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1.	Introduction
In R15 LAA WI, RAN2 is under discussion to support AUL. Although the AUL has not yet been finalized, most of the main characteristics of the AUL would come from SPS, and RAN2 agreed in RAN2#99 to support skipping uplink transmission in AUL.
Some of the agreements related to HARQ and AUL are captured below:
In RAN2#99:
Agreements:
1	Support UL skipping for AUL i.e. the UE should use AUL resources only when it has data to transmit and UE doesn’t have UL grant. FFS if a threshold is configured.
2	From a RAN2 point of view it is beneficial from spectral efficiency perspective to schedule multiple UEs on the same resources in some scenarios.
3	AUL can be configured at the same time in more than one uplink LAA serving cell.
4	FFS: Introduce an AUL activation/deactivation confirmation supporting confirmation of multiple SPS configurations on multiple serving cells.

Agreements:
1	From RAN2 perspective, the HARQ protocol for the LAA autonomous uplink access should support asynchronous HARQ retransmissions similar to legacy LAA HARQ.
2	It is FFS, the UE behavior upon reception (or not reception) of an HARQ feedback.

In RAN2#99bis:
5	In the LAA autonomous UL access, HARQ processes are not tied to TTIs.

In this contribution, we discuss how to calculate the HARQ process ID for AUL.
2.	Discussion
In LTE, SPS in asynchronous HARQ has been introduced for MTC/NB-IoT. However, it has not considered skipping uplink transmission. Accordingly, if a TTI is associated with a HARQ process ID, it means that there is uplink resource for that TTI and the UE transmits in uplink, i.e., the UE does not skip uplink transmission. On the other hand, if a TTI is not associated with a HARQ process ID, it means that there is no uplink resource for that TTI, and hence, the UE doesn’t transmit in uplink.
In R15 LAA, AUL is to be always used in asynchronous HARQ with skipping uplink transmission. As a result, we now have a case where there is uplink resource for a TTI but the UE doesn’t transmit in uplink, i.e., the UE skips uplink transmission. Therefore, we need to first decide how to associate a HARQ process for a TTI in this case. Two options are:
· Option 1. Associate a HARQ process ID to a TTI only when there is uplink resource and the UE transmits in uplink on that TTI
· Option 2. Associate a HARQ process ID to a TTI when there is uplink resource on that TTI regardless of whether the UE transmits in uplink or not on that TTI
In Option 1, the UE treats a TTI where the UE skips uplink transmission as if there is no uplink resource for that TTI. Accordingly, the UE does not associate HARQ process ID to the TTI if the UE skips uplink transmission. In other words, the HARQ process ID is associated to a TTI only when the UE actually transmits in uplink. Given that HARQ process ID for AUL transmission would be sequentially increased, if the network is able to know the HARQ process ID used for uplink transmission, the network would easily differentiate failure and skipping because missing HARQ process ID always means failure. 
An example is shown in Figure 1. On the 1st AUL, the UE transmits in uplink and allocates a HARQ process ID1. On the 2nd AUL, the UE skips in uplink and hence the UE doesn’t allocates a HARQ process ID. On the 3rd AUL, the UE transmits in uplink and hence the UE allocates a HARQ process ID2, but the network doesn’t successfully receive. At this point in time, the network may not be able to differentiate failure and skipping correctly. On the 4th AUL, the UE transmits in uplink and associates a HARQ allocates ID3. The network successfully receives and detects missing HARQ process ID2. Then the network knows that transmission with HARQ process ID2 fails.
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Figure 1. An example of Option 1
In Option 2, the UE associates a HARQ process ID to a TTI regardless of whether the UE actually transmits in uplink or not. Therefore, missing HARQ process ID could be due to either failure or skipping and it is of no use for the network to know the HARQ process ID used for uplink transmission. It would ease the HARQ process ID derivation for the UE because the UE doesn’t need to take care of skipping but the UE associates the HARQ process ID to a TTI if there is uplink resource on that TTI.
An example is shown in Figure 2. On the 1st AUL, the UE transmits in uplink and allocates a HARQ process ID1. On the 2nd AUL, the UE skips in uplink but allocates a HARQ process ID2. On the 3rd AUL, the UE transmits in uplink and allocates a HARQ process ID3, but the network doesn’t successfully receive. On the 4th AUL, the UE transmits in uplink and allocates a HARQ process ID4. The network successfully receives and detects missing HARQ process ID2 and 3. However, the network may not be able to tell which HARQ process transmission is unsuccessful.
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Figure 2. An example of Option 2
Option 1 would be better from DTX error performance point of view because the network can explicitly know which HARQ process transmission fails. However, it would require for the UE to indicate the HARQ process ID used for uplink transmission, which needs to be included in PHY. Option 2 would ease the HARQ process ID derivation for the UE but it would require additional handling for the cases that would happen due to DTX error.
Proposal. To discuss whether a HARQ process ID is associated to a TTI even if the UE skips uplink transmission on that TTI.


3.	Conclusion
In this contribution, we presented two possible options to calculate the HARQ process ID for AUL by considering skipping uplink transmission.
Proposal. To discuss whether a HARQ process ID is associated to a TTI even if the UE skips uplink transmission on that TTI. The options are:
· Option 1. Associate a HARQ process ID to a TTI only when there is uplink resource and the UE transmits in uplink on that TTI
· Option 2. Associate a HARQ process ID to a TTI when there is uplink resource on that TTI regardless of whether the UE transmits in uplink or not on that TTI
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