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1. Introduction
Coherent transmission with 2 reference signal (RS) OFDM symbols per slot has been agreed for CQI transmission in uplink (short CP). With QPSK modulation, 20 coded bits are available per CQI UE within one subframe. Further, with CDM multiplexing by cyclic shifted CAZAC sequences, multiple CQI UEs can be multiplexed on one resource block (RB). Ideally, 12 CQI UEs can be supported within one RB. However, due to spillover between consecutive cyclic shifts, it is recommended that not all 12 cyclic shifts are utilized. Figure 1 shows an example of 6 CQI UEs multiplexed within one RB, where C0 – C11 represent the 12 cyclic shifts per RB and S0 – S6 denote the 7 OFDM symbols per slot.
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Figure 1: Example of Multiplexing 6 UEs within One RB
In case a UE needs to transmit CQI and ACK/NAK simultaneously in uplink, several proposals exist, which can be classified into two categories:

1. The CQI bits and the ACK/NAK bits are jointly coded [1], or the coded CQI bits are punctured to make room for ACK/NAK bits, which is then multiplexed with coded CQI bits in time domain [2].
2. The ACK/NAK bits are embedded in the CQI RS [3].
The advantage of approach 2 over approach 1 is that the coding scheme of CQI does not depend on whether simultaneous ACK/NAK bits exist or not. With approach 1, in DTX when the UE misses the DL grant and does not transmit the ACK/NAK bits, the Node-B erroneously decodes the CQI bits with the assumed coding scheme in which ACK/NAK bits are transmitted. In [3], it is proposed that the simultaneous ACK/NAK bits are embedded in the CQI RS position. To dimension for 2 ACK/NAK bits per UE (4 cyclic shifts) and 1 cyclic shift guard between UEs, 5 cyclic shifts are assigned to each UE. With 2 CQI RS OFDM symbols per slot, a maximum of 4 CQI UEs can be multiplexed with the scheme in [3], which is 33% less than approach 1 where 6 CQI UEs can be supported in one RB. 

In this contribution, we propose to embed the simultaneous ACK/NAK bits in the second CQI RS by modulating it with BPSK or QPSK, depending on the number of ACK/NAK bits. With the proposed method, we maintain the CQI multiplexing capacity of 6 UEs per RB, and the advantage that the CQI coding scheme does not depend on the existence of simultaneous ACK/NAK bits.  
2. Proposed Method

Figure 2 shows the proposed method, where the ACK/NAK BPSK (1 ACK/NAK bit) or QPSK (2 ACK/NAK bits) symbols are used to modulate the cyclic shifted CAZAC sequence in the second CQI RS OFDM symbol. At the receiver side, the ACK/NAK bits are first decoded with the two CQI RS OFDM symbols. The second CQI RS is utilized as CQI channel estimation after removing the decoded ACK/NAK QAM symbols. This leads to CQI BLER performance loss due to the erroneous decoding of ACK/NAK bits, compared to the case where there are no simultaneous ACK/NAK bits. However, in the next section, we show by simulation that the CQI BLER performance degradation is negligible for 1 ACK/NAK bit, and about 0.6 dB with 2 ACK/NAK bits.
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Figure 2: Simultaneous ACK/NAK + CQI Transmission by Modulating the Second CQI RS, for UE 1 and UE 2
3. Simulation Results
In this section, we show simulation results of the proposed method. The link level simulation assumptions are listed in Table 1. Figure 3 shows the ACK/NAK BER and the CQI BLER in PA and SC channels with UE speed of 3 km/h and 1 ACK/NAK bit per UE. The CQI BLER without ACK/NAK bits is also included in the plots. It is clear that the CQI BLER with 1 ACK/NAK bit performs very closely to the CQI only case. Figure 4 shows the CQI BLER with 2 ACK/NAK bits per UE at 3 km/h. In SC channel, the CQI BLER with 2 piggybacked ACK/NAK bits is similar to the CQI only BLER. In PA channel, CQI BLER with 2 ACK/NAK bits degrades about 0.5 dB compared to the CQI only case. Figures 4 and 5 show the ACK/NAK BER and CQI BLER at UE speed of 60 km/h, where similar observations are made.
Table 1: 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
	6

	Number of CQI Bits Per UE
	10

	Number of ACK/NAK Bits Per UE
	1 or 2

	CQI Coding Scheme
	Convolutional Coding Rate ½

	UE Velocity
	3 km/h or 60 km/h

	Channel Model
	PA or SC

	Number of Receive Antennas
	2 – Uncorrelated

	Number of Transmit Antennas
	1
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Figure 3: CQI BLER with 1 ACK/NAK Bit, PA (left), SC (right), 3 km/h 
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Figure 4: CQI BLER with 2 ACK/NAK Bits, PA (left), SC (right), 3 km/h
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Figure 5: CQI BLER with 1 ACK/NAK Bit, PA (left), SC (right), 60 km/h 
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Figure 6: CQI BLER with 2 ACK/NAK Bits, PA (left), SC (right), 60 km/h
4. Conclusions
In this contribution, we propose to embed the simultaneous ACK/NAK bits in the second CQI RS OFDM symbol, by modulating the cyclic shifted CAZAC sequence with BPSK or QPSK symbols. With the proposed method, 6 CQI UEs can be multiplexed in one RB and the CQI coding scheme does not depend on the existence of ACK/NAK bits. Simulation results show that the CQI BLER performance degradation by piggybacking the ACK/NAK bits is very small for 1 ACK/NAK bit and about 0.5 dB for 2 ACK/NAK bits.
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