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1 Introduction
This document discusses an additional case for dropped UL transmissions due to failed CCA at the UE side, and some methods to handle the issue.
2 Clear Channel Assessment at the UE
If a transmitting UE needs to verify that the unlicensed carrier is available at least before its first UL subframe transmission, a scheduled transmission may fail because the channel is unavailable. In theory it would be possible to 'hold' the grant at the UE until the channel becomes available; however this might have severe effects on the multi-user scheduling strategy in time and frequency domain at the eNB, which may result in HARQ buffer corruption. Therefore we prefer that a scheduled UL transmission is simply dropped by the UE if the carrier is not available at the time of transmission.
Proposal 1: For UE CCA, the UE should drop the scheduled UL transmission in case that the carrier is unavailable for the scheduled subframe.
In general, when the UE performs CCA, the eNB cannot fully reliably predict whether the carrier is available at the desired time. Therefore the eNB would transmit an UL grant without knowing whether the UE's CCA will be successful.

Observation 1: For UE CCA, the eNB would need to send the grant without knowing whether the UE's CCA will be successful.
This situation does not exist for the licensed carrier; whenever the eNB transmits an UL grant for a licensed carrier, it can assume that the UE will transmit the scheduled subframe unless the UE has failed to successfully decode the corresponding UL grant. In order to know whether the grant has been detected or not, the eNB might employ an energy detection method on the assigned PRB to avoid that noise is written into the HARQ buffer in case the grant was missed.

If an UL transmission on an unlicensed carrier is dropped by the UE due to a failed CCA, this method may not work well any longer for the eNB. Usually the CCA will fail because the carrier is occupied by transmissions from another node, i.e. the eNB would detect that a certain energy is transmitted on the unlicensed carrier. As a consequence, the eNB might believe that the transmission is by the desired UE, where in fact it is by a UE scheduled by a competing eNB or another technology such as Wi-Fi. The result is likely to be a severe HARQ buffer corruption at the eNB, from which even later retransmissions might not recover the transport block so that a higher-layer retransmission would need to kick in. In our view, it would be necessary to provide means to the eNB to distinguish between a missed grant and a failed CCA at the UE.
Observation 2: For UE CCA, a new error case may occur where the eNB falsely assumes that a transmission on the unlicensed carrier is coming from a scheduled UE, where in fact the transmission results from a different node (whereby the UE's CCA fails).

In our view, the following ways can be used to handle the distinction between a missed grant and a failed CCA at the UE:

1) Threshold-based, using UL DM-RS correlation

Correlating the UL DM-RS with the expected sequence could be used to detect whether the UE was able to transmit on the unlicensed carrier or not, without requiring additional specification of over-the-air signals. However it may cause an ambiguity at the eNB to distinguish a UE's transmission facing a low SINR from a competing RAT transmission. In addition, a hidden node occupying the channel at the same time as a UE may cause a low SINR, which might further create ambiguous cases.

2) Additional in-band signal on the unlicensed carrier (e.g. within the assigned PUSCH resource)

An additional signal could be multiplexed into the PUSCH resources in case of a successful CCA. The additional signal would preferably be employing an error detection code to avoid ambiguous cases that may occur if only a pure correlation is possible. However as this additional signal would only be present in case of a successful CCA, it would appear like an on-off signal, i.e. the lack of the signal (or a detected error in the signal) would imply that the CCA was failing or the DCI was lost. So this solution could serve to distinguish a UE's transmission with low SINR from a failed CCA, but it would not give any additional knowledge to distinguish between a lost DCI and a failed CCA.
3) Feedback on a licensed carrier.
This method would utilise a licensed carrier to give an explicit feedback whether the UE was able to transmit on the unlicensed carrier. Assuming some ACK/NACK-like method for this signal is employed, at least the following two states could be indicated:
1. CCA was successful, PUSCH was transmitted;

2. CCA failed, no PUSCH was transmitted.

Depending on the eNB implementation, a third state could be detected: the lack of the explicit feedback signal could be interpreted as a lost DCI, i.e. the UE was not aware of the uplink grant.

Even though this method would necessarily introduce an additional feedback on a licensed carrier, we think that the additional effort could be limited if current ACK/NACK functionalities are re-used.

Proposal 2: The eNB could distinguish a missed grant from a failed CCA at the UE by an explicit indication transmitted on a licensed carrier in case the grant is received but the CCA fails. Other methods such as in-band control signalling or DM-RS based detection would provide not as much benefit in our view.
3 Summary
Observation 1: For UE CCA, the eNB would need to send the grant without knowing whether the UE's CCA will be successful.
Observation 2: For UE CCA, a new error case may occur where the eNB falsely assumes that a transmission on the unlicensed carrier is coming from a scheduled UE, where in fact the transmission results from a different node (whereby the UE's CCA fails).

Proposal 1: For UE CCA, the UE should drop the scheduled UL transmission in case that the carrier is unavailable for the scheduled subframe.
Proposal 2: The eNB could distinguish a missed grant from a failed CCA at the UE by an explicit indication transmitted on a licensed carrier in case the grant is received but the CCA fails. Other methods such as in-band control signalling or DM-RS based detection would provide not as much benefit in our view.
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