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1. Introduction

It has been agreed that for the case when no simultaneous data transmission is assumed the control signaling uses a reserved time frequency region.   In addition, CDM is used to multiplex different UEs transmitting uplink control signalling on the same frequency resource.  In this contribution, multiplexing of uplink control signalling (ACK/NACK and CQI) is discussed.
2. ACK/NACK

In case of ACK/NACK only transmission, Figure 1 illustrates the ACK/NACK structures with and without reference signals.  To support the maximum number of multiplexed users, both frequency domain and time domain code multiplexing are used.  In the frequency domain, different cyclic shifts of a CAZAC sequence are used to differentiate users.  For instance, with sequence length of 12 corresponding to one resource block, 6 available cyclic shifts are possible.  In the time domain, block spreading is used to further multiplex additional users.  The amount of this time domain spreading depends on whether reference signal is present or not.  In the example shown in Figure 1, spreading factor of 3 and 7 are available for the coherent and non-coherent methods, respectively.  
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Figure 1.  ACK/NACK CDM Structure with and without reference signals.

As shown in [2], performance for coherent and non-coherent demodulation is similar.  Therefore, the multiplexing structure should depend on other factors such as multiplexing capability and support for a mixture of 1-bit and 2-bit acknowledgements.  The non-coherent structure offers slightly better multiplexing capacity with 1-bit ACK/NACK.  However, for a mixture of 1-bit and 2-bit ACK/NACK, the coherent structure offers greater multiplexing capability as well as ease of implementation.  Each user may be implicitly assigned a different cyclic shift of the CAZAC sequence which can convey either 1 or 2 bits of feedback using BPSK or QPSK modulation (i.e. sequence is modulated by acknowledgment symbol).  With non-coherent structure, either user must be implicitly assigned four shifts regardless of the number of ACK/NACK bit or the assignment may have to be done explicitly.  This is especially true if 2-bit ACK/NACK based on packet size is also supported for non-MIMO transmission.
3. CQI
With CQI reporting, different types of reports, such as wideband, narrowband, and differential reports should be supported to efficiently trade-off uplink overhead and downlink performance.  In addition, as discussed in [3], the number of bits per CQI report sent on a subframe basis should not be higher than 10.  The proposed CQI structure is shown in Figure 2 where a structure identical to data sub-frame is shown.  Note that in this case only CQI is present.  The transmission spans the entire 1ms sub-frame and, as a result, six different users may be multiplexed within the sub-frame via different cyclic shifts of a CAZAC sequence.  Only QPSK modulation is supported which results in 24 available block-coded bits for CQI transmission.   It remains under investigation whether one reference signal per slot is sufficient for channel estimation, so the final number of available QPSK symbols for CQI may be less than 12.
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Figure 2.  CQI structure - users are multiplexed using different cyclic shifts.

In [3], an overhead analysis for CQI feedback with CDM multiplexing is shown with several recommendations provided with regard to CQI design in order to maintain reasonable overhead.
4. CQI and ACK/NACK

When a UE has both CQI and ACK/NACK to send in the same subframe, TDM multiplexing is shown in Figure 3.  The two uplink control signals are encoded and transmitted separately in order to satisfy different performance requirements.  Note that the symbol partition shown in the figure is for illustrative purposes only and additional study is required once performance requirements and coding schemes for CQI and ACK/NACK are finalized.
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Figure 3.  CQI and ACK/NACK transmission from the same UE.

An alternate structure is to allow joint coding of ACK/NACK and CQI to provide some coding gain for the ACK/NACK.  In general, this is not preferred since it will be difficult to achieve the target performance requirements for both ACK/NACK and CQI.
5. Multiplexing of Control Signals
Since all proposed control signalling employs code-division multiplexing, multiplexing of different types of control signals within the same control resource should be possible.  That is, within one control resource it should be possible to have ACK/NACK, CQI, and ACK/NACK + CQI transmissions (combination of Figure 1 to Figure 3).  For the example used here, one cyclic shift of a CAZAC sequence can support either 3 ACK/NACKs, 1 CQI, or 1 CQI + ACK/NACK.  In addition, six cyclic shifts are available per control resource of size 12 subcarriers.
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