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1. Introduction
TDD ACK/NAK multiplexing on PUSCH is agreed in [1], with the following pending issues

· Issue 1: Number of feedback bits depends on how DTX is treated

· Option 1: ACK/NAK/DTX feedback per DL subframe

· Option 2: DTX mapped to NAK and ACK/NAK feedback per DL subframe
· Issue 2: Number of ACK/NAK feedback bits transmitted in UL subframe

· Option 1: Given by the number of associated DL subframes 

· Option 2: Signal DAI in UL grant re-using 2bit UL index when UL grant available, otherwise the number of associated DL subframes as in option A when no UL grant
In addition, for TDD ACK/NAK bundling on PUSCH, the following issue is open [1]

· Issue 3: Error case handling for ACK/NAK bundling on PUSCH

· Option 1: Select scrambling code based on the number of received DL subframes and scramble ACK/NAK bits accordingly

· Option 2: Signal DAI containing number of assigned DL subframes in UL grant re-using the UL index bits

In this contribution, we show our preference on the above points.
2. Remaining issues on TDD ACK/NAK transmission on PUSCH
2.1. Issue 1: Number of feedback bits depends on how DTX is treated

The transmission of ACK/NAK on PUSCH is more challenging than PUCCH, because part of the transmission power has to be used for data, which may lead to reduced detection performance of ACK/NAK bits. For each ACK/NAK feedback, if explicit DTX state is supported, then more information bits are required, which could further reduce the ACK/NAK coverage when transmitted on PUSCH. Therefore, we prefer Option 2 for Issue 1, i.e. DTX mapped to NAK and ACK/NAK feedback per DL subframe.

2.2. Issue 2: Number of ACK/NAK feedback bits transmitted in UL subframe
On Issue 2, Option 1 states that the number of ACK/NAK feedback bits is the same as the number of associated DL subframes. It appears that a fixed number of ACK/NAK bits are fed back, irrespective of the number of scheduled DL subframes. This in turn leaves the impression of unnecessary amount of feedback information which degrades the detection performance. On the other hand, NodeB can perform ACK/NAK detection based on the number of scheduled DL subframes for that UE. For example, if a UE is only scheduled three out of four DL subframes, then NodeB shall only perform ACK/NAK detection according to the possible hypotheses based on the scheduled DL subframes. In this sense, no redundant ACK/NAK feedback information is sent. A drawback of Option 1 is that the amount of ACK/NAK resources may be over-dimensioned by always assuming the maximum number of ACK/NAK feedback bits. Note that Option 1 is supported in Option 2, for cases where UL grant is not available. 
For Option 2 on Issue 2, variable number of ACK/NAK bits is fed back, depending on the number of scheduled DL subframes signaled using DAI in UL grant. The DAI in UL grant is combined with DAI in each DL grant to detect any possible DL grant misses. In case a DL grant miss is detected, then preferably a NAK shall be inserted for the corresponding DL subframe. The above principle works properly if DAI in DL grant is used as “pure counter”. On the other hand, if DAI in DL grant is used as total number of scheduled DL subframes, or DAI with scheduling prediction, then ACK/NAK transmission ambiguity may occur. Figure 1 shows an example where DAI in DL grant is used as the total number of scheduled DL subframes. In case UE only receives two of the three scheduled DL grants, with the help of the DAI in UL grant, it can infer that one of the DL grant is missed. On the other hand, UE does not know where to insert a NAK response (on DL subframe 2 or 4). Furthermore, DAI in UL grant is not always available in the cases of, e.g. non-adaptive retransmissions and persistent transmissions. Since Option 2 requires additional standardization and the associated testing than Option 1, without a clear measure of the benefits of Option 2, we currently prefer Option 1 for Issue 2, i.e. number of ACK/NAK feedback bits given by the number of associated DL subframes.
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Figure 1: Example of ambiguous UE behavior for Option 2 on Issue 2
2.3. Issue 3: Error case handling for ACK/NAK bundling on PUSCH
For ACK/NAK bundling on PUSCH, an error case could happen if DAI in DL grant is used as “pure counter” and the last few DL grants are missed. Option 1 selects a scrambling sequence based on the detected number of DL grants [2]. Therefore, the number of feedback information bits is increased by 2. Figure 2 shows the ACK/NAK BER with and without scrambling sequence selection. The detailed simulation assumptions are listed in Table 1. The results show that given the additional feedback information bits, the ACK/NAK detection performance degrades. However, this performance degradation may be compenstated by allocating more ACK/NAK resource elements.
Note that in order to sovle the error case handling, Option 1 increases the implementation complexity of NodeB, since it needs to figure out how to interprete the ACK/NAK bit based on its detected number of DL grants sent by UE and the actually number of transmitted DL grants by NodeB.  
Option 2 signals the number of DL grants in the UL grant, in a similar way as Option 2 for Issue 2. The drawback of Option 2 is that UL grant is not always available, e.g. in non-adaptive retransmissions or persistent transmissions. It appears that Option 2 alone cannot serve as a complete solution to Issue 3. Therefore, our current preference on Issue 3 is Option 1, i.e. scrambling code selected based on the number of received DL subframes and ACK/NAK bits scrambled accordingly.
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Figure 2: ACK/NAK BER with and without scrambling sequence selection
Table 1: Link level simulation assumptions

	Parameters
	Assumptions

	Numerology
	5MHz @ 2.0GHz

	Resource Block
	180 kHz (15 kHz x 12)

	Frequency Hopping Subframes
	2

	UE Velocity
	3 km/h

	Channel Model
	SC

	Number of Receive Antennas
	2

	Number of Transmit Antennas
	1

	Timing Offset
	None

	Near-Far
	None

	Number of ACK/NAK QAM 
Symbols per Subframe
	24

	Modulation
	QPSK

	Frame Structure
	Normal CP


3. Conclusions

For TDD ACK/NAK multiplexing on PUSCH, we suggest 
· DTX is mapped to NAK per ACK/NAK feedback; and

· The number of ACK/NAK feedback bits is the same as the number of DL subframes associated with the UL subframe.

For TDD ACK/NAK bundling on PUSCH, we suggest

· A scrambling code is selected based on the number of received DL subframes and the ACK/NAK bits are scrambled accordingly.
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