     0     0     0     1     0     0     0     1     1     0     1     0     0     0     1

	
	NA
	NN
	1     0     1     0     1     1     0     0     0     0     1     0     0     1     0     0     0     1     1     0

	
	NN
	AA
	1     0     1     1     0     0     0     0     0     1     1     0     0     1     1     1     0     0     0     0

	
	NN
	AN
	1     0     1     1     0     1     0     0     1     1     0     0     1     1     1     0     0     1     1     1

	
	NN
	NA
	1     0     1     1     1     0     0     0     1     0     1     1     1     0     1     1     0     1     1     0

	
	NN
	NN
	1     0     1     1     1     1     0     0     0     0     0     1     0     0     1     0     0     0     0     1


Table 5
: Mapping between A/N indicator and codeword.

	Comment
	Carrier 1
	Carrier 2
	Codewords

	
	AA or A
	DTX
	1 1 1 0 0 0 1 0 1 0 1 0 0 0 1 0 1 1 1 0*

	
	AN
	DTX
	1 0 0 0 1 0 0 0 1 0 0 1 1 1 0 0 1 1 0 0

	
	NA
	DTX
	1 0 1 1 1 1 0 1 1 0 0 0 0 0 1 1 1 1 0 1

	1 carrier
	NN or N
	DTX
	1 1 1 0 0 1 1 1 0 0 0 0 1 1 0 0 0 1 0 1*

	active
	DTX
	 AA or A
	1 1 0 0 0 0 0 0 0 1 0 0 1 0 1 1 1 0 0 1*

	
	DTX
	AN
	1 1 0 1 1 1 0 0 1 1 1 0 1 0 0 0 0 1 1 1

	
	DTX
	NA
	1 1 0 1 0 1 1 1 1 0 1 1 1 0 0 1 1 0 0 0

	
	DTX
	NN or N
	1 0 0 1 0 0 1 0 0 0 0 1 0 0 0 1 0 1 1 1*

	
	A
	A
	1 1 1 1 1 0 1 0 1 1 0 0 0 1 0 1 0 0 0 0

	2 carriers
	A
	N
	1 0 0 0 1 0 1 1 1 0 1 0 1 1 1 1 0 0 1 1

	1+1 streams
	N
	A
	1 1 1 1 1 0 0 1 0 0 0 1 1 0 1 0 0 0 1 0

	
	N
	N
	1 0 0 0 1 1 1 1 0 1 0 0 0 0 0 0 1 0 1 0

	
	AA
	AA
	1 0 1 1 0 0 0 1 0 1 1 0 1 1 0 1 1 1 1 0

	
	AA
	AN
	1 0 1 0 1 1 1 0 0 1 1 1 1 0 1 1 0 1 0 0

	
	AA
	NA
	1 0 1 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 1

	
	AA
	NN
	1 1 1 0 1 1 0 0 0 0 1 1 0 1 0 1 1 0 1 1

	
	AN
	AA
	1 1 0 0 0 1 0 1 1 1 0 1 0 1 1 1 0 1 1 0

	
	AN
	AN
	1 0 0 1 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0

	
	AN
	NA
	1 0 1 1 0 1 1 0 1 1 0 1 1 1 1 0 1 0 1 1

	2 carriers
	AN
	NN
	1 1 0 1 1 0 1 1 0 1 1 1 0 1 1 0 1 1 0 1

	2+2 streams
	NA
	AA
	0 0 0 1 1 1 0 1 0 1 0 1 1 1 0 1 0 0 0 1

	
	NA
	AN
	0 1 1 1 0 1 1 1 0 1 1 0 0 0 1 1 0 0 1 1

	
	NA
	NA
	0 1 0 0 0 0 1 0 0 1 1 1 1 1 0 0 0 0 1 0

	
	NA
	NN
	0 0 0 1 1 0 0 0 1 1 1 1 0 0 1 1 1 0 1 0

	
	NN
	AA
	0 0 1 1 1 1 1 1 1 0 1 1 0 1 0 0 0 1 1 0

	
	NN
	AN
	0 0 1 0 0 0 1 1 0 0 0 1 0 1 1 1 1 0 0 0

	
	NN
	NA
	0 0 1 0 1 0 0 0 0 1 0 0 0 1 1 0 0 1 1 1

	
	NN
	NN
	0 1 1 0 1 1 0 1 1 1 1 0 1 1 1 0 1 0 0 0

	
	Carrier with one-stream
	Carrier with two-stream
	

	2 carriers
	A
	AA
	0 0 0 0 0 1 0 1 0 0 1 1 1 0 1 0 1 1 1 1*

	1+2 streams
	N
	AA
	0 1 1 1 0 1 0 0 0 1 0 1 0 0 0 0 1 1 0 0*

	
	A
	AN
	0 0 0 0 0 1 1 0 1 1 1 0 0 1 0 1 1 1 0 1*

	
	N
	AN
	0 1 1 1 0 0 0 0 1 0 1 1 1 1 1 1 0 1 0 1*

	
	A
	NA
	0 1 0 0 1 1 1 0 1 0 0 1 0 0 1 0 0 0 0 1*

	
	N
	NA
	0 1 0 1 0 0 0 1 1 0 0 0 0 1 0 0 1 0 1 1*

	
	A
	NN
	0 1 0 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 0*

	
	N
	NN
	0 0 0 1 0 0 1 1 1 1 0 0 1 0 1 0 0 1 0 0*

	* codeword has multiple meanings
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