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Introduction
In the March 2015 RAN1 LAA AdHoc meeting, support for asynchronous UL HARQ was agreed. It was also agreed to target the support of UL multiplexing of multiple UEs in one subframe for LAA by means of FDM and MU-MIMO. Furthermore, principles of DL and UL transmissions including frame structures for LAA were discussed.
In this contribution we provide our views and recommendations on HARQ to support LAA UL transmissions. We discuss the design changes in order to support asynchronous UL HARQ operation. This includes the question of need for PHICH (or not), timing relationships between UL grant and PUSCH and UL grant design for LAA.

Discussion
During LAA operation, any eNB initiated DL transmission is subject to LBT/CCA. Similarly, in the UL, UEs which were dynamically scheduled by the eNB need to perform CCA prior to the beginning of their UL subframes.
It is one consequence of such an approach that before any UE can transmit PUSCH on the LAA SCell UL that two CCAs need to be performed, the first one by the eNB for transmitting the UL grant in a DL subframe, the second CCA prior to the transmission of PUSCH in an UL subframe by the UE.
The support of asynchronous HARQ in the LAA UL removes several drawbacks with LTE UL synchronous HARQ protocol operation when employed in the new LAA context. During LAA SCell operation, UL subframes which are pre-determined and linked to the HARQ process for autonomous UE re-transmissions are not always available for UL transmission. Similarly, DL subframes needed to carry PHICH / UL grant are not always guaranteed to become available to the LAA eNB.
By itself, the use of asynchronous HARQ for the LAA UL requires support for a 3 bit HARQ process field in a new R13 version of the UL grant DCI(s).
In our view, PHICH operation for self-scheduling on the SCell should not be a pre-requisite for UL transmissions due to the fact that the main purpose of PHICH is to efficiently trigger the re-transmission instead of a having a new UL grant which requires more resources. In fact, much more flexibility to dynamically schedule LAA SCell UL transmissions can be provided if the eNB explicitly solicits (re-)transmissions from the LAA UE.
In consequence, an implicit ACK mechanism whereby a UE transmits PUSCH then suspends the corresponding UL HARQ process until it receives an UL grant for that HARQ processes which either solicits another RV or toggles to the next TB for that HARQ process through NDI is a simple and efficient solution for LAA.
Such an approach also removes the need to deal with the very stringent LTE FDD n+4 timing relationships between transmissions of PUSCH and PHICH / UL grant. LAA UL grants can occur in subframes other than n+4 following the PUSCH transmission by a UE.
It is clear that providing more flexibility for the eNB to schedule UL transmissions from any available DL subframe is a key prerequisite for efficient use of the much more limited number of UL subframes with LAA. Also, more flexibility than provided by legacy LTE is highly desirable to make efficient use of the fewer DL subframes available for eNB DL transmissions and carrying DL control signaling.
[bookmark: _GoBack]In particular, reusing either the fixed FDD n+4 or the set of TDD DL-UL timing relationships between transmission of UL grant and transmission of PUSCH has the consequence that unavailability of the scheduling DL subframe results in the complete loss of the UL transmission opportunity for all UEs in the case of self-scheduling from the LAA SCell. Using UL cross-carrier scheduling as provided by TDD-FDD carrier aggregation from the PCell however results in less constraints.
Therefore, the new LAA UL grant DCI(s) for LAA SCell self-scheduling should support the ability to schedule any UL subframe within the next UL transmission period from a set of possible DL subframes occurring before.
For example, LAA UL grants in subframe n should allow for PUSCH transmission occurring in n+2, n+3, n+4 and n+5. Or, the LAA UL grant in subframe n can carry an subframe offset m, granting the mth UL subframe in the next UL transmission interval. We think that shortened UL grant/PUSCH transmission delays are in reach for UE implementations.
Another approach that may be taken to allow for efficient use of LAA DL subframes when carrying DL control signaling is the support for self-scheduling for multiple UL subframes with a single LAA UL grant DCI for a given UE, i.e. multi-TTI scheduling. 

Conclusion
In this contribution we provide our views and recommendations on HARQ principles to support LAA UL transmission.
We discuss the design changes in order to support asynchronous UL HARQ operation. This includes the question of need for PHICH (or not), timing relationships between UL grant and PUSCH and UL grant design for LAA.
In summary, we propose:
Proposal 1:
LAA UL transmissions are supported through self- scheduling on the LAA SCell and cross-carrier scheduling from the licensed band PCell.
Proposal 2:
LAA UL transmissions use implicit ACK, i.e. PHICH-less operation. HARQ re-transmission or transmission of a new TB for that HARQ process are explicitly scheduled through the LAA UL grant DCI.
Proposal 3:
LAA UL grant DCI(s) in DL subframe n should support assigning PUSCH in different UL subframes and support multi-TTI scheduling for PUSCH.
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