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Introduction
PUSCH transmission in the first subframe of an UL transmission burst was discussed in RAN1 #85 [1][2][3][4]. Further email discussion following the RAN1 meeting had arrived at the following proposal:
Proposal:
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
· Option 1: Extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol
· 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
· FFS: Whether windowing at the beginning of the UL transmission is necessary to reduce the impact on out of band emissions.
In this contribution, we provide further analysis on the PUSCH transmission structure within the first DFTS-OFDM symbol. We discuss the differences in link performance, out-of-band emission and implementation costs.
Discussion
Performance differences
With Option 1, the entire first DFTS-OFDM symbol is not used to carry any user data modulation symbols. The effective coding of each PUSCH MCS is increased by 9%. As a result, as shown in Figure 1, the link performance is around 1 dB worse than if the first DFTS-OFDM symbol is used for carrying data. This 1 dB loss erase the link advantage of the LTE turbo coding over the IEEE 802.11 LDPC coding of the same MCS level. Moreover, error floors can be observed for 16QAM/64QAM/256QAM with very high coding rates.
In contrast, 70% of the first DFTS-OFDM symbol still carries useful user data in Option 2. The impact to the effective coding rates of the PUSCH MCS is much reduced. As shown in Figure 1, the link performance losses are around 0.3—0.5 dB when compared to the case with no muting for LBT.
In summary, Option 2 enables the eLAA UL to achieve high data rates and maintain the link performance over IEEE 802.11 systems.
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[bookmark: _Ref458673554]Figure 1 BLER rate performance of Option 1 and Option 2.
Out of band emission differences
We also investigated the impact of the muting the first 25 μs of an DFTS-OFDM symbol on the out of band emissions. We consider three cases:
· Baseline case (Case #3 in Figure 2): no muting of samples on any DFTS-OFDM symbol
· Worst muting case (Case #2 in Figure 2): muting the first 25 μs of the first DFTS-OFDM symbol of every UL subframe. This is the worst case muting scenarios for LAA UL operations.
· Unrealistic boundary case (Case #1 in Figure 2): muting the first 25 μs of every DFTS-OFDM symbol. This is a boundary case for comparison and is not according to LAA UL operations.
From the calculated PSD shown in Figure 2, we do not observe any meaningful increase in out-of-band emission because of muting the first 25 μs of the first DFTS-OFDM symbol even if it is done for every UL subframe.
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[bookmark: _Ref451783482]Figure 2 Out-of-band emission for differnet muting cases.

Note further that Wi-Fi, which operates in the same band, generally emits much higher out-of-channel interference.
Therefore, if 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 is adopted for eLAA, there is no out of band emission issue and no need of any additional changes to the UE hardware.
Implementation complexity differences
[bookmark: _GoBack]For both Option 1 and 2, the rate matching routine is instructed to produce fewer coded bits. Changes will need to be made to place these bits in all of the data-carrying DFTS-OFDM symbols for either option. Up to this point, the two options have the same implementation complexity. However, more implementation changes will be needed for Option 1 in the next steps:
· For Option 2, some zero-values are inserted for those modulation symbols that are not carrying user data. The DFTS-OFDM processing of the first symbol and the rest of the symbols is performed as normally.
· For Option 1, no coded bits are placed for the first DFTS-OFDM symbol. Instead, the UE processor will need to accelerate processing to generate the digital data for the second DFTS-OFDM symbol such that these digital data can be transmitted in the first DFTS-OFDM symbol. This impacts the fundamental scheduling of processing units in the UE and can prove to be difficult to implement.
Therefore, we conclude that Option 1 has higher implementation costs than Option 2.
Conclusion
Based on analysis presented in this document, we draw the following observations:
· Option 2 enables the eLAA UL to achieve high data rates and maintain the link performance over IEEE 802.11 systems.
· There is no out of band emission issue and no need of any additional changes to the UE hardware for Option 2.
· Option 1 has higher implementation costs than Option 2.

Therefore, we propose to adopt 
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
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