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1. Introduction

Some decisions on the multiplexing of data and control signal on UL PUSCH were made at RAN1#50 meeting [1]. The following are among the decisions.
· Control signaling mapped such that it appears in both slots of a sub-frame

· Control signaling mapped to SC-FDMA symbols next to RS’
The control signal appearing on PUSCH is either CQI or ACK/NACK, or the both. As ACK/NACK transmission has severer BLER requirement than CQI, placing ACK/NACK bits in the SC-FDMA symbols next to DM RS has to be taken more care of.
Samsung and Panasonic each showed a proposal on how to place ACK/NACK bits in the SC-FDMA symbols next to DM RS symbols [2][3]. In this contribution, we present a small proposal on top of their proposals, from a viewpoint of implementation.
2. Discussion
To suppress out-band spectrum emission, depending on the implementation employed by vendors, either time windowing or FIR pulse shaping is applied to SC-FDMA symbols. These signal processing cause signal distortion. With frequency-domain equalisation at the receiver, the effect of FIR can be relaxed. However, from a simple implementation point of view, the use of time windowing is preferred.
A drawback in using time windowing is shown in Figure 1. FFT window position to each SC-FDMA symbol (block) is determined according to the timing of main path (first path or maximum-magnitude path). Figure 1 shows a case of the first path being the main path. There is interference from the subsequent block in the current FFT window. 
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Figure 1
Although the effect due to the interference can be mitigated by advancing FFT timing, the effective CP length is shortened and the robustness against long-delayed paths is reduced (Figure 2). 
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Figure 2
Figure 3 shows an EVM characteristic of each symbol in a time-windowed SC-FDMA symbol, indicating that some symbols near to the both ends of SC-FDMA have worse EVM. (The EVM degradation seen near the 0th symbol is attributed to a difference of sampling rate between in pre-DFT and in post-FFT.)
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Figure 3   EVM of each symbol in an SC-FDMA symbol (DFT size=1200, 20MHz BW, 1-path static, ideal FFT timing, time-windowing size=12 samples @30.72MHz, QPSK )
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Figure 4   BER of each of some symbols near the both ends of SC-FDMA symbol (DFT size=1200, 20MHz BW, 1-path static, ideal FFT timing, ideal CE, MMSE-FDE, time-windowing size=12 samples @30.72MHz, QPSK)
From Figure 4 it can be said that we should avoid mapping important signal bits (such as ACK/NACK bits) to the 0th, 1199th and 1198th symbols in the SC-FDMA symbol.
3. Proposal

It is proposed that as shown in Figure 5 ACK/NACK bits be mapped to symbols being N samples away from the end of SC-FDMA symbol.  Though N could be dependent on the system bandwidth and the implementation (e.g. time-windowing size), it can be a single value (1 or 2).
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Figure 5
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