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1. Introduction

In [1] a multiplexing method based on puncturing of the data to accommodate control signaling was discussed.  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.  This contribution provides some details on the various rate matching options.

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.
2. Multiplexing of Control Signaling 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.  
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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.  In this case, rate matching may be done in one or two steps.
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.  A simpler RM algorithm can be designed if one step rate matching is used.  Also as per [2], Rel6-RM algorithm works well at lower coding rates (1/2, 2/3) while it shows degradation at some sizes for higher coding rates.  
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Figure 2. One Step Rate Matching
4. Two Step Rate Matching

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.   This is more suitable if Rel-6 RM structure needs to be maintained.  The concept is illustrated in Figure 3.  It may be noted that in both the cases the systematic bits are not punctured.
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Figure 3.  Two stage Rate Matching
5. Conclusion
In this contribution two rate matching algorithms for multiplexing of uplink data transmission and control information within the same TTI are discussed.  
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