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1. Introduction

In RAN1#46bis, it was agreed that in the presence of data transmission, UE will multiplex L1/L2 control signaling with data prior to the DFT.  However, details of the multiplexing structures were not discussed.  This contribution presents a multiplexing method based on puncturing of the data to accommodate control signalling.
2. Uplink Control Signalling
According to [1], uplink control signalling can be divided into two categories –
· Data-associated control signalling: This control signalling is always transmitted with and used in the processing of data packet.  Examples of this control signalling include transport format, new data indicator, and MIMO parameters.  In [2], it was proposed that all uplink transmission parameters be controlled by the Node B since it may be costly to provide reliable control information.  With this approach, only the new-data indicator may need to be transmitted by the UE to H-ARQ.   In addition, it is to be considered whether the new-data indicator is needed since an ACK may be used instead [3].
· Control signalling not associated with data: This control signalling is transmitted independently of uplink data packet.  Examples of this control signalling include ACK/NACK, CQI, and MIMO codeword feedback.  In the absence of uplink data transmission, this control signalling is transmitted in a reserved frequency region.  In the presence of uplink data transmission, this control signalling is multiplexed with data prior to the DFT.
In practice, multiplexing of control signalling with uplink data is challenging due to the different performance requirements between data and control.  In addition, not all non-data associated control fields may be present during data transmission which can complicate the multiplexing design.  This issue may be somewhat alleviated by scheduling around the non-data associated control signalling.  However, this imposes restrictions on the scheduler and may not be practical in many scenarios (e.g. with persistence scheduling, re-transmission with synchronous H-ARQ, for delay sensitive services such as VoIP, etc.). 
3. Multiplexing of Control Signalling with Data
To preserve the single-carrier property of uplink transmission, L1/L2 control signalling must be multiplexed with data prior to the DFT when both data and control are to be transmitted in the same TTI.  This may be performed as shown in Figure 1 where uplink data is uniformly punctured to provide room for control signalling.  Naturally, in case of Turbo coding, puncturing is only performed on the parity bits.  Since the Node B has prior knowledge of uplink control signalling transmission, it can easily de-multiplex control and data packets.  In addition, a power boosting factor may be applied when data is punctured to ensure similar data packet performance to when control is absent.  This is especially important in the case of re-transmission since the data MCS cannot be changed due to synchronous H-ARQ operation in the uplink.  This appropriate power boosting factor can be calculated based on the coding rate reduction resulting from puncturing.   With appropriate power adjustment there should be little effect on the H-ARQ performance at the receiver.  Of course, power boosting is not possible when the UE is power-limited (e.g. at the cell edge). 
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Figure 1.  Multiplexing of Control Signalling with Data.
Figure 2 illustrates typical performance degradation due to Turbo-code puncturing for both QPSK and 16-QAM.  From the figure, it is seen that the performance loss depends on the initial coding rate.  However, it may be observed that in general the amount of resources required to accommodate control information is small and less than 1dB degradation can be expected.  As a result, appropriate power boosting should be comfortably accommodated unless the UE is already in a power-limited situation (e.g. cell edge transmission).
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Figure 2.  Typical performance loss due to puncturing (Turbo Code).
Since both control and data must be transmitted with the same power, reliable reception of control information can be achieved through appropriate selection of modulation and coding.  Since these control fields are generally small, codeword mapping is use to provide additional protection. Subsequent to codeword mapping, repetition (if necessary) and modulation selection are performed according to information about the channel.  Obviously, this selection can be tied to the MCS of the data block to aid in the decoding.  In addition, it should also depend on the uplink data transmission method (L-FDMA or L-FDMA with hopping).  This is because these two transmission methods have different target error rates for the same selected MCS.  As a result, control power requirement relative to the two transmission methods is different.  
Two possible codeword mappings for the control signalling are as follows –
· Single codeword:  In this case, all control fields are mapped into a single codeword (i.e. jointly coded) as shown in Figure 2.  If all fields are not present, dummy input values are inserted which are then ignored at the Node B.  Alternatively, the UE may use the available fields to transmit some additional information based on an agreed upon methodology (e.g. UE that does not support MIMO may transmit wideband CQI in the MIMO field).  This results in codeword of the same length which may simplify the multiplexing and de-multiplexing process.  However, with this approach it may be difficult to satisfy performance requirements of different control fields.   Also, overhead is higher.
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Figure 3.  Mapping to one codeword.
· Multiple codewords:  In this case, each control field is individually mapped to a codeword with its own repetition factor as shown in Figure 3.  This allows individual adjustments of transmission energy using different coding and repetition so that performance of each control field can be controlled.  However, this results in a control portion of variable size which must be taken care of by the rate-matching algorithm.
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Figure 4.  Mapping to multiple codewords.
Since control is multiplexed with data prior to the DFT, appropriate modulation and coding selection for control is required for reliable reception.  As a result, the amount of coded data to be punctured is variable based upon the MCS selected for control.  In this case, rate matching may be done in one or two steps.  With one-step rate matching, the number of bits punctured for control is factored in when computing the effective coding rate.  With two-step rate matching, first the coded data is rate-matched based on the original code rate and subsequently rate-matched again based on the number of bits being punctured.  In either approach, it is expected that the same rate matching algorithm can be used.
4. Conclusion
In this contribution, multiplexing of uplink data transmission and control information within the same TTI is discussed.  A method based on puncturing of the data packet to accommodate control information is shown.  To make up for the coding loss, power boosting is proposed.  
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