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1 Introduction
This document discusses some views on the clear channel assessment for UL transmissions, and identifies an additional case for dropped UL transmissions due to failed CCA.
2 Clear Channel Assessment at the eNB
A straight-forward approach for LAA uplink transmissions is to skip the CCA on UE side prior to the individual uplink transmission. The CCA is basically performed on eNB side, which should be done prior to the transmission of UL grants. We can identify two different implementation strategies for the eNB to make sure that the channel is available for eLAA UL transmissions:

Option eNB-1: The eNB transmits reservation signals until the UL transmission occurs
Option eNB-2: The eNB tries to reserve the channel by transmitting signals like RTS/CTS in order to explicitly notify other nodes that the channel is not available to them for some time.

In both cases, the time of occupancy by eNB+UE would need to be counted to the total channel occupancy time that is limited in some regions. Especially for regions where the maximum occupancy time is 4 ms, the current PUSCH timeline design would effectively prohibit UL transmissions with the eNB options, since there is a gap of 4 ms between issuing the UL grant and the corresponding UL transmissions. Therefore we think that while performing the CCA at the eNB is feasible in some deployments, it would not ensure a fair coexistence with other unlicensed carrier technologies in other deployments.
Observation 1: Performing the CCA at the eNB for UL transmissions can not ensure fair coexistence in all regions, unless the UL scheduling timeline is substantially shortened.
3 Clear Channel Assessment at the UE
If each 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 2: For UE CCA, the eNB would need to send the grant without knowing whether the UE's CCA will be successful.
This situation is not existing 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 knw 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. One approach could be that a UE indicates a dropped transmission by a failed CCA through feedback on a licensed carrier.
Observation 3: 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 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 CCA fails.
4 Summary
For the CCA strategy for UL transmissions, we make the following observations and proposals:
Observation 1: Performing the CCA at the eNB for UL transmissions can not ensure fair coexistence in all regions, unless the UL scheduling timeline is substantially shortened.
Observation 2: For UE CCA, the eNB would need to send the grant without knowing whether the UE's CCA will be successful.
Observation 3: 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 CCA fails.
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