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1. Introduction

In spite of many efforts during RAN1#64 meeting and email discussion, the details for A/N piggyback on PUSCH in TDD have not been decided yet. For this issue, two proposals R1-111180 [1] and R1-111178 [2] are currently on the table. The former adapts A/N payload size piggybacked in PUSCH by defining UL DAI field as the maximum DL DAI value while the latter controls the number of PUSCH REs consumed for A/N by utilizing UL DAI field as a weight factor. 
In this contribution, for both two proposals R1-111180 [1] and R1-111178 [2], we suggest the details of A/N piggyback according to TDD A/N mode.
2. Details for the proposal R1-111180
The proposal R1-111180 is briefly summarized as below (except for PUSCH without UL grant).
■ The HARQ-ACK payload on PUSCH is defined by 
[image: image1.wmf])

(

2

C

C

V

O

UL

DAI

ACK

+

=

 when the UE is configured with HARQ-ACK feedback mode 1 or mode a,

• 
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 is the number of configured DL cells.
• 
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 is the number of two TB configured DL cells without spatial bundling

• The value of the DAI in UL grant 
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 represents the maximum value of 
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 among all the configured DL cells, where 
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 is the total number of subframes with PDSCH transmissions and with PDCCH indicating downlink SPS release. 
In this proposal, first of all, A/N payload and piggyback method are not defined for TDD mode b. In PUCCH A/N mode b with channel selection, unlike mode 1 and mode a, time-domain bundling is additionally applied after spatial bundling. In this case, it is desirable to maintain the time-domain bundling in case of A/N piggybacking on PUSCH as well to minimize the difference in coverage of A/N on PUCCH and PUSCH, which is the same principle as in Rel-8 TDD A/N feedback. For this reason, A/N payload adaptation for PUSCH piggyback with TDD mode b would be different from other modes. 
In mode b case, A/N payload piggybacked on PUSCH can be adaptively decided according to the UL DAI. More specifically, in case that 
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 (at most 1 PDSCH (or DL SPS release PDCCH) is received per CC), 1-bit for an individual (spatially bundled) A/N of the PDSCH is sufficient for each CC. Moreover, for 
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 under DL:UL = M:1 configuration, the UE can do A/N piggyback on PUSCH with 
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:1 mapping table above, not always using M:1 mapping table (for example, if the UE receives 
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 under 4:1 TDD configuration, it can use 3:1 mapping table for A/N piggyback on PUSCH). This is reasonable and desirable because UL DAI value is the shared information between UE and eNB without misalignment, and more individual A/N bits can be saved by using 
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:1 mapping table which may provide better performance than M:1 mapping table in case of 
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. Based on these facts, the number of piggybacked A/N bits on PUSCH and the used mapping table for A/N piggyback for mode b can be decided as the following formula.
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Figure 1 provides examples of A/N payload adaptation/composition for PUSCH piggyback based on the UL DAI in TDD PUCCH A/N mode b.
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Figure 1. Examples of PUSCH A/N payload adaptation/composition for mode b (2 CCs, DL:UL = 4:1)

Proposal 1 for R1-111180: For TDD A/N mode b, time-bundled A/N bits as on PUCCH are piggybacked on PUSCH. A/N payload size piggybacked on PUSCH and the used mapping table for A/N piggyback are decided as
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In addition, there could be multiple UL grants in a subframe for PUSCH scheduling of multiple CCs. In this case, UL DAIs conveyed in those UL grants should have the same value in order to avoid ambiguity at the UE side (as well as misalignment between UE and eNB) on A/N payload to be piggybacked on PUSCH.
Proposal 2 for R1-111180: In TDD with CA, DAI values in multiple UL grants in a subframe should be the same.
3. Details for the proposal R1-111178
The proposal R1-111178 is briefly summarized as below (except for PUSCH without UL grant).

■ The ACK/NAK codebook size is the same as on PUCCH, i.e. 
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• 
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 is the number of DL subframes associated with a single UL subframe for ACK/NAK feedback.

■ The number of REs for ACK/NAK on PUSCH is based on 
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• The number of REs used for ACK/NAK transmission on PUSCH is determined by adjusting 
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 is determined by the 2-bit DAI field in the corresponding UL grant.

With this proposal, eNB can control the amount of REs for A/N transmission in PUSCH for given 
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 subframes by adjusting 
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 value according to the actual number of scheduled PDSCHs. In this case, 
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 can be supposed as the 
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 value to support maximum amount of REs for A/N transmission in PUSCH since 
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 value is set to 
[image: image30.wmf])

(

2

C

C

M

+

 for the case of PUSCH without PDCCH grant, Therefore, it is reasonable to set 4 
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 values in such way that corresponding 
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 values are equally quantized within the maximum value of 
[image: image33.wmf])

(

2

C

C

M

+

. More specifically, regarding TDD mode 1 first, RE controlling factor 
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 can be modified as the following formula.
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As described in previous section, for TDD A/N mode b, we propose to maintain the time-domain bundling in case of A/N piggybacking on PUSCH. In this case, A/N payload size 
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 and RE controlling factor 
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 for TDD mode b are not defined in this proposal. In case of mode b, A/N payload size is defined as 
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 which is the same as on PUCCH. Based on this and similarly in the formula (2), RE controlling factor 
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 for mode b can be defined as the following formula.
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Proposal 1 for R1-111178: For TDD A/N mode 1, A/N payload size 
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 and RE controlling factor 
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 are determined as 
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Proposal 2 for R1-111178: For TDD A/N mode b, time-bundled A/N bits as on PUCCH are piggybacked on PUSCH. A/N payload size 
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 and RE controlling factor 
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 are determined as 


[image: image47.wmf]4

=

ACK

O



[image: image48.wmf]}

4

,

3

,

2

,

1

{

,

Î

=

UL

DAI

UL

DAI

W

W

O


4. Summary
In this contribution, we suggest the details of A/N piggyback on PUSCH according to TDD A/N mode. Finally, we propose: 

- For R1-111180 [1], definition of A/N payload and piggyback method is needed for mode b as,
Proposal 1: For TDD A/N mode b, time-bundled A/N bits as on PUCCH are piggybacked on PUSCH. A/N payload size piggybacked on PUSCH and the used mapping table for A/N piggyback are decided as
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Proposal 2: In TDD with CA, DAI values in multiple UL grants in a subframe should be the same.
- For R1-111178 [2], modification of RE controlling factor is needed for both modes 1 and b as,
Proposal 1: For TDD A/N mode 1, A/N payload size 
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 are determined as
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Proposal 2: For TDD A/N mode b, time-bundled A/N bits as on PUCCH are piggybacked on PUSCH. A/N payload size 
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 and RE controlling factor 
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 are determined as
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