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[bookmark: _Ref298777854]Introduction
It has been agreed that the UE can use the first 25 μs of PUSCH symbol #0 to perform a short CCA before transmission.
In this contribution, we provide performance investigation and analysis of muting 25 μs in PUSCH symbol #0 to perform short CCA. We further discuss and analyze potential solutions in [1].
Performance of partial symbol muting
When the UE uses the first 25 μs of PUSCH symbol #0 for LBT, the first 768 time domain samples are pruned by the muted transmitter chain as shown in Figure 1. 

[image: ]
[bookmark: _Ref448932871]Figure 1 Muting of transmitter chain for LBT.
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[bookmark: _Ref449003956]Figure 2 Illustration of Option 1.

In the default solution of Option 1 in [1], the PUSCH signal generation is performed according to existing LTE specs and the 25 μs muting punctures modulation symbols in PUSCH symbol #0. When the UE uses the first 25 μs of PUSCH symbol #0 for LBT, the following time domain samples are impacted:
· 160 samples of cyclic prefix are pruned from transmission. From the receiver’s point of view, the channel for PUSCH symbol #0 is no longer circular. This will lead to inter-carrier interference to this user as well as other multiplexed users.
· 608 data carrying samples are pruned from transmission. This translates into puncturing  modulation symbols from the LTE PUSCH signal as shown in Figure 2, where  is given by

The puncturing of coded bits is concentrated in the first few code blocks. Note also that the puncturing is on top of the LTE rate matching procedure and can result in puncturing patterns that are detrimental to the decoder’s capability to recover the data bits reliably.
To provide an initial assessment of the link performance, EVA and AWGN channels with 10-interlace allocation are tested. For PUSCH MCS 12—28 with no LBT muting, the transport block error rates (TBLER) for the EVA channel are shown in Figure 3. AWGN channel results are shown in Figure 5. For the same settings, the TBLERs with Option 1 are provided in Figure 4. It can be observed that
· Except for the low 16QAM MCSs, most MCSs suffer more than 1 dB losses. The losses are higher for MCSs with higher coding rates. 
· For some MCSs, the additional puncturing patterns cause unexpected and substantially higher performance losses. In particular, MCS 25 and 28 both have error floors and are not useable. The issue is that the signal is already at high code rate with carefully balanced rate matching patterns on the turbo code. The additional modulation symbol puncturing does not consider the turbo code structure and destroys the finely balanced rate matching patterns.

Observation
Simply puncturing modulation symbols from existing LTE PUSCH signal in Option 1 results in substantial losses in link performance and throughput. The losses are higher for MCSs with higher coding rates. In some cases, unexpectedly higher losses can happen in certain combinations.
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[bookmark: _Ref442185021]Figure 3 Transport block performance of MCS 12—28 without LBT muting. EVA 5km/hr channel with 10-interlace allocation is tested.
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[bookmark: _Ref449100210]Figure 4 Transport block performance of MCS 12—28 with Option 1. EVA 5km/hr channel with 10-interlace allocation is tested.
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(a) without LBT muting					(b) Option 1
[bookmark: _Ref450816568]Figure 5 Transport block error performance of MCS 12—28. AWGN channel with 10-interlace allocation is tested.
Conclusion
In this contribution, we provide extensive performance investigation of muting 25 μs in PUSCH symbol #0. The relative performance with puncturing of modulation symbols due to LBT muting compared to the case of no muting is summarized in Figure 6 for EVA and AWGN channels.
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[bookmark: _Ref449100805]Figure 6 Relative performance losses (at 10% transport block error rate) of Option 1 compared to case of no muting. MCS 12—28 over EVA 5km/hr and AWGN channels with 10-interlace allocation are tested.
We made the following observations.
Observation
Simply puncturing modulation symbols from existing LTE PUSCH signal in Option 1 results in substantial losses in link performance and throughput. The losses are higher for MCSs with higher coding rates. In some cases, unexpectedly higher losses can happen in certain combinations.

We further discuss and analyze potential solutions to this problem in [1].
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