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1 Introduction

When RAN2 should start working on UL LAA it is beneficial that RAN2 has a common understanding of how LBT should be modelled meaning where, from a spec point of view, it is assumed to be performed and how the different layers interact w.r.t. LBT. We discuss this in this paper.
2 Discussion
When operating LAA UL-carriers the UE needs to perform LBT. The UE then monitors the channel and if it is free the UE can transmit, but if it is occupied the UE needs to supress the transmission. The monitoring-period may be in the order of microseconds. In contrast to this, the UE is according to LTE today given 4 milliseconds from the time a grant is received until that the UE performs the transmission. This means that the UE has in the order of milliseconds to build the MAC PDU and deliver to PHY. It is not expected that the UE can build the MAC PDU on a microsecond level. This means that the MAC must already have built the MAC PDU and have sent it to PHY before LBT is performed. It is therefore not feasible that the UE first evaluates if the channel is free and then starts building the MAC PDU. Based on this it is natural that the LBT mechanism is located below MAC, i.e. in PHY. This is also in-line with what RAN1 did in Rel-13 where they captured LBT in their specifications.

Observation 1 LBT is specified in RAN1 specs.
We propose:

Proposal 1 Higher layers (e.g. MAC) are not expected to know the outcome of LBT when building the respective PDUs.
Then it was briefly discussed during the study item in Rel-13 whether MAC should be requesting PHY whether to do LBT. We believe that no such indication is needed. PHY will of course be aware of if a transmission needs to be performed as PHY is aware of scheduling and would also receive a transport block from MAC prior to the transmission.
Proposal 2 PHY is expected to perform LBT without request from MAC.

In some cases it may be needed for higher layers in the UE to know whether a transmission was performed or not (due to LBT) after it the transmission has been attempted. E.g. in case of preamble transmission dropping due to LBT, the MAC layer would need to know whether a preamble was performed or not as discussed in [1]. This is similar to Dual Connectivity where PHY indicates to MAC whether a planned preamble transmission was dropped due to power limitation. Therefore we believe that it is needed that PHY can indicate to higher layers whether a transmission has been dropped due to LBT. Whether such indications are needed should be decided on a case-by-case basis.
Proposal 3 In scenarios where it is needed, PHY can indicate to higher layers (such as MAC) if a transmission was dropped due to LBT.
3 Conclusion
In section 2 we made the following observations:
Observation 1
LBT is specified in RAN1 specs.


We further propose:
Proposal 1
Higher layers (e.g. MAC) are not expected to know the outcome of LBT when building the respective PDUs.
Proposal 2
PHY is expected to perform LBT without request from MAC.
Proposal 3
In scenarios where it is needed, PHY can indicate to higher layers (such as MAC) if a transmission was dropped due to LBT.
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