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1. Introduction
In RAN1#63, the followings were agreed for ACK/NACK transmission on PUSCH:
· If the UE has only a single CC configured, it shall use the Rel-8/9 coding and resource scheme.

· If >1 CC is configured, PUSCH A/N codebook size:

· based on the number of configured CCs and their configured transmission modes

· for TDD, also dependent on number of subframes in bundling window; 
However, the details for TDD ACK/NACK transmission on PUSCH are still open, including:

· The ACK/NACK codebook size
· The amount of resources for ACK/NACK transmission

In this contribution, we share our views on these issues and present our proposals.
2. ACK/NACK payload
Denoting 
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 as the ACK/NACK codebook size, 
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 as the maximum number of TBs the UE is configured on the i-th carrier, and 
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 as the number of configured CCs, the following two alternatives for ACK/NACK codebook size determination are possible:
· Alt.1:
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, where 
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 is the number of DL subframes in the bundling window.

The number of ACK/NACK bits for each UL subframe is semi-statically changed with the number of configured DL CCs and the transmission mode on each DL CC. UE and eNB know the exact ACK/NACK codebook size and the corresponding bit positions, thus without ambiguity between UE and eNB. Furthermore, the DAI in UL grant is unused, which can be reused to control amount of REs used for ACK/NAK transmission on PUSCH. 

· Alt.2: For PUSCH with UL grant, 
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is indicated by UL grant, representing the maximum number of DL subframes with dynamic PDSCH transmission or PDCCH indicating downlink SPS release on any configured CC in the bundling window [4]. For PUSCH without UL grant, 
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 is same as Alt1.

The choice between the above alternatives is tightly related to the ACK/NAK resource determination when transmitted on PUSCH. Since Alt. 1 has to be supported for PUSCH without UL grant, we have
Proposal 1: Alt.1 is supported for ACK/NACK codebook size determination. 
In RAN1 #62bis, it was agreed the maximum ACK/NACK codebook size for TDD is to 20. When the number of original ACK/NACK bits is more than 20, spatial bundling shall be used for ACK/NAK transmission both on PUCCH and PUSCH. Two options can be employed for the spatial bundling:
· Option 1: Spatial bundling is applied to all DL subframes and CCs. The number of transmitted ACK/NACK bits is 
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· Option 2: Spatial bundling is applied to a subset of DL subframes and/or CCs. The number of transmitted ACK/NACK bits is 20.

With different numbers of configured DL CCs and transmission mode on each DL CC, multiple partial bundling configurations need to be defined for Option 2. Therefore, we prefer Option 1 for the simplicity.
Proposal 2: Spatial bundling, if applied, shall be applied to all DL subframes and CCs if the number of ACK/NACK bits to be indicated is larger than 20.
3. ACK/NACK resource determination

In Rel-8, the number of REs used to transmit ACK/NACK on PUSCH 
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 is determined by the ACK/NACK payload
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, the PUSCH code rate and a RRC configured offset
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. For carrier aggregation, two solutions were presented for ACK/NACK resource determination on PUSCH.
· Solution 1 [2]: 
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, where 
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 is the data modulation order, 
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is the data code rate defined as 
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 is the total number of code blocks, 
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 is the number of bits for code block number r, and 
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 is used to account for coding gains over repetition coding as a function of the payload of 
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 bits.
· Solution 2 [3]:
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, where 
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 is the number of bits for the r-th code block and the i-th transport block, 
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 is the total number of code blocks for the i-th transport block, and 
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 is an offset used to adjust the number of REs for ACK/NAK transmission.
· If the PUSCH transmission is not based on a detected UL grant in the subframe,
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· If the PUSCH transmission is based on a detected UL grant in the subframe, the value of 
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 is determined by the UL-DAI in the corresponding UL grant by the following table:
Table 1: The values of 
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 indicated by UL-DAI
	DAI bits in UL grant (MSB, LSB)
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	(0, 0)
	0

	(0, 1)
	1/3

	(1, 0)
	2/3

	(1, 1)
	1


With different channel models and different
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, the coding gains over repetition coding are different for the same payload
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.  Therefore, it is difficult to determine the value of 
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 in Solution 1.
For Solution 2, the eNB can dynamically configure the 
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 based on the scheduling decision, e.g.
· If there is no dynamic PDSCH transmission or PDCCH indicating downlink SPS release in the bundling window, then
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. UE knows no dynamic ACK/NACK needs to be fed back. Hence, the UE shall not puncture the PUSCH data REs. In addition, the eNB does not need to performance ACK/NAK DTX detection on PUSCH.
· If there is dynamic PDSCH transmission or PDCCH indicating downlink SPS release in the bundling window, the eNB sets the proper value for the DAI bits in the UL grant, indicating a proper value of
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to the UE. The proper value of 
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can be set based on the number of ACK/NAK information bits the eNB expects the UE to feedback.
With the above discussion, we have
Proposal 3: Solution 2 is used to determine the number of REs used to transmit ACK/NACK on PUSCH.
4. Conclusions

In this contribution, we discuss TDD ACK/NACK transmission on PUSCH for carrier aggregation, with the following proposals:
· Proposal 1: The ACK/NACK codebook size on PUSCH is determined by
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 is the number of DL subframes in the bundling window, 
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 is the maximum number of TBs the UE is configured on the i-th carrier, and C is the number of configured CCs for the UE.
· Proposal 2: Spatial bundling, if applied, is applied to all DL subframes and CCs.

· Proposal 3: The amount of REs used for ACK/NACK transmission on PUSCH is determined by 
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· For PUSCH transmission with a detected UL grant, the DAI bits in the UL grant to indicate a value 
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· For PUSCH transmission without a detected UL grant,
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