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1. Introduction

Until RAN1 #63bis meeting, the PUCCH A/N transmission modes in TDD have been agreed as below[1]. 

	Agreement:

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling is applied if the number of A/N bits to be indicated would be >4

· Time domain bundling is used if the number of A/N bits to be indicated after spatial bundling would be >4


In addition, during RAN1 #63bis meeting and through email discussion, a working assumption on A/N transmission scheme for mode b was agreed as below[1].

	Working assumption for mode b:
· Adopt A/N scheme from R1-110519[2], with modification for M=4 from R1-110389[3], and mapping table from R1-106503[4]


On the other hand, there was no detailed decision on TDD A/N piggyback on PUSCH including DAI in UL grant. This paper suggests A/N piggyback on PUSCH for TDD PUCCH A/N modes based on DAI in UL grant.
2. DAI in UL grant for Rel-10 TDD
In Rel-8 TDD, DAI in UL grant (i.e. UL DAI) is signalled to indicate the number of actually scheduled PDSCHs. Based on the received UL DAI (especially for channel selection mode), payload adaptation is done for A/N piggyback on PUSCH at the UE side. 
In Rel-10 TDD, multiple CCs could be aggregated for a UE, and the number of scheduled PDSCHs would be independent for each CC. For PUSCH A/N payload adaptation with the aid of UL DAI in this situation, it seems natural as well as reliable that UL DAI informs the maximum number of scheduled PDSCHs (including SPS release PDCCH) among CCs[5]. Figure 1 shows an example of UL DAI signaling for Rel-10 TDD with CA (Carrier Aggregation) where DL DAI means DAI in DL grant.
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Figure 1. An example of DAI in UL grants for TDD with CA (2 CCs, DL:UL = 4:1)
Moreover, in CA based TDD situation, 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 1: In TDD with CA, DAI in UL grant indicates the maximum number of scheduled PDSCHs (including SPS release PDCCH) among CCs. DAI values signaled via multiple UL grants in a subframe should be the same.
3. A/N piggyback on PUSCH in TDD
3.1. mode 1
In PUCCH A/N mode 1, spatial bundling would be conditionally applied according to the number of A/N bits[6]. Regarding this, the number of A/N bits piggybacked on PUSCH can be adaptively decided as the following formula by using the received UL DAI 
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Where 
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 means the number of configured CCs, and 
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 denotes the number of MIMO TM CCs without applying spatial bundling. Figure 2 provides an example of A/N payload adaptation/ composition for PUSCH piggyback based on the UL DAI where ‘SB’ means spatial bundling. As shown in the figure, A/N bits for each CC are arranged by the incremental order of DL DAI (in this example, CC-wise gradual SB[6] is assumed to be adopted for mode 1).
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Figure 2. An example of PUSCH A/N payload adaptation/composition for mode 1 (2 CCs, DL:UL = 4:1)

Proposal 2: For A/N mode 1, the number of A/N bits piggybacked on PUSCH is decided based on the DAI in UL grant as
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where 
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 is the number of configured CCs and 
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 is the number of MIMO TM CCs without applying spatial bundling.

3.2. mode a
In the A/N piggyback perspective, there seems to be no difference between mode 1 and mode a because both modes support individual A/N bit transmission except whether spatial bundling is additionally used or not. Thus, definition and formula for mode 1 above can be reused also for mode a[5]. 

Proposal 3: For A/N mode a, A/N piggyback on PUSCH follows the definition and formula for mode 1.

3.3. 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. For this reason, A/N payload adaptation for PUSCH piggyback would be different from other modes. Tables 1~3 provide the agreed A/N response to A/N state mapping for each CC according to DL:UL configurations for TDD[2][3]. Here, assuming DL:UL = M:1 configuration, HARQ-ACK(m) (1≤m≤M) means A/N for the PDSCH corresponding to DL DAI 
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 when there is no SPS PDSCH . Note that when SPS PDSCH exists in any subframe within a bundling window, HARQ-ACK(1) represents A/N for the SPS PDSCH and HARQ-ACK(m) represents A/N for the PDSCH corresponding to 
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. It is also noted that 2-bit A/N states per CC in the tables would be directly replaced to that in the channel selection mapping table[4].
Table 1. A/N response to A/N state mapping for mode b (DL:UL = 2:1)
	HARQ-ACK(1), HARQ-ACK(2)
	A/N state

	A, A
	A, A

	N, A
	N/D, A

	A, N/D
	A, N/D

	(N, N/D) or (D, any)
	N/D, N/D


Table 2. A/N response to A/N state mapping for mode b (DL:UL = 3:1)

	HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	A/N state

	A, A, A
	A, A

	A, A, N/D
	N/D, A

	A, N/D, any
	A, N/D

	N/D, any, any
	N/D, N/D


Table 3. A/N response to A/N state mapping for mode b (DL:UL = 4:1)

	HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3), HARQ-ACK(4)
	A/N state

	A, A, A, N/D
	A, A

	A, A, N/D, any
	N/D, A

	(A, D, D, D) or (A, A, A, A)
	A, N/D

	(N/D, any, any, any) or (A, N/D, any, any), except for (A, D, D, D)
	N/D, N/D


In this 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 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 
[image: image15.wmf]3

=

UL

DAI

V

 under 4:1 TDD configuration, it can use 3:1 mapping table (Table 2 above) 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 3 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 3. Examples of PUSCH A/N payload adaptation/composition for mode b (2 CCs, DL:UL = 4:1)

Proposal 4: For A/N mode b, the number of piggybacked A/N bits on PUSCH and the used mapping table for A/N piggyback is decided based on the DAI in UL grant as
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4. Summary
In this paper, we discussed on PUSCH A/N piggyback for TDD based on DAI in UL grant and PUCCH A/N modes. Finally, we propose: 

Proposal 1: In TDD with CA, DAI in UL grant indicates the maximum number of scheduled PDSCHs (including SPS release PDCCH) among CCs. DAI values signaled via multiple UL grants in a subframe should be the same.
Proposal 2: For A/N mode 1, the number of A/N bits piggybacked on PUSCH is decided based on the DAI in UL grant as
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where 
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 is the number of configured CCs and 
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 is the number of MIMO TM CCs without applying spatial bundling.

Proposal 3: For A/N mode a, A/N piggyback on PUSCH follows the definition and formula for mode 1.

Proposal 4: For A/N mode b, the number of piggybacked A/N bits on PUSCH and the used mapping table for A/N piggyback is decided based on the DAI in UL grant as
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