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1. Introduction

Joint coding of ACK/NAK and CQI is assumed as the transmission scheme in long cyclic prefix frame structure, as shown in Figure 1. Note there is only one CQI reference signal (RS) per slot. In this contribution, we study the performance of joint ACK/NAK and CQI transmission in long CP frame structure.
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Figure 1: Joint ACK/NAK and CQI Transmission in Long CP Frame Structure
2. Joint ACK/NAK and CQI Transmission in Long CP
2.1. DTX Detection
Without loss of generality, denote NCQI and NA/N as the number of CQI and ACK/NAK data bits, respectively. Moreover, denote Ncoded as the number of coded bits per subframe (e.g. Ncoded = 20). 
If a UE misses a DL grant, no ACK/NAK is transmitted (i.e. DTX) by the UE, while the NodeB is expecting transmissions of ACK/NAK. Since ACK/NAK is jointly coded with CQI, NodeB has to performance blind decoding for DTX detection. In other words, NodeB decodes the received signals with coding scheme (NCQI, Ncoded) and coding scheme (NCQI + CA/N, Ncoded), respectively, and picks the most likely outcome. 
Denote CB1 as the codebook for coding rate (NCQI, Ncoded) and CB2 as the codebook for coding rate (NCQI + CA/N, Ncoded). Note that CB1 and CB2 consist of codewords of length Ncoded. To provide reliable DTX detection, it is preferable that CB1 and CB2 do not have any common codeword, i.e. CB1 ∩ CB2 = Ø. Otherwise, there exists irreducible ACK/NAK DTX detection error floor if the common codeword is transmitted.
Alternatively, it is possible to achieve ACK/NAK DTX detection by embedding DTX in CQI RS. Samsung pointed out one such solution on the email reflector by orthogonal covering (OC) selection on the CQI RS across two slots. Table 1 shows the corresponding mapping scheme.

Table 1: DTX Detection for Joint ACK/NAK and CQI Transmission in Long CP with CQI RS OC Selection
	
	Slot 0, CQI RS
	Slot 1, CQI RS

	CQI Only
	1
	1

	CQI + ACK/NAK
	1
	-1


Another option is to employ cyclic shift selection on CQI RS to achieve DTX detection. Table 2 shows an example, where S(k) is the UE specific cyclic shift on the CQI RS symbols. 

Table 2: DTX Detection for Joint ACK/NAK and CQI Transmission in Long CP with Cyclic Shift Selection

	
	Slot 0, CQI RS
	Slot 1, CQI RS

	CQI Only
	S(k)
	S(k)

	CQI + ACK/NAK
	S(k) + 1
	S(k) + 1


2.2.  High Speed Performance
Since there is only one CQI RS per slot, the channel estimation in high speed environment is in general poor. Although it is commonly accepted that performance shall be optimized for low UE mobility, having significant CQI BLER error floor in high speed is non-ideal. In contrast to joint ACK/NAK and CQI transmission in long CP frame structure, ACK/NAK and CQI can be transmitted in a TDM fashion, as shown in Figure 2. The ACK/NAK bits are conveyed by modulating the ACK/NAK OFDM symbol with the corresponding BPSK or QPSK symbol. Moreover, the ACK/NAK OFDM symbol can be used as CQI RS for improve the channel estimates. 
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Figure 2: TDM Transmission of ACK/NAK and CQI in Long CP Frame Strcutre
3. Simulation Results
Table 3: Number of CQI, Rank, and ACK/NAK Bits

	
	2-Tx Antennas
	4-Tx Antennas

	
	Short CQI
	Rank = 1
	Rank = 2
	Rank = 1
	Rank >1

	Number of CQI Bits
	4
	8
	10
	9
	12

	Number of A/N Bits
	1
	2


Table 4: CQI Coding Schemes
	
	TDM ACK/NAK and CQI
	Joint ACK/NAK and CQI

	Short CQI
	RM(4, 16)
	RM(5, 20)

	1 Rank Bit
	Rank = 1
	RM (8, 16)
	RM (9, 20)

	
	Rank = 2
	RM (10, 16)
	RM (11, 20)

	2 Rank Bits
	Rank = 1
	RM (9, 16)
	RM (11, 20)

	
	Rank > 1
	RM (12, 16)
	RM (14, 20)


Table 5: Link Level Simulation Assumptions

	Parameters
	Assumptions

	Numerology
	5MHz @ 2.0GHz

	Resource Block
	180 kHz (15 kHz x 12)

	Frequency Hopping Subframes
	2

	Number of UEs
	1

	UE Velocity
	3 km/h or 350 km/h

	Channel Model
	SC

	Number of Receive Antennas
	2 for 1 Rank Bit; 4 for 2 Rank bits

	Number of Transmit Antennas
	1

	Frame Structure
	Long CP


In this section, we compare the ACK/NAK and CQI performance for the joint approach and the TDM approach in long CP frame structure. Table 1 lists the number of CQI bits and ACK/NAK bits. Table 2 lists the coding scheme for CQI. Reed-Muller (RM) code [1] is assumed in this document. Table 3 lists other parameters of link level simulations. Note no Rank information is transmitted. In other words, it is assumed that Rank transmission is separate from CQI and the Rank information is always correctly received by NodeB.

In low speed environment, with TDM ACK/NAK and CQI transmission, the ACK/NAK bits are decoded first. The ACK/NAK OFDM symbol is further used to improve the CQI channel estimation. The decoding algorithm is similar to Section 3.1 in [2]. 

In high speed environment, blind decoding is adopted for TDM ACK/NAK and CQI transmission, similar to Section 3.2 in [2].

Figures 3 – 7 compare the ACK/NAK and CQI performance for joint and TDM ACK/NAK and CQI transmission in long CP frame structure. It is shown that TDM achieve better performance.
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Figure 3: 4 CQI Bits with 1 ACK/NAK Bit, 3 km/h (left), 350 km/h (right)
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Figure 4: 8 CQI Bits with 1 ACK/NAK Bit, 3 km/h (left), 350 km/h (right)
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Figure 5: 9 CQI Bits with 2 ACK/NAK Bits, 3 km/h (left), 350 km/h (right)
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Figure 6: 10 CQI Bits with 1 ACK/NAK Bit, 3 km/h (left), 350 km/h (right)
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Figure 7: 12 CQI Bits with 2 ACK/NAK Bits, 3 km/h (left), 350 km/h (right)
4. Conclusions
In this contribution, we discuss possible solutions to achieve DTX detection for joint ACK/NAK and CQI transmission in long CP frame structure. In addition, we compare the ACK/NAK and CQI performance of the joint approach and TDM approach in long CP structure. Simulations show that the TDM approach can improve CQI channel estimate by utilizing the ACK/NAK OFDM symbol, thus achieve better performance than the joint ACK/NAK and CQI transmission scheme.
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