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1. Introduction

In RAN1#50, it was agreed to rate-match the coded bits of PUSCH around ACK/NACK and CQI when all three are multiplexed together. However, some discussions were raised about whether additional scrambling is needed to avoid or minimize puncturing of systematic bits.  This contribution shows that the additional performance loss stemming from puncturing of systematic bits is at most 0.5 dB for the worst case.  In general, little or no performance loss is expected when different TB sizes, number of RBs, and different RVs are considered.  As a result, there is no need to introduce additional scrambling to avoid puncturing of systematic bits.
2. Performance Results
For ACK/NACK multiplexing, a common interpretation of the agreement is shown in Figure 1 [1].  
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Figure 1.  General illustration of puncturing control signaling into the coded UL-SCH stream [1].
The following pertinent points were agreed with regard to data and control multiplexing –
· A table links each PUSCH MCS with a given coding rate for control signalling, i.e, the number of symbols to use for an ACK/NAK or a certain CQI/PMI size.
· Data and the different control fields (ACK/NAK, CQI/PMI) are mapped to separate modulation symbols, i.e., a single symbol (QPSK/16QAM/64QAM) cannot contain both data and control, or contain different control fields.
· For ACK/NAK (in case of FDD), a modulation symbol used for control signalling carries at most 2 bits of coded control information regardless of PUSCH modulation scheme.
It is reasonable to expect that the impact of puncturing systematic bits is most pronounced for 1RB-pair allocation since a large percentage of systematic bits may be punctured.  For our analysis, this can serve as an upper bound on performance degradation.  In the following, simulation results of 1 RB resource allocation are presented.
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Figure 2. Performance of PUSCH with data symbols punctured by ACK/NACK.
Depicting the uplink resource elements in a matrix format, an uplink RB pair with normal cyclic prefix can be described as having (a) 12 rows where the i-th row represents i-th complex-valued symbol prior to transform precoding; and (b) 14 columns where a column represents a SC-FDMA symbol. For each slot, the SC-FDMA symbol with index l=3 is dedicated as reference symbol (RS). Thus 12 SC-FDMA symbols containing 144 REs are left for PUSCH transmission. Figure 2 shows the BLER as a function of the percentage of REs in the RB that are punctured. For example, “8 %” implies that round (8% ( 144) = 12 REs are punctured to accommodate ACK/NACK.
Simulation results are shown in Figure 2 for 16-QAM in AWGN channel. The channel coding and rate matching parameters for PUSCH are RV=0, rate-2/3, with the codeword mapped to 144 REs, and 6 turbo iterations. One transport block is transmitted, with a TB size of 144×4×2/3=384 bits.
Since the UL Channel interleaver has a time-first mapping, for 1st Tx, the systematic modulation symbols are mapped in top rows and the parity symbols are mapped in the bottom rows. Depending on the multiplexing scheme, modulation symbols of the systematic bits or the parity bits may be punctured. In Figure 2, these two extreme ACK/NACK multiplexing schemes are compared.
· Systematic Puncturing  (legend Dashed green): The REs neighboring RS from the top left corner in the matrix format are punctured.
· Parity Puncturing (legend Solid blue). The REs neighboring RS from the bottom right corner in the matrix format are punctured.
Figure 2 shows that difference between the two cases is around a maximum of 0.5 dB at 16% puncturing of the RB. Note that in our simulations, we assumed that all REs neighboring RS can potentially be punctured to accommodate ACK/NCAK. 
From the results shown, it is seen that at most a potential loss of 0.25~0.5 dB is expected with indiscriminate puncturing of the PUSCH. In practice, this difference is much lower.  In addition, this loss stemming from puncturing of systematic bits will decrease as the MCS or data size increases since the ACK/NACK will consume correspondingly smaller percentage of the PUSCH. It should also be noted that this loss is mostly confined to the 1st transmission and not for re-transmissions since the existence of systematic bits and their location vary.  Thus, when all these issues are considered, no difference in overall system performance is expected.  
3. Conclusions
This contribution shows that the additional performance loss stemming from puncturing of systematic bits is at most 0.5 dB in the worst case.  In general, little or no performance loss is expected when different TB sizes, numbers of RB, and different RVs are considered.  As a result, there is no need to introduce additional scrambling to avoid puncturing of systematic bits.
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