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1 Introduction

It has been agreed that for the case when no simultaneous data transmission is assumed the control signalling uses a reserved time frequency region. In addition, it has been concluded that for UL ACK/NACK transmission, a coherent demodulation based structure with 3 RS per slot is used. However, the CQI transmission structure is still left undetermined. 
There are two candidate structures for CQI transmission. One is DFT-S-OFDM based [1]. The other is the CAZAC sequence modulation based [2][3][4]. This contribution compares these two candidates. The DFT-S-OFDM based structure is preferred.
2 CQI transmission structure
Two structures on CQI transmission have been proposed. One is the DFT-S-OFDM based, where the QPSK symbols are DFT-precoded and block-level spreading within a slot is used. The other is the CAZAC sequence modulation based, where the QPSK symbols are modulated by a CAZAC sequence in each block. An analysis about these two structures is provided in the following paragraphs.
1. DFT-S-OFDM based CQI transmission structure is much more efficient in carrying larger CQI packets and can enable more flexible control of CQI format by using different spreading factors.
For sequence modulation based CQI transmission structure, only one modulation symbol per data block can be transmitted. In order to support 10~12 bits CQI in a subframe, only a coding rate of 1/2 can be applied. However, in order to provide a more reliable CQI transmission performance, a lower coding rate such as 1/4 may be needed for E-UTRA uplink control signaling.
For DFT-S-OFDM based CQI transmission structure, a coding rate of 1/4 can be applied since 24 QPSK symbols can be supported for a UE, which translates into a greater coding gain when compared with the sequence modulation based one. This means that DFT-S-OFDM based CQI transmission structure is much more efficient in carrying larger CQI packets. Besides, it can enable more flexible control of CQI format (spectral efficiency) by using different spreading factors which is useful for MIMO precoding and frequency selective scheduling of UEs. This feature of the DFT-S-OFDM scheme may be important considering multiple CQI formats will be potentially supported by the E-UTRA.
Although the number of simultaneously multiplexed users with CQI that can be supported with DFT-S-OFDM depends on the block spreading factor (e.g. 4 with 3 RSs and 5 with 2 RSs), we see that the notable increase in the number of modulated QPSK symbols available for each user is a more important issue in optimizing the PUCCH.
2. DFT-S-OFDM based scheme is more compatible for different data block configurations.
For sequence modulation based CQI transmission structure, the number of CQI bits transmitted in one subframe suffers not only from flexibility in terms of CQI size, but also from the number of data blocks available for CQI transmission under different frame structures, e.g., FDD and TDD, or whether it is multiplexed with ACK/NACK or not. Now most companies recommend that CQI+ACK/NACK structure is the same as CQI only structure.

For example, in the FDD case, under the extended CP numerology, when a UE has a simultaneous ACK/NACK and CQI to transmit, only 4 data blocks per subframe are available for CQI if we assume 4 data blocks for RS and 4 data blocks for reliable ACK/NACK. But 4 QPSK modulation symbols are impossible to carry 10~12 bits CQI.
For the TDD case, UE needs to report its CQI for downlink scheduling, probably with a longer report period compared to the FDD case. Considering the frame structure type 2 with short CP numerology, no more than 8 QPSK symbols can be utilized for CQI (CQI+ACK/NACK) transmission in case of sequence modulation, which is obviously not enough for a 10~12 bit CQI especially when a UE has a simultaneous ACK/NACK.
However, DFT-S-OFDM based CQI transmission has no such problem because the baseline QPSK symbol space supported for a UE is determined by the sub-carrier number in a RB, which is constant under all frame structures. Different frame structures may imply different numbers of simultaneous CQI reporting users. 
Considering the FDD case under the extended CP numerology, for both CQI only and ACK/NACK+CQI transmission, things can be done exactly in the same way as what has been done under the normal CP numerology, except for changing of the block spreading factor. For example, when a UE has a simultaneous ACK/NACK and 10 bits CQI, if 8 out of 24 QPSK symbols are allocated for ACK/NACK transmission under the normal CP numerology, the same can be done under the extended CP numerology.
3. Better DTX to ACK error performance can be achieved by DFT-S-OFDM based CQI transmission structure if assuming a comparable proportion of QPSK symbol space occupied by ACK/NACK after multiplexing with a simultaneous CQI from the same UE.
When a UE has a simultaneous ACK/NACK and CQI to transmit, most companies prefers that they are time multiplexed on QPSK symbol level and are transmitted on the CQI resources. Then the DTX to ACK error performance in case of downlink scheduling information miss detection should be carefully considered when comparing the two CQI transmission structures. In this situation, UE does not transmit ACK/NACK along with its CQI, while Node B expects the multiplexing of UE’s ACK/NACK and CQI. The CQI+ACK/NACK structure should provide a low DTX to ACK error. Although the target quality of DTX to ACK error rate is set to 1e-2 ~ 1e-1[5], the lower error rate is better because it has an impact on higher layer error requirement. 
In the following discussion, we assume that for both candidate CQI transmission structures, ACK/NACK would take a comparable proportion of QPSK symbol space when multiplexing with a simultaneous CQI from the same UE. For example, if it is assumed that 4 out of 10 QPSK symbols would be occupied by ACK/NACK in sequence modulation based CQI transmission structure, 8 out of 24 QPSK symbols (for 10~12 bits CQI) and 4 out of 12 QPSK symbols (for 5 bits CQI) would be occupied by ACK/NACK in DFT-S-OFDM based CQI transmission structure.
When a UE fails in detecting of downlink scheduling information, it would report a pure CQI while NodeB expects a simultaneous ACK/NACK and CQI. In this case, for sequence modulation based CQI transmission structure, if the phase pattern of the 4 CQI QPSK symbols which is considered to be occupied by ACK/NACK is the same with the phase pattern of an ACK transmitted on them, it is probably to receive an ACK for NodeB.
However, for DFT-S-OFDM based CQI transmission structure, if 10~12 bits CQI is assumed, there would be 8 independent CQI QPSK symbols to be considered as occupied by ACK/NACK when a UE fails in detecting of downlink scheduling information. The probability of a collision between the phase pattern of the 8 CQI QPSK symbols and the phase pattern of an ACK is much lower than the case of 4 CQI QPSK symbols, which helps in providing a better DTX to ACK error performance. If 5 bits CQI is assumed, 4 out of 12 QPSK symbols would be occupied by ACK/NACK. In this case, slot based phase repetition can be used for CQI, while slot based phase reversing can be used for ACK/NACK, which can also be helpful in providing a better DTX to ACK error performance.
For the reasons above, the DFT-S-OFDM based CQI transmission structure is preferred.

3 Conclusion

When compared with sequence modulation based CQI transmission structure, the DFT-S-OFDM based CQI transmission structure is more efficient in carrying larger CQI packets and more compatible under different frame structures and numerologies. Besides, it can achieve better DTX to ACK error performance in case of downlink scheduling information miss detection if a comparable proportion of QPSK symbol space occupied by ACK/NACK is assumed when a UE has a simultaneous ACK/NACK and CQI for these two structures. So DFT-S-OFDM based CQI transmission structure is preferred.
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