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Following the RAN1#85 meeting, these agreements were made in the ensuing email discussion [85-5-3]:
Transmission on UL is allowed to start at the following times in a UL subframe
·         Start of DFTS-OFDM symbol 0
·         Start of DFTS-OFDM symbol 1
·         25 us after start of DFTS-OFDM symbol 0
·         25 us + TA value after start of DFTS-OFDM symbol 0  
FFS: Choose between the following options to enable the start times within the first DFTS-OFDM symbol
1. Option 1: Extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol
1. Option 2: Rate matching around the modulation symbols corresponding to the first 25 µs of DFTS-OFDM symbol 0 and also around the modulation symbols at the end of DFTS-OFDM symbol 0 corresponding to the cyclic prefix length
1. FFS: Whether windowing at the beginning of the UL transmission is necessary to reduce the impact on out of band emissions.
At RAN1#84bis, it was also agreed that:
· 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, we discuss the FFS point to choose between Option 1 and Option 2.
Transmissions within the first DFTS-OFDM symbol 
The purpose of performing transmission within the first DFTS-OFDM symbol is to avoid self-deferral after the 25 µs CCA period, which could risk losing the channel. It is thus clear that a signal has to be transmitted. and Option 1 and 2 give the alternatives for such a signal. Our opinion is that only Option 1 or 2 will be allowed and (on the contrary to the DL initial signal, which is implementation specific), the UE cannot transmit any non-specified signal.
Table 1 briefly gives the use cases for the different options of UL transmission timing. It should be noted that there are quite many relevant cases which would require transmitting the PUSCH in less than 12 DFTS-OFDM symbols and this is expected to be a rather common situation for LAA operation, considering SRS transmissions, LBT procedures, and so on.

Table 1. Examples of use cases for starting and ending transmission timing in the uplink.
	Uplink transmission timing
	Use case

	Start of DFTS-OFDM symbol 0
	Full subframe transmission, e.g., for a subframe in a multi-subframe grant.

	Start of DFTS-OFDM symbol 1
	CCA gap for PUSCH transmission in subframe n+1 after DL full subframe transmission in subframe n.

	25 µs after start of DFTS-OFDM symbol 0
	CCA gap for PUSCH transmission in subframe n+1 after full PUSCH subframe transmission in subframe n.

	25 µs + TA value after start of DFTS-OFDM symbol 0
	CCA gap for PUSCH transmission in subframe n+1 after DL full subframe transmission in subframe n.

	Transmission up to DFTS-OFDM symbol 13
	Full subframe transmission, e.g., for a subframe in a multi-subframe grant, or a subframe without SRS.

	Transmission up to DFTS-OFDM symbol 12
	For a subframe with SRS transmission, or for enabling SRS multiplexing, or to provide UL-DL switching time.



The consequence of shortening the subframe is that the code rate increases for a given TBS. Suppose that the code rate for a full subframe is , where is the number of PRB pairs,  is the number of CRC bits consisting of 24 bit transport block CRC and code block CRC in relation to code block size as defined in 3GPP TS 36.212 Sec. 5.1.2, and is the modulation order, then the TBS is supported for a subframe having  symbols for PUSCH, if the code rate fulfils . Inspection of the TBS table shows that this constraint is not always fulfilled for large TBSs. Hence, without even considering transmissions within the first DFTS-OFDM symbol, LAA will not be able to support all TBS currently specified in all subframes. However, it does not necessarily preclude certain MCSs. Table 2 shows (in green) the supported and (in red) the non-supported TBS for 256-QAM for  agreed in [1], for a PUSCH transmitted in 11 DFTS-OFDM symbols. 
Table 2. Example of supported (green) and non-supported (red) TBS with 256-QAM for a subframe of 11 DFTS-OFDM symbols.
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However, so far it has been understood that such MCS mismatch could be handled by the scheduler implementation. For example, for multi-subframe transmission, even if the same MCS is applied in all subframes, there are probably some subframes containing UCI or some subframes having 1 or 2 DFTS-OFDM symbols unavailable for PUSCH transmission, which is actually a more severe problem. It should be noted multi-subframe scheduling does not necessarily mean the same MCS is applied in all subframes [4]. Hence, it is not anticipated that it is crucial to utilize parts of the first DFTS-OFDM symbol for data transmission or that it would exhibit meaningful performance difference on a system level.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Transmission methods
Option 1: Extension of CP
The CP in symbol 1 is extended into symbol 0. The signal aims to reserve the channel until DFTS-OFDM symbol 1 and it does not convey data. It has trivial specification and implementation impact. It also reduces [2] the OOB emissions since it prolongs DFTS-OFDM symbol 1. 
Option 2: Rate matching
The main merit of this option would be that it could theoretically convey data while claiming the channel. However, there are several issues:
Unclear gains – Under idealistic assumptions, the fraction of extra modulation symbols in a subframe due to partially using DFTS-OFDM symbol 0 is:

As discussed above, this is not likely to show any major difference on a system level. It should be noted that the gains are achieved under idealistic assumptions, and the practically achievable gains will be significantly lower considering a number of realistic factors as further discussed below. 
TX-RX switching – The current specifications [3] define a transient period of 20 µs from OFFON and ONOFF, during which there are no performance requirements on the output power. The initial 25 µs should be assumed to occur in an OFF state, while the rest of the symbol is in a transient state or in an ON state. On the contrary to a regular DFTS-OFDM symbol, it should be noted the transient state will occur only during the data carrying part of the symbol, since the CP is the zeros located in the OFF state.
If this switching requirement is kept for LAA, in a worst case, 20 µs has to be taken away from the useful 41.7 µs of the shortened DFTS-OFDM symbol. This leaves a gain of ~2.8% and makes the first symbol practically useless for carrying data. If it is further assumed that the last 4.7 µs of the symbol should be in an OFF state, preceded by a transient state, another 20 µs has to be taken away from the remaining useful 21.7 µs of the DFTS-OFDM symbol. Moreover, due to shutting the transmitter OFF in the last 4.7 µs, the risk of loosing the channel to other nodes increases and it may also affect performance of DFTS-OFDM symbol 1 due to the switch from OFFON.
Increased OOB emission – Shortening the DFTS-OFDM symbol can be regarded as a new waveform and it comes with increased OOB emissions. The impact of a shortened DFTS-OFDM symbol, e.g., with regards to performance, additional spectrum suppression methods and whether it could be accommodated within the implementation margins that UE vendors foresee for LAA, would need study in RAN4.
Modified channel interleaver – The 36.212 specification would have to define insertion of zeros at correct positions in the first column of the channel interleaver and preclude UL-SCH and UCI to be mapped onto these positions. Moreover, these positions would be dependent on the number of scheduled interlaces, i.e., they may change dynamically.
Modified transmitter chain – The DFT-precoder of the PUSCH has a size which is smaller than the number of samples of the DFTS-OFDM symbol produced in the baseband. Therefore, the output power will not become exactly zero during the first 25 µs or last 4.7 µs. Due to the distributed allocations, this effect will become worse the less interlaces that are used. Figure 1 (left) shows the DFTS-OFDM symbol transmitted at a sampling rate of Ts using a single interlace and it can be seen that the power is significant during the first 25 µs and last 4.7 µs. Figure 1 (right) shows the DFTS-OFDM symbol transmitted with 10 interlaces and the power is still noticeable. Hence, merely inserting zeros in the channel interleaver may not be sufficient and an extra step (after the complete symbol generation) which shuts off the transmitter is needed.
Decreased performance for interlace-based transmission – If an extra step is performed which shuts the power off in the beginning and the end of the symbol, the net effect is that it introduces signal distortion, since the power is not zero in those intervals as shown in Figure 1. Therefore, the channel is not circular and the receiver will experience inter-carrier interference.  

[image: ][image: ]
Figure 1. Example of normalized signal power of one DFTS-OFDM symbol using 1 interlace (left) and using 10 interlaces (right).
Conclusion
Based on the above analysis, there are no merits which justify adopting Option 2 while Option 1 is straightforward and could be supported.
Proposal. To enable transmission within the first DFTS-OFDM symbol, use extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol.
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