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1. Introduction
CQI related to downlink (DL) channels needs to be feedback in uplink (UL) to support DL frequency selective, channel dependent scheduling. CDM has been adopted as the working assumption for transmission of UL data non-associated control signaling. Moreover, block spreading across OFDM symbols in each slot is generally assumed to increase multiplexing capacity. In this contribution, the link level performance of two proposed UL CQI transmission methods is compared. The first method considers CQI transmission by modulating a cyclic shifted CAZAC sequence, while the second method uses DFT-S-OFDM for the CQI transmission. These two methods are referred to as CAZAC sequence modulated and DFT modulated CQI transmission, respectively. Throughout this contribution, 6 cyclic shifts of a Zadoff-Chu (ZC) sequence in one RB are considered for multiplexing UEs having UL ACK/NAK and CQI transmission. 
2. Detailed Description of Uplink CQI Transmission Methods

2.1. CAZAC Sequence Modulated CQI Transmission
Figure 1 shows an example for multiplexing ACK/NAK and CQI UEs with CAZAC sequence modulated CQI transmission.
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Figure 1: ACK/NAK UE and CQI UE Multiplexing with CAZAC Sequence Modulated CQI Transmission
ACK/NAK and CQI UEs are orthogonally multiplexed with cyclically shifted CAZAC sequences in each block. Depending on the number of ACK/NAK bits, a UE modulates its assigned CAZAC sequence with BPSK or QPSK. CAZAC sequences for CQI UEs are QPSK modulated. Thus, for each CQI UE, 5 (i.e. 10 CQI information bits) or 6 (i.e. 12 CQI information bits) QPSK symbols can be transmitted in one slot, with 2 or 1 RS blocks for coherent demodulation, respectively. Further, block spreading is applied to ACK/NAK UEs, for both RS and ACK/NAK. Notice that the number of RS blocks for ACK/NAK UEs and CQI UEs can be different. Table 1 summarizes the multiplexing capacity of ACK/NAK UEs and CQI UEs with sequence modulated CQI transmission, assuming 3 RS blocks for ACK/NAK transmission.
Table 1: ACK/NAK and CQI Multiplexing Capacity with CAZAC Sequence Modulated CQI.
	Number of ACK/NAK UEs
	Number of CQI UEs

	18
	0

	15
	1

	12
	2

	9
	3

	6
	4

	3
	5

	0
	6


2.2. DFT Modulated CQI Transmission

Figure 2 shows an example for multiplexing ACK/NAK and CQI UEs with DFT modulated CQI transmission.

[image: image2.emf]C

10

C

9

C

8

C

7

C

6

C

5

C

4

C

3

C

11

C

2

C

1

C

0

S

6

S

5

S

4

S

3

S

2

S

1

S

0

Block spreading for ACK/NAK and CQI RS

Block spreading for ACK/NAK and CQI Bits

ACK/NAK and CQI Bits ACK/NAK and CQI RS

OFDM Symbol

Subcarriers


Figure 2: ACK/NAK UE and CQI UE Multiplexing with DFT Modulated CQI Transmission
For DFT modulated CQI transmission, 12 QPSK symbols are available per CQI UE per slot. Block spreading is applied for both CQI and ACK/NAK UEs. Essentially, CQI UEs are orthogonally multiplexed with ACK/NAK UEs in time through orthogonal block spreading codes. Notice that for DFT modulated CQI, the RS for ACK/NAK and CQI UEs should be the same. Table 2 summaries the multiplexing capacity of ACK/NAK and CQI UEs with DFT modulated CQI, for three RS blocks per slot.
Table 2: ACK/NAK and CQI Multiplexing Capacity with DFT Modulated CQI

	Number of ACK/NAK UEs
	Number of CQI UEs

	18
	0

	17
	1

	12
	2

	6
	3

	0
	4


3. Simulation Results
The link level simulation assumptions are listed in Table 3. Notice that a relatively high code rate is assumed because of the intra-cell orthogonality in E-UTRA UL and the relatively high BLER upper bound target of 10%. In one RB, 12 ACK/NAK UEs and 2 CQI UEs are multiplexed. For DFT modulated CQI and CAZAC sequence modulated CQI with 1 RS, a nominal number of 12 CQI bits is assumed for each CQI UE. For CAZAC sequence modulated CQI with 2 RS per slot, 10 CQI information bits are assumed for each CQI UE. No error correction coding is applied for CAZAC sequence modulated CQI transmission, i.e. 5/6 QPSK symbols per slot to transmit the 10/12 CQI information bits. For DFT modulated CQI transmission, a convolutional code of rate 1/2 is applied to 12 CQI information bits. In both cases, transmission is repeated in two slots to achieve frequency diversity. Since no CRC is currently applied for CQI transmission, the bit error rate (instead of the block error rate) is evaluated in this document.
Table 3: Link Level Simulation Assumptions

	Parameters
	Assumptions

	Numerology
	5MHz @ 2.0GHz

	Resource Block
	180 kHz (15 kHz x 12)

	Frequency Hopping Sub-frames
	2

	Block Spreading Codes
	Cyclic Shifted ZC Sequences

	Cyclic Shifts per LB
	6

	UE Velocity
	3 km/h or 350 km/h

	Channel Model
	SCM–C or PA

	Number of Receive Antennas
	1 or 2 – Uncorrelated

	Number of Transmit Antennas
	1

	Number of ACK/NAK Bits per ACK/NAK UE
	2

	Number of CQI Bits per CQI UE
	SEQ CQI 2 RS
	10

	
	SEQ CQI 1 RS
	12

	
	DFT CQI
	12

	Number of ACK/NAK UEs
	12

	Number of CQI UEs
	2

	Number of ACK/NAK RS Symbols
	3

	Number of CQI RS Symbols
	SEQ CQI
	1 or 2

	
	DFT CQI
	3

	Error Correction Coding
	SEQ CQI
	None

	
	DFT CQI
	Convolutional Code, Rate 1/2


Figures 3-6 show the BER of the ACK/NAK bits and CQI bits. The following observations can be drawn.

a. For low UE speeds, the ACK/NAK BER performance is the same between the two CQI transmission methods. Also, CAZAC sequence modulated and DFT modulated CQI transmissions have comparable BER.

b. For high UE speeds, ACK/NAK UEs multiplexed with CAZAC sequence modulated CQI UEs have higher error floor than the ACK/NAK UEs multiplexed with DFT modulated CQI UEs. On the other hand, CAZAC sequence modulated CQI outperforms the DFT modulated CQI transmission. Note that for CAZAC sequence modulated CQI, 3 ACK/NAK UEs are multiplexed in 4 of the 6 cyclic shifts, with one CQI UE in each of the remaining 2 cyclic shifts. For DFT modulated CQI, 2 ACK/NAK UEs are multiplexed on each of the 6 cyclic shifts, taking 2 of the 4 block spreading codes (of length 4), while the other 2 block spreading codes are used by the two CQI UEs. Thus, in high speed, the CQI UEs with the CAZAC sequence modulated scheme do not have inter-user interference since only one UE is assigned per CQI cyclic shift. On the other hand, the DFT modulated CQI sees inter-user inference. For ACK/NAK BER in high speed, the ACK/NAK UEs with CAZAC sequences modulated CQI observe more inter-user interference (3 ACK/NAK UEs per cyclic shifts) than the ACK/NAK UEs with DFT modulated CQI (2 ACK/NAK UEs and 2 CQI UEs. Note the CQI UEs have less power on the ACK/NAK cyclic shifts in this case because CQI is transmitted without using CAZAC sequence).
c. CAZAC sequence modulated CQI with 2 RS per slot outperforms CAZAC sequence modulated CQI with 1 RS and the DFT modulated CQI transmission, in all scenarios. Yet, only 10 CQI information bits are transmitted with CAZAC sequence modulated CQI with 2 RS per slot, while 12 CQI information bits are available for the later two methods.  
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Figure 3: ACK/NAK and CQI BER for 3 km/h UEs with 1 Rx Antenna, PA [left] and SCM-C [right].
[image: image5.emf]-10 -5 0

10

-2

10

-1

10

0

SNR (dB)

Information Bit Error Rate

1 RX, PA, 350km/h

 

 

DFT ACK/NAK BER, 2 Bits/UE

DFT CQI BER, 12 Bits/UE

SEQ ACK/NAK BER, 2 Bits/UE

SEQ CQI BER, 1 RS, 12 Bits/UE

SEQ ACK/NAK BER, 2 Bits/UE

SEQ CQI BER, 2 RS, 10 Bits/UE

  [image: image6.emf]-10 -5 0

10

-2

10

-1

10

0

SNR (dB)

Information Bit Error Rate

1 RX, SC, 350km/h

 

 

DFT ACK/NAK BER, 2 Bits/UE

DFT CQI BER, 12 Bits/UE

SEQ ACK/NAK BER, 2 Bits/UE

SEQ CQI BER, 1 RS, 12 Bits/UE

SEQ ACK/NAK BER, 2 Bits/UE

SEQ CQI BER, 2 RS, 10 Bits/UE


Figure 4: ACK/NAK and CQI BER for 350 km/h UEs with 1 Rx Antenna, PA [left] and SCM-C [right]
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Figure 5: ACK/NAK and CQI BER for 3 km/h UEs with 2 Rx Antennas, PA [left] and SCM-C [right].
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Figure 6: ACK/NAK and CQI BER for 350 km/h UEs with 2 Rx Antennas, PA [left] and SCM-C [right].
4. Conclusions
In this contribution, the ACK/NAK and CQI BER/BLER performance was compared for CAZAC sequence modulated and DFT modulated CQI transmission. While for low UE speed, CAZAC sequence modulated CQI has similar performance to DFT modulated CQI, it has better CQI BER but with higher ACK/NAK error floor for high speed UEs. For CAZAC sequence modulated CQI, 2 RS symbols can significantly improve performance, with 10 CQI information bits per UE, and it somewhat outperforms DFT modulated CQI which however transmits 12 information bits.
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