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1 Introduction
The introduction of AUL to support feLAA has certainly some impact on MAC specification. In fact, the legacy HARQ design in MAC specification is based on the fact that the HARQ process to be selected by the UE is either explicitly indicated in the UL grant by the eNB (as in Rel-14 LAA), or it depends on the TTI in which the transmission is performed.

On the other hand, with the new AUL scheme, the UE would be allowed to autonomously determine when to perform a (re)transmission with a certain HARQ process.

Different design options are possible to capture this new autonomous UE behaviour. In this paper, we provide our view on how MAC should be modelled to include this new feature.

2 Discussion

During last RAN2 meetings the following agreements were captured:
	Agreements from 3GPP RAN2#99-bis:

· In the LAA autonomous UL access, HARQ processes are not tied to TTIs.
Agreements from 3GPP RAN2#100:
· Add new separate RRC configurable timer X as follow:
· When Timer X starts is FFS
· Timer X is stopped if it received SUL grant or HARQ feedback with SUL grant for the retransmission
· UE shall not retransmit before the timer X stops/expires


From the above agreements, in AUL the UE would be allowed to perform a new transmission of an HARQ process in any AUL subframe. Similarly, the HARQ retransmissions can also be performed in any AUL subframe, as long as the corresponding retransmission timer X is stopped/expired. After the expiry/stop of the retransmission timer X, the UE is allowed to perform a retransmission of such HARQ process. 
According to legacy UL LAA procedures, the MAC layer builds a MAC PDU, on the basis of the received UL grant and delivers it to physical layer for transmission. Whether the physical layer really manages to perform a transmission depends on the LBT outcome. In legacy UL LAA, the MAC layer does not need to know whether the LBT procedure was successful or not, i.e. the UE considers as transmitted a MAC PDU delivered to lower layers, irrespective of whether the associated LBT procedure is successful or not. 
Observation 1 In legacy UL LAA, the MAC layer considers a MAC PDU delivered to physical layer as transmitted, irrespective of the LBT outcome.
This is because, even if the LBT fails, in legacy UL LAA, the MAC layer needs to wait, in any case, for a new UL grant from the eNB to perform either a new transmission or an HARQ retransmission.

Observation 2 In legacy UL LAA, the MAC layer needs to wait for a new UL grant from the eNB to perform a new HARQ transmission or an HARQ retransmission.

On the other hand, when AUL is configured, since the MAC layer is agnostic with respect to the LBT outcome, the UE would need to wait for one of the following events before triggering a retransmission, upon an LBT failure:

· A dynamic UL grant (which the eNB might not send when AUL is configured)

· An HARQ feedback (which might not be sent by the eNB since the transmission was not really performed)

· The expiry of the retransmission timer X (if we assume that MAC starts the timer when the MAC PDU is delivered to lower layers)

. By enabling the UE to perform a retransmission only when one of the above events occur, will not allow to fully exploit the potential of the AUL scheme. 
Observation 3 Given the current LAA MAC model, upon an LBT failure, the UE would need to wait either for a SUL grant or for the HARQ feedback, or for the expiry of the retransmission timer X to retransmit a MAC PDU. This would obviously diminish the benefits of the AUL scheme.

In fact, when AUL is configured, the UE can simply retransmit as soon as possible in a later AUL subframe (e.g. in the next AUL subframe) a MAC PDU if the associated LBT procedure failed, without waiting for a dynamically scheduled UL (SUL) grant, or for the expiry of the retransmission timer X, or the reception of the HARQ feedback.

Proposal 1 When AUL is configured, the UE is allowed to retransmit a MAC PDU in a later AUL subframe (e.g. in the next AUL subframe) if the associated LBT procedure failed, without the need to wait for a SUL grant, HARQ feedback or expiry of the retransmission timer X.
Given current MAC modelling limitations, some specification work might be needed to properly model Proposal 1.
In our view two different types of models are possible.

1. The MAC layer becomes aware of the LBT outcome at physical layer, so that the UE would be allowed to perform a retransmission as soon as possible
2. The physical layer determines when to perform a retransmission if the LBT fails, without informing MAC.

In the first model, the physical layer informs the MAC layer on the outcome of the LBT procedure for the transmission of a MAC PDU. If the feedback is positive, the MAC layer considers the transmission as performed, and it waits for the HARQ feedback or for the expiry of the retransmission timer X, before performing a (re)transmission. Otherwise, if feedback is negative the MAC layer may decide to trigger a retransmission at a later AUL occasion, depending on UE implementation. 
In the second model, the physical layer is in charge of performing a retransmission of a MAC PDU if LBT fails, and MAC will remain unaware of when the actual MAC PDU transmission will occur.

In our understanding, the second model is against the current LTE MAC model, since in LTE the MAC layer is in charge of generating (re)transmission, and physical layer just follows MAC scheduling allocations. Additionally, since in current modelling, MAC generates MAC PDU (re)transmission, it may happen that MAC triggers a (re)transmission for an HARQ process (e.g. following an HARQ feedback or a SUL grant), while the physical layer is still attempting to perform a (re)transmission of a previous MAC PDU for the same HARQ process. 
As such, the first model seems to better keep the existing MAC/PHY functionalities and achieve a more consistent cross-layer interdependency. 
Proposal 2 Physical layer informs the MAC layer on the outcome of the LBT procedure, so that MAC can trigger a retransmission in a later subframe, without the need to wait for a SUL grant or the expiry of the retransmission timer X.

The above Proposal 2 would also allow to have a proper handling of the (re)transmission parameters which lie in MAC, such as RV values, retransmission counters/timers. For example, if the physical layer signals that the (re)transmission of MAC PDU failed, it seems quite obvious that MAC does not start the retransmission timer X, since the MAC PDU has not even been transmitted. Same reasoning would hold for the retransmission counters (in case RAN2 agrees to introduce retransmission counters for AUL), and for RV values, i.e. the UE might not need to increment the current RV if a (re)transmission has not been performed because of LBT.

Observation 4 Proposal 2 allows to have a more robust cross-layer PHY/MAC interdependency, and a better handling of certain MAC parameters, such as retransmission counters/timers, RV values.
3 Conclusion

In section 2 we made the following observations:
Observation 1
In legacy UL LAA, the MAC layer considers a MAC PDU delivered to physical layer as transmitted, irrespective of the LBT outcome.
Observation 2
In legacy UL LAA, the MAC layer needs to wait for a new UL grant from the eNB to perform a new HARQ transmission or an HARQ retransmission.
Observation 3
Given the current LAA MAC model, upon an LBT failure, the UE would need to wait either for a SUL grant or for the HARQ feedback, or for the expiry of the retransmission timer X to retransmit a MAC PDU. This would obviously diminish the benefits of the AUL scheme.
Observation 4
Proposal 2 allows to have a more robust cross-layer PHY/MAC interdependency, and a better handling of certain MAC parameters, such as retransmission counters/timers, RV values.


Based on the discussion in section 2 we propose the following:
Proposal 1
When AUL is configured, the UE is allowed to retransmit a MAC PDU in a later AUL subframe (e.g. in the next AUL subframe) if the associated LBT procedure failed, without the need to wait for a SUL grant, HARQ feedback or expiry of the retransmission timer X.
Proposal 2
Physical layer informs the MAC layer on the outcome of the LBT procedure, so that MAC can trigger a retransmission in a later subframe, without the need to wait for a SUL grant or the expiry of the retransmission timer X.
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