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1 Introduction 

The CQI is agreed in RAN1-49 to use modulated CAZAC sequences. The PUCCH format with two RS blocks per slot will apply for CQI transmission is agreed in n RAN1-49bis.  The generation of the PUCCH sequence is agreed to reuse of the PUSCH CAZAC sequence in RAN1-50.  If additional CQI bits are needed, the enhanced CAZAC sequence modulation scheme in [7] is for further study.  The PUCCH formats for CQI and ACK/NAK control signaling have been agreed.   However, there are several proposals to multiplex the ACK/NAK into CQI.  In this study, we show a simple format for transmitting ACK/NAK and CQI in the same time.  
_______________________________________________________________________________________________

2 Transmitting CQI and ACK/NAK  
The proposals of ACK/NAK and CQI multiplexing are dropping CQI, CQI puncturing for ACK/NAK [2], [4], joint coding of CQI and ACK/NAK [3], [5], and implicit multiplexing [1], [6].   The proposal of dropping the CQI when ACK/NAK is transmitted in the same time will have the results of the degradation in MCS selection for the DL scheduler.  In particular, the CQI will be dropped frequent if the UE is scheduled for DL transmission very often.  The CQI puncturing for multiplexing with ACK/NAK will have performance disparity between CQI and ACK/NAK.  The CQI puncturing needs excessive energy in order to achieve ACK/NAK target performance.  The joint coding of CQI and ACK/NAK provides the gain.  However, the complexity increases dramatically.   The implicit multiplexing of ACK/NAK in [1], [6] provides the benefit of the balanced performance and less complexity.   The dual CAZAC sequence approach in [6] provides a reduction of performance disparity between CQI and ACK/NAK but increasing the complexity a little in the hypothesis testing.  The orthogonal covering to multiplex ACK/NAK with CQI in [1] uses the orthogonal cover on the RS for separation of ACK+CQI and NAK+CQI.  Since the PUCCH is slot hopping, the allocation of the 2 RS is in different sub-band.  If the phase rotation is around 180 degree, it will change sign on the orthogonal covering and result in error.  The implicit signaling proposal in [1] would need additional technique to cover the DTX of ACK/NAK transmission case.
The proposed ACK/NAK and CQI multiplexing scheme is a simplified version of [6] with no additional complexity in both ACK/NAK and CQI decoding.  The proposal is as follows,

· Each user assigns a pair of two consecutive CAZAC sequence indexes – C1 and C2

· C1 is for CQI along without ACK/NAK or CQI+NAK or CQI+DTX - The HARQ in LTE is self-decodable.  Receiving NAK and DTX of ACK/NAK will trigger the HARQ retransmission.   Thus, it does not have separate hypothesis testing for NAK and DTX.  One CAZAC sequence is enough to cover both CQI+NAK and CQI+DTX cases.  The case of CQI+DTX is the same as that of CQI along.  

· C2 is for CQI+ACK – A separate CAZAC sequence is used for CQI+ACK.  

The detection of the C1 or C2 sequence through simple CAZAC sequence hypothesis testing will indicate if it is CQI+ACK, CQI+NAK or CQI+DTX.  The performance of CQI along or CQI multiplexing with ACK/NAK or DTX remains the same.  This proposal does not have performance disparity between CQI and ACK/NAK.  It would change the PAPR either.  The phase rotation would not create ambiguity in separation of CQI+ACK and CQI+NAK.  
2.1 Allocation of Pair Sequence and CAZAC Sequences allocation
Six out of 12 cyclic shifts of the CAZAC sequences with one shift separation for PUCCH is allocated for the CQI to prevent the interference caused by large delay spread.  If a pair of consecutive shift of the CAZAC sequences is assigned to a user, it could have the allocation as follows,
· Heavily loaded system – The number of the users requires for PUCCH resource allocation for CQI reporting is high.. The chance of having the CQI and ACK/NAK in the same time is much smaller since the average scheduled cycle is long.  Six pair of CAZAC cyclic shifts, such as (1,2) (3,4) (5,6) (7,8) (9,10) (11,12) could be assigned to 6 different users.  When the CQI is transmitted only, the odd sequence is used.  The property of one cyclic shift separation to prevent interference still upholds most of time because the small probability of the CQI and ACK/NAK presents in the same time.  The number of users supported in the PUCCH will not change comparing to CQI only case.  
· Lightly loaded system – The resource allocation for CQI reports in PUCCH is less demanding.  The chance of having the CQI and ACK/NAK in the same time increases since the scheduled cycle is much shorter.  For pair of CAZAC cyclic shifts could be assigned (1,2) (4,5) (7,8) (10,11) to maintain the one shift separation between users.  This would have no performance impact at all.  Since the system is lightly loaded, there would not have any concern of CAZAC sequence resource allocation.
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Figure 1: Allocation of CAZAC sequence cyclic shift in lightly loaded and heavyly loaded system
3 Concluding Remarks

A simple pair of CAZAC sequence shift is proposed to have one for CQI along, CQI+NAK, and CQI+DTX and the other for CQI+ACK. The complexity increase of PUCCH detection is minimal.  No performance disparity between CQI and ACK/NAK.  The system could also assign the pair of CAZAC sequence cyclic shift dynamically based on the system load.  
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