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1. Introduction
Due to asymmetric DL/UL subframe allocations, multiple DL subframes can be associated with a single UL subframe, where the ACK/NAK bits corresponding to the multiple DL subframes are transmitted. In general, two potential approaches exist for multi-bit ACK/NAK transmission, i.e. by PUCCH format 1 [2] or PUCCH format 2. In this contribution, we evaluate the BER performance of both methods.
2. Performance Comparison
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 Bits
	2, 3, or 4

	Transmission Method
	Format 1 [2], or Format 2

	Frame Structure
	Short CP


Table 1 shows the link level simulation assumptions. The number of ACK/NAK bits is 2, 3, or 4, depending on the number of DL subframes associated with the single UL subframe. The transmission method with format 1 is shown in [2], where Tables 4 – 6 in [2] list the detailed mapping schemes according to the multiple ACK/NAK bits. The transmission method with format 2 uses the first 2, 3, or 4 basis sequences in Table 5.2.3.3-1 of [3], depending on the number of ACK/NAK bits. 
Figures 1 –3 shows the ACK/NAK detection performance (Pd), as well as the DTX detection performance (Pf). The DTX detection threshold is set such that the target Pf is around 1% or 0.1%. It is observed that the ACK/NAK detection performance of both methods is similar.

For the transmission method of format 1, it is assumed in the simulations that a UE is scheduled in all DL subframes associated with the UL subframe. In case a UE is scheduled in a subset of these DL subframes, a reduced set of hypothesis testing is required, since NodeB knows how many ACK/NAK bits the UE is supposed to feedback. An example is shown in Table 2 (i.e. Table 6 in [2]) for the 4:1 DL/UL ratio. If the UE is scheduled in all 4 DL subframes, the NodeB shall perform hypothesis testing over all 16 entries in Table 2. In case a UE is scheduled in the first two DL subframes, then it only has two ACK/NAK bits (b2 b1) to feedback. Therefore, NodeB only needs to perform hypothesis testing for the four highlight entries in Table 2.
For the transmission method of format 2, a joint maximum likelihood decoding algorithm is applied to the data and reference signal symbols, to provide the best detection performance. 
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Figure 1: 2-bit ACK/NAK, 1% DTX detection target (left), 0.1% DTX detection target (right)
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Figure 2: 3-bit ACK/NAK, 1% DTX detection target (left), 0.1% DTX detection target (right)
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Figure 3: 4-bit ACK/NAK, 1% DTX detection target (left), 0.1% DTX detection target (right)

Table 2: DL : UL = 4 : 1

	b4 b3 b2 b1
	(A/N Channel, QPSK symbol)

	1111
	(h2, Q1)

	1110
	(h2,  Q4)

	1101
	(h4, Q1)

	1100
	(h4, Q3)

	1011
	(h1, Q2)

	1010
	(h4, Q2)

	1001
	(h1, Q3)

	1000
	(h4, Q4)

	0111
	(h3, Q1)

	0110
	(h3, Q2)

	0101
	(h3, Q3)

	0100
	(h3, Q4)

	0011
	(h2, Q2)

	0010
	(h2, Q3)

	0001
	(h1, Q1)

	0000
	DTX


3. Summary
In this contribution, we evaluate the ACK/NAK detection performance of multi-bit ACK/NAK transmission in TDD. It is shown that the approaches with PUCCH format 1 and format 2 have similar detection performance. On the other hand, the method with PUCCH format 1 [2] does not require additional PUCCH overhead to support multi-bit ACK/NAK transmission. Therefore, we recommend adopting the approach in [2] as the multi-bit ACK/NAK transmission scheme. 
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