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1 Introduction

HARQ-ACK codebook determination for eCA was discussed in RAN1#84 but some aspects, particularly ones related to PDCCH transmission on CSS, were left to be resolved in RAN1#84bis. In nearly all cases, these aspects reduce to a clarification that Rel-12 behavior for CA remains applicable in eCA for FDD and TDD despite the introduction of a total DAI field and the modification of the Rel-12 counter DAI functionality to operate first in the cell domain and then in the time domain.

This contribution reviews the remaining aspects for HARQ-ACK codebook determination in eCA. 

2 HARQ-ACK Codebook Determination
2.1 Total DAI in CSS for TDD/FDD or counter DAI in CSS for FDD
The DCI format sizes in the CSS have been the same since Rel-8 due to backward compatibility requirements. For example, A-SRS triggering is not supported by DCI formats 0/1A in the CSS. A reason is that the DCI format 3/3A is dimensioned according to the size of DCI format 0/1A in the CSS and DCI format 3/3A is UE-common. Therefore, total DAI (for both FDD and TDD) and counter DAI (for FDD) when a UE is configured by higher layers with codebooksizeDetermination-r13 = 0 are not present in the CSS.
Proposal 1: Update Table 5.3.3.1.2-2 in TS36.212 as follows

Table 5.3.3.1.2-2: Number of bits for Downlink Assignment Index.

	Number 
of bits
	

	4
	For UEs configured by higher layers with codebooksizeDetermination-r13 = 0, and for DCI formats scheduling PDSCH which are mapped onto the UE specific search space given by the C-RNTI as defined in [3], the 4-bit DAI further consists of a 2-bit counter DAI and a 2-bit total DAI. 

· Counter DAI – 2 bits as defined in section 7.3 of [3]

· Total DAI – 2 bits as defined in section 7.3 of [3]


2.2 HARQ-ACK Codebook Determination for FDD
In Rel-12 CA, the counter DAI counts the number of DCI formats scheduling PDSCH and SPS release (SPS PDSCH is not included in the counter DAI). The same holds for eCA in Rel-13. The pseudo-code for determining the HARQ-ACK codebook in section 7.3.1 of TS 36.213 is based on the UE detecting a DCI format that includes a counter DAI value 
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). For FDD, to account for DCI format transmission on the CSS, a modification on the pseudo-code is needed to account for reception of DCI format scheduling PDSCH that does not include 
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. No modification is needed for the part of the pseudo-code concerning 
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 and, if the DCI format transmitted on the CSS is the only one, the UE fall-backs to PUCCH Format 1a/1b. 
There can be several alternatives to capture the transmission of a DCI format on the CSS for HARQ-ACK codebook determination; a possible generic one is given below as captured by the revised text. Another alternative is by considering that CSS exists only on the primary cell and the primary cell index is always 0. Then, the revised text below can be replaced by “if  
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7.3.1
FDD HARQ-ACK reporting procedure

…

If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = 0 and if the UE transmits HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine the 
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 according to the following pseudo-code:

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j = 0
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while c < 
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if there is a PDSCH on serving cell c associated with PDCCH/EPDCCH or there is a PDCCH/EPDCCH indicating downlink SPS release on serving cell c,
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j = j+1

end if
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if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission mode supporting two transport blocks in at least one configured serving cell,
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= HARQ-ACK bit corresponding to the second codeword of this cell
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elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a transmission mode supporting two transport blocks in at least one configured serving cell,
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= binary AND operation of the HARQ-ACK bits corresponding to the first and second codewords of this cell
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else
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end if
end if

c = c + 1
end while

if 
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j = j+1

end if
if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission mode supporting two transport blocks in at least one configured serving cell,
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2.3 HARQ-ACK Codebook Determination for TDD
For TDD, DCI format 1A transmission on CSS includes a counter DAI but does not include a total DAI. The pseudo-code for determining the HARQ-ACK codebook in section 7.3.2.1 of TS 36.213 is based on the UE detecting a DCI format that includes a total DAI value 
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 results to incorrect or ambiguous codebook determination and possibly incorrect determination of the PUCCH format for the UE to use for HARQ-ACK transmission. For example, the DCI format (DCI format 1A) on the CSS of the primary cell can be the only DCI format in the last subframe. 
One possible modification in the pseudo-code in order to support detection of a DCI format that does not include a total DAI value 
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 in a subframe 
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 is given below as captured by the revised text. The same correction is applicable for section 7.3.2.2. Similar to the FDD case, another alternative is by considering that CSS exists only on the primary cell and the primary cell index is always 0. Then, the revised text below can be replaced by “if  
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7.3.2.1
TDD HARQ-ACK reporting procedure for same UL/DL configuration

…
If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = 0 and if the UE transmits HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine the 
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 according to the following pseudo-code:

Set c = 0 – cell index: lower indices correspond to lower RRC indices of corresponding cell

Set m = 0 – subframe index: lower index corresponds to earlier subframe within subframe(s)[image: image37.wmf]k
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Set M to the number of subframes within subframe(s) [image: image43.wmf]k
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while m < M
while c < 
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if there is a PDSCH on serving cell c in subframe m associated with PDCCH/EPDCCH or there is a PDCCH/EPDCCH indicating downlink SPS release on serving cell c in subframe m,


if 
[image: image46.wmf]temp

DL

m

c

DAI

C

V

V

£

-

,

,





j = j+1

end if
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end if
if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission mode supporting two transport blocks in at least one configured serving cell,
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elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a transmission mode supporting two transport blocks in at least one configured serving cell,
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else
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end if

c = c + 1
end while

m = m + 1

end while
if 
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j = j+1

end if
if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission mode supporting two transport blocks in at least one configured serving cell,
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2.4 HARQ-ACK Codebook Determination for SPS PUSCH in TDD
In FDD, there is no UL DAI and the same HARQ-ACK codebook determination applies for HARQ-ACK transmission in the PUSCH and the PUCCH. 

For TDD and dynamically scheduled PUSCH, the UL DAI field in the UL DCI format is used. However, using the UL DAI to determine the HARQ-ACK codebook results to a size in each subframe that is equal to the maximum HARQ-ACK codebook size across all subframes of the bundling window. The cosequence is that the HARQ-ACK codebook size in the PUSCH will be larger than in the PUCCH while the link budget in the PUSCH is ~4 dB worse. 

The above imbalance between the HARQ-ACK codebook size in the PUSCH and in the PUCCH is magnified for SPS PUSCH or for non-adaptive PUSCH retransmissions as there is no UL DAI field and the HARQ-ACK codebook size is the maximum one which can be a substantially large value in eCA. However, at least when there is no UL DAI, HARQ-ACK codebook size determination should be the same for FDD and TDD and there is no reason for penalizing TDD when it is actually associated with 2x-4x larger payloads than FDD. 

Proposal: For TDD, HARQ-ACK codebook size in the PUSCH is determined as for FDD.

3 Conclusions

This contribution considered remaining aspects for the HARQ-ACK codebook determination in eCA and proposes the following.
Proposal 1: Update TS36.212 and TS36.213 as suggested in previous sections. 

Proposal 2: For TDD, HARQ-ACK codebook size in the PUSCH is determined as for FDD. 
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