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1. Introduction

In RAN1 #61bis meeting, the following was agreed as A/N multiplexing schemes for FDD and TDD;
· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection
· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM 

Based on above agreements, we discuss A/N codebook details both for channel selection and DFT-S-OFDM format. The main discussion points will be;
· A/N codebook adaptation
· A/N codebook details
2. ACK/NACK Codebook Adaptation
As discussed in [1][2][3], A/N codebook adaptation can be categorized as follows;
· Fast codebook adaptation
· Based on the number of detected PDCCHs
· Based on the number of DL CCs activated by MAC signalling
· Slow codebook adaptation
· Based on the number of DL CCs configured by RRC signalling
For fast codebook adaptation, misunderstanding between eNB and UE might be more frequent, which would result in severe HARQ buffer corruption. The eNB should perform frequent blind decoding to solve the problem, which is not desirable at all in complexity point of view. Even though, the reliability might be unclear as well.
For the basis on the number of DL CCs configured by RRC signalling in slow codebook adaptation, the timing uncertainty will be less frequent compared to fast codebook adaptation. The RRC-level timing uncertainty can be effectively handled by eNB implementation as in Rel-8/9 if the PUCCH resources are assigned based on RRC signalling. The same principle can be adopted both for channel selection and for DFT-S-OFDM format. Moreover, the A/N performances between slow codebook and RRC-based fast codebook adaptation are not so different [1]. 
The A/N feedback for the codewords in a DL CC should be also considered since the transmission mode (TM) for each DL CC will be independently configured by RRC signalling. In Rel-8/9 FDD, the A/N feedback for one and two codewords is done by PUCCH format 1a and 1b, respectively. The PUCCH format between 1a and 1b can be dynamically changed depending on indicated the number of layers in DCI contents. For example, for TM3 which is open-loop spatial multiplexing, the maximum codewords are two. The A/N feedback for the codeword(s) including DTX state can be effectively sent to eNB without A/N codebook uncertainty.

On the other hands, in carrier aggregation, there might be two possible scenarios for A/N codebook adaptation. One is A/N codebook size is determined by the number of configured DL CCs and by the maximum number of codewords from its transmission mode. The other is A/N codebook size is determined by the number of configured DL CCs and by the given number of codewords from DCI. The latter case obviously results in a codebook size misunderstanding between eNB and UE. As shown in Figure 1, if a UE missed PDCCH for either DL PCell or SCell, a UE is not aware of actual A/N codebook size when the codebook size is varying according to indicated PMI in DCI format. Therefore, the former case which does not have an ambiguity in a given configuration seems to be desirable.
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Figure 1 An example of timing uncertainty in case the codebook size is varying according to indicated PMI in DCI format (2 DL CC configuration, each DL CC is configured as TM3 and rank2-PMI is given in DCI)
Proposal 1: The A/N codebook size is determined both by the number of configured DL CCs and by the maximum number of codewords from a configured transmission mode in each DL CC.
3. Details on ACK/NACK Codebook
3.1 Explicit DTX signalling

First of all, we discuss whether to support explicit DTX signalling for each DL CC or not. The DTX signalling is fully supported by means of PUCCH signal existence in Rel-8/9 FDD, and it is partially supported by A/N mapping table in TDD A/N multiplexing scheme. To support explicit DTX signalling may have a trade-off between DL throughput and UL A/N performance. Information of explicit DTX state can be utilized at eNB for HARQ operation, but it can increase the number of required A/N information states. 
In view of UL A/N performance, due to non-binary A/N codebook with supporting explicit DTX, even a single A/N bit error will propagate to other A/N information, which requires additional handling and results in more specification efforts. In order to keep binary A/N codebook to prevent error propagation, the DTX bit for each PDCCH should be explicit reserved in the codebook. However, it will give a negative impact on A/N performance due to increased A/N information. Also, the benefit of DL throughput for explicit DTX with realistic modelling for A/N feedback of non-binary codebook has not been clear yet. However, as discussed in [5][6], a DTX compression like DTX bundling (ie. 1 bit) can be further considered in TDD if some benefits can be found.
Proposal 2: The individual explicit DTX signalling for each DL CC is not supported unless a significant DL throughput gain is shown.
3.2 A/N codebook for DFT-S-OFDM format
Without supporting explicit DTX signalling, a simple method would be that ACK is mapped to ‘1’ and NACK/DTX is mapped to ‘0’ [4]. The A/N performance for this had been exhaustively evaluated in RAN1 61bis meeting. 
Proposal 3: A simple binary A/N codebook is proposed. ACK is mapped to ‘1’ and NACK/DTX is mapped to ‘0’.
3.3 A/N codebook for channel selection
Without supporting explicit DTX signalling, the A/N codebook as shown in [4] can be a baseline, which showed good A/N performances from 2 to 4 A/N bits. Since one main reason to adopt channel selection as CA PUCCH was good performances from 2 to 4 A/N bits based on the simulation assumption [4] from several companies, to change A/N codebook should show the better performance than the A/N codebook in [4].
On the other hands, the abnormal A/N performances [7][8] were found with 3 bit A/N codebook in [4]. In other words, the required SNR for 3bit A/N is higher than that for 4bit A/N. The tendency depends on the receiver algorithm. The abnormal case can be found with joint ML detector using both RS and data while that phenomenon is not found with normal detector after channel estimation. The detailed explanation of Rx detectors can be found in Annex A. For comparison, we modified the 3 bit A/N codebook using 3 PUCCH resources to reduce Pr(NACK->ACK) for comparison.

Table 1 Modified 3 A/N bits for evaluation
	
	Ch1
	Ch2
	Ch3

	
	RS
	Data
	RS
	Data
	RS
	Data

	N, N, N
	1
	1
	0
	0
	0
	0

	N, N, A
	1
	-j
	0
	0
	0
	0

	N, A, N
	1
	j
	0
	0
	0
	0

	N, A, A
	0
	0
	0
	0
	1
	1

	A, N, N
	0
	0
	1
	1
	0
	0

	A, N, A
	0
	0
	1
	-j
	0
	0

	A, A, N
	0
	0
	1
	j
	0
	0

	A, A, A
	0
	0
	0
	0
	1
	-1


From Figure 2 to Figure 4, the A/N performances of required SNR are shown by using joint ML detector and normal detector under various channel conditions. Each link level curve is also given in Annex B. From the evaluations, we observe that;

· The joint ML detector outperforms normal detector in all the cases except for 3 A/N bits with the codebook in simulation assumptions [4].

· The proposed 3 bit A/N codebook with using three PUCCH resources outperforms the baseline for all Rx detectors. Also, no abnormal phenomenon is found.
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(a) Joint ML detector                                                      (b) Normal detector
Figure 2 EPA5Hz, 10MHz BW
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(a) Joint ML detector                                                      (b) Normal detector
Figure 3 ETU5Hz, 5MHz BW
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(a) Joint ML detector                                                      (b) Normal detector
Figure 4 ETU250Hz, 5MHz BW
Proposal 4: The agreed simulation assumption in [4] is a baseline as A/N codebook for channel selection. FFS for further optimization for 3 A/N bits.
4. Conclusions
In this contribution, we discuss the aspect on A/N codebook design in carrier aggregation. As a conclusion, we summarize our view below;
· Proposal 1: The A/N codebook size is determined both by the number of configured DL CCs and by the maximum number of codewords from a configured transmission mode in each DL CC.
· Proposal 2: The individual explicit DTX signalling for each DL CC is not supported unless a significant DL throughput gain is shown.
· Proposal 3: A simple binary A/N codebook is proposed. ACK is mapped to ‘1’ and NACK/DTX is mapped to ‘0’.
· Proposal 4: The agreed simulation assumption in [4] is a baseline as A/N codebook for channel selection. FFS for further optimization for 3 A/N bits.
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Annex A. Simulation Assumptions
The basic simulation assumptions in [4] were adopted in this contribution. We applied the following definition for Rx false alarm detection threshold as;
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The remaining simulation assumptions are listed in Table 2. We defined two types of A/N detector;

· Joint ML detector

· A/N information is detected using both RS and data symbol jointly as explained in [7].

· Normal detector

· A/N information is detected after channel estimation from RS symbols.

Table 2 Link level simulation assumptions
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	5MHz for ETU, 10MHz for EPA

	Channel model
	ETU5Hz, ETU250Hz, EPA5Hz

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx, 2Rx

	Rx antenna correlation
	Uncorrelated

	Channel estimation
	Practical

	CP type
	Normal CP

	Signal bandwidth
	180kHz

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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Annex B. Link Curves in Simulation Results
The each line means;

· Solid line: Pr(ACK->DTX/NACK)

· Dotted line: Pr(NACK->ACK)

· No line: Pr(DTX->ACK)

[image: image10.emf]-12 -11.5 -11 -10.5 -10 -9.5 -9 -8.5 -8

10

-4

10

-3

10

-2

10

-1

10

0

SNR[dB]

Probability

EPA5,10MHz,Joint ML detector

 

 

2A/N bits(Baseline)

 [image: image11.emf]-12 -11.5 -11 -10.5 -10 -9.5 -9 -8.5 -8 -7.5 -7

10

-4

10

-3

10

-2

10

-1

10

0

SNR[dB]

Probability

EPA5,10MHz,Normal detector

 

 

2A/N bits(Baseline)


(a) Joint ML detector                                         (b) Normal detector
Figure 5 2 A/N bits, EPA5Hz, 10MHz BW
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3A/N bits(Baseline)

3A/N bits(Proposed)
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(a) Joint ML detector                                         (b) Normal detector
Figure 6 3 A/N bits, EPA5Hz, 10MHz BW
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(a) Joint ML detector                                         (b) Normal detector
Figure 7 4 A/N bits, EPA5Hz, 10MHz
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(a) Joint ML detector                                         (b) Normal detector
Figure 8 2 A/N bits, ETU5Hz, 5MHz
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3A/N bits(Proposed)
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(a) Joint ML detector                                         (b) Normal detector
Figure 9 3 A/N bits, ETU5Hz, 5MHz
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(a) Joint ML detector                                         (b) Normal detector
Figure 10 4 A/N bits, ETU5Hz, 5MHz
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(a) Joint ML detector                                         (b) Normal detector
Figure 11 2 A/N bits, ETU250Hz, 5MHz
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3A/N bits(Proposed)
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(a) Joint ML detector                                         (b) Normal detector
Figure 12 3 A/N bits, ETU250Hz, 5MHz
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(a) Joint ML detector                                         (b) Normal detector
Figure 13 4 A/N bits, ETU250Hz, 5MHz
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