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1. Introduction
Coherent transmission has been agreed for CQI on PUCCH. Figure 1 shows the CQI subframe structure for short and long CP, where 2 CQI reference signals (RS) exist for short CP and 1 CQI RS exists for long CP. With QPSK modulation, 20 coded CQI bits are available per UE within one subframe. Further, with CDM through cyclic shifted CAZAC-like 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.
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Figure 1: CQI Slot Structure, Short CP (left), Long CP (right)

Note 20 coded bits per subframe may not be sufficient to provide good CQI reliability and/or enough CQI transmission capacity. Particularly, when simultaneous ACK/NAK bits exist within the CQI subframe, up to 16 information bits need to be transmitted [1]. In this contribution, we propose an enhanced CQI transmission scheme by assigning multiple cyclic shifts to a UE. Without loss of generality, assume N cyclic shifts are assigned to a UE for its CQI transmission, each CQI OFDM symbol can carry log2N + 2 CQI information, where log2N bits are used to select a cyclic shift, and additional 2 CQI information bits can be conveyed by modulating the cyclically shifted sequence with a QPSK symbol. It is shown that the proposed enhanced CQI scheme achieve much better CQI BLER.
2. Proposed Method
In this section, we provide an example of enhanced CQI transmission when 2 cyclic shifts are assigned to a UE. Table 1 lists the mapping between the coded CQI bits to the QPSK symbol, which is transmitted on one of two cyclic shifts. Thus, 30 coded CQI bits can be transmitted within a subframe. Note it is also possible to use higher order modulation (e.g. 8PSK) and/or more cyclic shifts to further increase the CQI transmission capacity, i.e. number of CQI information bits per UE.
Table 1: CQI Bits Mapping, with 2 Cyclic Shifts per UE

	(Coded) CQI Bits
	Cyclic shift 1
	Cyclic shift 2
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3. Simulation Results
Table 2: 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

	Number of CQI Bits
	10, 15, or 20

	UE Velocity
	3 km/h, 30 km/h, 60 km/h, or 120 km/h

	Channel Model
	SC

	Number of Receive Antennas
	2 – Uncorrelated

	Number of Transmit Antennas
	1

	Frame Structure
	Short CP


In this section, we compare the CQI BLER of the proposed method with the baseline CQI transmission scheme, where only one cyclic shift is assigned to a UE. Table 1 lists the link level simulation parameters, while Table 2 lists the CQI coding scheme. Punctured tail biting convolutional coding (CC) is assumed as the coding scheme for CQI. Rate 1/2 and rate 1/3 CC are assumed as the root coding schemes where the generator polynomial (Octal) is [G0=133, G1=171, G2=165] for rate 1/3 and [G0=133, G1=171] for rate 1/2, respectively.
Table 3: CQI Coding Schemes

	Method
	Number of Cyclic Shifts
	Number of CQI Bits
	CQI Coding Scheme

	Baseline
	1
	10
	Rate 1/2, (10, 20)

	
	
	15
	Rate 1/2, (15, 20)

	
	
	20
	No coding, (20, 20)

	TI
	2
	10
	Rate 1/3, (10, 30)

	
	
	15
	Rate 1/2, (15, 30)

	
	
	20
	Rate 1/2, (20, 30)
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Figure 2: CQI BLER with Enhanced CQI Transmission, 3 km/h (left) and 30 km/h (right)
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Figure 3: CQI BLER with Enhanced CQI Transmission, 60 km/h (left) and 120 km/h (right)
Figures 2 – 3 shows the CQI BLER of the baseline method and the proposed enhanced scheme, for various UE speeds. The proposed enhanced CQI transmission scheme achieves significantly better CQI BLER than the baseline, due to increased coding gain. The improvement is much more substantial for large number of CQI information bits, e.g. 15 or 20 CQI information bits per subframe. Moreover, increasing UE speed from 3 km/h to 60 km/h does not impact the CQI BLER significantly.
4. Conclusions
In this contribution, we propose an enhanced CQI transmission scheme, where multiple cyclic shifts are assigned to a UE for its CQI transmission. Assuming N cyclic shifts, log2N + 2 CQI coded bits can be transmitted in each CQI OFDM symbol, where log2N bits are used to select a cyclic shift and 2 additional coded CQI bits can be conveyed by a QPSK symbol. Simulations show the proposed method offers substantial improvement in CQI BLER for various UE speeds. The improvement is more accentuated for large CQI payloads which the proposed scheme is intended for. It is thus evident that the proposed method is instrumental in either increase the CQI reliability or the CQI transmission capacity.
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