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1 Introduction

In RAN1 meeting #84bis, the following agreements were reached [1]:
Agreements:
· Dynamic signaling indicates whether PUSCH in a UL subframe is transmitted from 

· Start of DFTS-OFDM symbol 0 or

· Start of DFTS-OFDM symbol 1

· FFS: Within DFTS-OFDM symbol 0

· Dynamic signaling indicates whether PUSCH in a UL subframe is transmitted up to OFDM symbol 13 or OFDM symbol 12

· Any combination of above options can be enabled by the dynamic signaling

In this contribution, PUSCH transmission starting within symbol #0 is discussed. 
2 Discussion
Self-contained LBT in one subframe is discussed and the option that a gap of DFTS-OFDM symbol #0 is reserved to perform one-shot CCA is proposed. Here we discuss the feasibility of this option. Naturally, there are two options to transmit the first partial symbol.

Option 1: one complete subframe for uplink transmission is generated and the length of the gap is punctured from the beginning of symbol #0. 
Option 2: rate matching can be applied since the symbols after modulation mapper are time domain symbols due to the DFT operation for uplink. The modulation symbols which are supposed to be transmitted in time resources corresponding to the gap at the beginning of symbol #0 should be reserved, e.g., those modulation symbols are set to 0.

The performances of option 1 (marked as ‘Puncture’) and option 2 (marked as ‘RM’) are evaluated. A gap of 25us is considered. As comparison, the performances of 14 and 13 complete symbols are also provided. Figure 1 shows the simulation results with the assumptions listed in Table 1 in appendix.
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(a) QPSK                                                          (b) 16QAM
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(c) 64QAM

Figure 1 Performance comparison of transmitting different symbols in one subframe
From the simulation results in Figure 1, the following can be observed:

Observation:

· For QPSK case, the performances of all the evaluated cases are similar.

· Puncturing a gap of 25us in symbol #0 shows similar or worse performance than 13 symbols for 16QAM and 64QAM cases.

· Rate matching that reserve a gap of 25us in symbol #0 shows better performance than 13 symbols for 16QAM and 64QAM cases.
From performance point of view, rate matching for PUSCH starts within symbol #0 may be considered.
However, rate matching method requires much implementation complexity and standards effort. For example, the CP length of symbol #0 after removing the gap shall be defined to reduce multi-path interference. The number of modulation symbols corresponding to the gap duration and the shorted CP should be aware by both eNB and UE for rate matching. Multiple copies of shortened subframe shall be prepared in advance if the candidate gap number is more than 1. In existing system, channel interleaver is applied to channel coding for uplink transmission. Since the rate-matched modulation symbols are not continuous, the legacy channel interleaver procedure shall be changed to add padding symbols in the positions of CCA gap, which introduces extra standards effort and implementation complexity. In addition, a shorter symbol may have larger out-of-band emission and may require different filtering.
Based on the discussion, it is proposed:

Proposal: Whether PUSCH is allowed to transmit within symbol #0 on eLAA shall consider trade-offs among performance gain, implementation complexity, and standards effort.
3 Conclusion
In this contribution, PUSCH transmission starting within symbol #0 is evaluated and it is observed:

Observation:

· For QPSK case, the performances of all the evaluated cases are similar.

· Puncturing a gap of 25us in symbol #0 shows similar or worse performance than 13 symbols for 16QAM and 64QAM cases.

· Rate matching that reserve a gap of 25us in symbol #0 shows better performance than 13 symbols for 16QAM and 64QAM cases.

Although rate matching method may bring performance gain in some cases, it has extra implementation complexity and standards effort. It is proposed:

Proposal: Whether PUSCH is allowed to transmit within symbol #0 on eLAA shall consider trade-offs among performance gain, implementation complexity, and standards effort.
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Appendix
Table 1 Simulation assumptions

	Parameter
	Value

	Carrier frequency
	5 GHz

	System bandwidth
	20 MHz

	Allocated bandwidth
	10 RBs in one out of 10 interlaces

	Channel model and UE velocity
	EPA 3km/h

	Antenna configuration
	1Tx(UE), 2Rx(eNB)

	Antenna correlation 
	Uncorrelated

	CP length
	Normal

	Receiver type
	MMSE

	Channel estimation
	Practical

	Link adaptation
	Disabled

	Modulation order and TBS 
	QPSK with TBS 696;

16QAM with TBS 2856;

64QAM with TBS 4968

	HARQ retransmission 
	Disabled

	Performance metrics
	BLER








