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1 Introduction

The HARQ-ACK codebook size determination in the PUSCH for “Mode 1” and “Mode a” (no HARQ-ACK time domain bundling is used) was previously discussed in [1, 2] and on the reflector and follow up analysis is presented in [3]. The case of “Mode b” (HARQ-ACK time domain bundling is used) has not been considered with the exception of the proposal in [4].

The representation of the “Mode b” states, as described in Tables 10.1.3.2-5 and 10.1.3.2-6 of [5] for 
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, respectively, by the input bits to the block code (RM code) is also another aspect that is not captured by the present specifications in [6]. 

This contribution provides an overview of the alternatives [1, 2] for the HARQ-ACK codebook size determination with “Mode b”. The main issue is whether the fast codebook size adaptation is applied (as in [1]) or slow codebook size adaptation is applied (as in [2]). The former has the advantage of avoiding the DL throughput loss associated with time domain bundling. Additionally, a mapping of the “Mode b” states to the input bits of the RM code is presented.
2 HARQ-ACK Codebook Size for “Mode b”
HARQ-ACK multiplexing with channel selection is applicable when the number of configured cells 
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 to a UE is 
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. For a bundling window size 
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 of 
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, “Mode a” involving only spatial domain bundling is used. For a bundling window size of 
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, “Mode b” involving both spatial domain and time domain bundling is used. As spatial domain bundling always applies, the configured transmission mode in each configured cell is not relevant in determining the HARQ-ACK codebook size. Moreover, for 
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, the overlapped states in the mapping Table 10.1.3.2-6 [6] are assumed to be maintained for HARQ-ACK multiplexing in the PUSCH since they are practically orthogonal (the eNodeB can practically determine which is the actual one) and therefore, there is no reason to increase the number of feedback bits to 5 in order to avoid the overlapping states.
For the HARQ-ACK codebook size determination in [1], the value of the UL DAI IE, 
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, in the PDCCH scheduling PUSCH (if any) determines the number of HARQ-ACK bits for each configured cell. Then, the selection of “Mode a” or “Mode b” for HARQ-ACK multiplexing in the PUSCH is transparent as 
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 effectively provides an adaptive setting of the bundling window size. Therefore, 
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 , the HARQ-ACK payload is 2 bits for 
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, 4 bits for 
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 and the UE uses the mapping Table corresponding to the UL DAI IE value instead of always using a fixed mapping Table corresponding to the bundling window size. It is noted that unlike HARQ-ACK multiplexing in the PUSCH, a selection between “Mode a” and “Mode b” for HARQ-ACK transmission in the PUCCH is problematic as the UE may miss the last PDCCH in the bundling window (DL DAI IE is a counter). 

Moreover, as the HARQ-ACK payload is determined based on the actual HARQ-ACK information (fast codebook adaptation), improved performance may often be obtained (when 
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) as the simplex (3, 2) code outperforms the (32, 2) RM code by ~1.3 dB (e.g. [7]) in case of 
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. A (32, 2) RM code instead of a (32, 4) RM code applies because, as usual, the eNodeB is assumed to exploit the knowledge for the values of 2 bits to improve performance. 

For the HARQ-ACK codebook size determination in [2], the HARQ-ACK codebook size is always equal to 4 when 
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 (and the UL DAI IE value is re-interpreted to determine the number of REs used for HARQ-ACK multiplexing). Therefore, time domain bundling is always applied for 
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 even though it is frequently unnecessary (when 
[image: image21.wmf]1

UL

DAI

=

V

 or 
[image: image22.wmf]2

UL

DAI

=

V

). 

Moreover, for 
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, the (32, 4) RM code is always used even though the (3, 2) simplex code would be preferable (when 
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) in terms of performance. Also, for 
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, “Mode b” always applies and because the corresponding information is not individual HARQ-ACK values (ACK or NACK) but states of combined HARQ-ACK values, as is further discussed in the next section, it is not generally possible for the eNodeB to use side information to improve detection performance (as, for example, with the full multiplexing used for “Mode 1”). Then, performance losses that exceed 3 dB occur relative to [1] when 
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Proposal 1: Adopt the proposal in [1] for HARQ-ACK codebook size determination in PUSCH for all feedback modes.
Update for Specifications

If the proposal in [1] is adopted, there is no need for additional specifications. If the proposal from [2] is adopted, the above proposal may not apply.

3 Mapping “Mode b” States to Input bits of the RM Code
The mapping of the “Mode b” states (in Tables 10.1.3.2-5 and 10.1.3.2-6 of [5] for 
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, respectively) to the input bits of the RM code for HARQ-ACK multiplexing in the PUSCH is currently missing from the specifications in [6]. The mapping in Tables 10.1.3.2-4 of [5] for 
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 is not addressed yet as it may be modified. Unlike other modes, the HARQ-ACK information for “Mode b” does not consist of binary 0s (NACK) or binary 1s (ACK) but rather of HARQ-ACK states conveying combinations for the values of the HARQ-ACK bits. 
A mapping of the HARQ-ACK states to 4 input bits 
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 of the RM code can be obtained by using the mapping applied in the PUCCH as shown in Table 1 and Table 2. The 4 PUCCH resources 
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 are represented by the RM input bits 
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 and the QPSK constellation points 
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 are represented by the RM input bits 
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. Moreover, as the PUCCH resource unavailability for the {DTX, any, any} state (
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) or the {DTX, any, any, any} state (
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) for the primary cell is not applicable in the PUSCH, these states can be respectively combined with the {NACK, any, any} state or the {NACK, any, any, any} state, as for the secondary cell. This is necessary in the PUSCH as the eNodeB expects the UE to transmit HARQ-ACK information (e.g. either as in [1] or as in [2]).
Table 1: Mapping of “Mode b” States to Input Bits for RM Coding for 
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	Primary Cell
	Secondary Cell
	Resource
	Constellation
	RM Code Input Bits

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2)
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2)
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	ACK, ACK, ACK
	ACK, ACK, ACK
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	1, 1
	0, 1, 1, 1

	ACK, ACK, NACK/DTX
	ACK, ACK, ACK
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	0, 0
	0, 1, 0, 0

	ACK, NACK/DTX, any
	ACK, ACK, ACK
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	1, 1
	1, 1, 1, 1

	NACK/DTX, any, any
	ACK, ACK, ACK
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	0, 1
	1, 1, 0 ,1

	ACK, ACK, ACK
	ACK, ACK, NACK/DTX
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	1, 0
	0, 0, 1, 0

	ACK, ACK, NACK/DTX
	ACK, ACK, NACK/DTX
	
[image: image47.wmf])

1

(

PUCCH,3

n


	1, 0
	1, 1, 1, 0

	ACK, NACK/DTX, any
	ACK, ACK, NACK/DTX
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	0, 1
	0, 0, 0, 1

	NACK/DTX, any, any
	ACK, ACK, NACK/DTX
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	0, 0
	1, 1, 0, 0

	ACK, ACK, ACK
	ACK, NACK/DTX, any
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	1, 1
	1, 0, 1, 1

	ACK, ACK, NACK/DTX
	ACK, NACK/DTX, any
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	0, 1
	1, 0, 0, 1

	ACK, NACK/DTX, any
	ACK, NACK/DTX, any
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	1, 0
	1, 0, 1, 0

	NACK/DTX, any, any
	ACK, NACK/DTX, any
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	0, 0
	1, 0, 0, 0

	ACK, ACK, ACK
	NACK/DTX, any, any
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	1, 0
	0, 1, 1, 0

	ACK, ACK, NACK/DTX
	NACK/DTX, any, any
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	0, 1
	0, 1, 0, 1

	ACK, NACK/DTX, any
	NACK/DTX, any, any
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	1, 1
	0, 0, 1, 1

	NACK, any, any
	NACK/DTX, any, any
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	0, 0
	0, 0, 0, 0

	DTX, any, any
	NACK/DTX, any, any
	No Transmission
	0, 0, 0, 0


Table 2: Mapping of “Mode b” States to Input Bits for RM Coding for 
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	Primary Cell
	Secondary Cell
	Resource
	Constellation
	RM Code Input Bits

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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	ACK, ACK, ACK, NACK/DTX
	ACK, ACK, ACK, NACK/DTX
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	1, 1
	0, 1, 1, 1

	ACK, ACK, NACK/DTX, any
	ACK, ACK, ACK, NACK/DTX
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	0, 0
	0, 1, 0, 0

	ACK, DTX, DTX, DTX
	ACK, ACK, ACK, NACK/DTX
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	1, 1
	1, 1, 1, 1

	ACK, ACK, ACK, ACK
	ACK, ACK, ACK, NACK/DTX
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	1, 1
	1, 1, 1, 1

	NACK/DTX, any, any, any
	ACK, ACK, ACK, NACK/DTX
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	0, 1
	1, 1, 0, 1

	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	ACK, ACK, ACK, NACK/DTX
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	0, 1
	1, 1, 0, 1

	ACK, ACK, ACK, NACK/DTX
	ACK, ACK, NACK/DTX, any
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	1, 0
	0, 0, 1, 0

	ACK, ACK, NACK/DTX, any
	ACK, ACK, NACK/DTX, any
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	1, 0
	1, 1, 1, 0

	ACK, DTX, DTX, DTX
	ACK, ACK, NACK/DTX, any
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	0, 1
	0, 0, 0, 1

	ACK, ACK, ACK, ACK
	ACK, ACK, NACK/DTX, any
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	0, 1
	0, 0, 0, 1

	NACK/DTX, any, any, any
	ACK, ACK, NACK/DTX, any
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	0, 0
	1, 1, 0, 0

	 (ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	ACK, ACK, NACK/DTX, any
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	0, 0
	1, 1, 0, 0

	ACK, ACK, ACK, NACK/DTX
	ACK, DTX, DTX, DTX
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	1, 1
	1, 0, 1, 1

	ACK, ACK, ACK, NACK/DTX
	ACK, ACK, ACK, ACK
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	1, 1
	1, 0, 1, 1

	ACK, ACK, NACK/DTX, any
	ACK, DTX, DTX, DTX
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	0, 1
	1, 0, 0, 1

	ACK, ACK, NACK/DTX, any
	ACK, ACK, ACK, ACK
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	0, 1
	1, 0, 0, 1

	ACK, DTX, DTX, DTX
	ACK, DTX, DTX, DTX
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	1, 0
	1, 0, 1, 0

	ACK, DTX, DTX, DTX
	ACK, ACK, ACK, ACK
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	1, 0
	1, 0, 1, 0

	ACK, ACK, ACK, ACK
	ACK, DTX, DTX, DTX
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	1, 0
	1, 0, 1, 0

	ACK, ACK, ACK, ACK
	ACK, ACK, ACK, ACK
	
[image: image81.wmf])

1

(

PUCCH,2

n


	1, 0
	1, 0, 1, 0

	NACK/DTX, any, any, any
	ACK, DTX, DTX, DTX
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	0, 0
	1, 0, 0, 0

	NACK/DTX, any, any, any
	ACK, ACK, ACK, ACK
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	0, 0
	1, 0, 0, 0

	 (ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	ACK, DTX, DTX, DTX
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	0, 0
	1, 0, 0, 0

	 (ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	ACK, ACK, ACK, ACK
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	0, 0
	1, 0, 0, 0

	ACK, ACK, ACK, NACK/DTX
	NACK/DTX, any, any, any
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	1, 0
	0, 1, 1, 0

	ACK, ACK, ACK, NACK/DTX
	 (ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
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	1, 0
	0, 1, 1, 0

	ACK, ACK, NACK/DTX, any
	NACK/DTX, any, any, any
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	0, 1
	0, 1, 0, 1

	ACK, ACK, NACK/DTX, any
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
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	0, 1
	0, 1, 0, 1

	ACK, DTX, DTX, DTX
	NACK/DTX, any, any, any
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	1, 1
	0, 0, 1, 1

	ACK, DTX, DTX, DTX
	 (ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
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	1, 1
	0, 0, 1, 1

	ACK, ACK, ACK, ACK
	NACK/DTX, any, any, any
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	1, 1
	0, 0, 1, 1

	ACK, ACK, ACK, ACK
	 (ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
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	1, 1
	0, 0, 1, 1

	NACK, any, any, any 
	NACK/DTX, any, any, any
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	0, 0
	0, 0, 0, 0

	NACK, any, any, any 
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
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	0, 0
	0, 0, 0, 0

	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	NACK/DTX, any, any, any
	
[image: image96.wmf])

1

(

PUCCH,0

n


	0, 0
	0, 0, 0, 0

	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
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	0, 0
	0, 0, 0, 0

	DTX, any, any, any
	NACK/DTX, any, any, any
	No Transmission
	0, 0, 0, 0

	DTX, any, any, any
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	No Transmission
	0, 0, 0, 0


Proposal 2: Adopt the mapping between HARQ-ACK states and RM code input bits in Table 1 and Table 2.
Update for Specifications

For TS36.213, the specifications need to include the last column of Tables 1 and 2 in Tables 10.1.3.2-5 and 10.1.3.2-6, respectively. 
For TS36.212, the specifications should include the following (in conjunction with the text necessary once a decision for [1] or [2] is made – inclusion of the case of 
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 may or may not be needed depending on whether Table 10.1.3.2-4 in TS36.213 is updated):

 SHAPE  \* MERGEFORMAT 



4 Conclusions

This contribution considered the HARQ-ACK multiplexing in the PUSCH for “Mode a” and “Mode b” in TDD systems and proposes the following: 

Proposal 1: Adopt the proposal in [1] for HARQ-ACK codebook size determination in the PUSCH for all feedback modes.
Proposal 2: Adopt the mapping between HARQ-ACK states and RM code input bits in Table 1 and Table 2. 
Update for Specifications

For TS36.213, the specifications should include the last column of Tables 1 and 2 in Tables 10.1.3.2-5 and 10.1.3.2-6, respectively. 
For TS36.212, the specifications should include the following (in conjunction with the text necessary once a decision for [1] or [2] is made – inclusion of the case of 
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 may or may not be needed depending on whether Table 10.1.3.2-4 in TS36.213 is updated):

 SHAPE  \* MERGEFORMAT 
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