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1. Introduction

In [1] a multiplexing method based on puncturing of the data to accommodate control signaling was discussed. Also in RAN1#49, circular buffer based rate-matching (CBRM) was agreed as the rate-matching scheme for LTE [1]. 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. This contribution provides some details on the rate matching algorithm.

With one-step rate matching, the number of bits punctured for control is factored in when computing the effective coding rate.  
2. Multiplexing of Control Signaling with Data
To preserve the single-carrier property of uplink transmission, L1/L2 control signaling 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 signaling.  
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Figure 1.  Multiplexing of Control Signalling with Data.
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.  
3. One Step Rate Matching

With one-step rate matching (RM), the number of bits punctured for control is factored in when computing the effective coding rate.   The concept is illustrated in Figure 2.  As an example, if the number of information and systematic bits is 100, number of parity bits is 200 and the number of control bits to be inserted is 50 the CBRM will puncture the 50 parity bits and insert the control bits in its place.  The HARQ transmission is based on the various RV’s to be defined for LTE.  In this example, if the initial coding rate is chosen to be ½, the number of systematic bit and parity bits are 100 each.  With 50 control bits punctured, the effective coding rate becomes 100/150 ~2/3.
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Figure 2. One Step Rate Matching
4. Conclusion
In this contribution details of rate matching algorithm for multiplexing of uplink data transmission and control information within the same TTI are discussed.  
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