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1 Introduction
With continuous RAN1 technical finding as summarized in [1], RAN2 is supposed to continue its LAA relevant discussion within its scope. In this contribution, we shall shed some further thoughts on the HARQ modeling and operations for LAA.
2 Discussion
In the much broader unlicensed spectrum, there are many potential unlicensed resources for operators’ use by means of LAA Scell (denoted as U-Scell hereafter for brevity). For particular LAA configuration snapshot, U-Scell is always accompanied with Pcell (and optional Scells) on licensed carriers. Per current RAN1 study and simulation on various LAA co-existing issues, U-Scell is supposed to have fixed carrier frequency and bandwidth in certain unlicensed band, which is much alike the way that operator does with licensed spectrum planning and farming. For that reason, the legacy licensed CA framework, e.g. configuration & mobility via L3 signalling can be reused as much as possible.
Per latest outcome from RAN1 meeting, there are 3 basic types of scheduling mechanism applicable for U-Scell as below:
· DL/UL: self-scheduling with U-Scell; (Option 1)
· DL/UL: cross-carrier scheduling with the same Pcell/Scell; (Option 2)
· DL: self-scheduling with U-Scell; UL: cross-carrier scheduling with Pcell/Scell; (Option 3)
For Option 1, where the scheduling on U-Scell is restricted by LBT and COT requirement for both DL and UL, it is assumed that self-scheduling via PDCCH may not be easy especially for PDSCH transmission on partial subframes. Thus, self-scheduling via EPDCCH should be reused for PDSCH/PUSCH transmission on either partial or full subframes. There is also potential need for LBT enhancement to accommodate UL self-scheduling and transmission.
For Option 2, where the scheduling on licensed carriers is not restricted by LBT or COT requirement for both DL and UL, the eNB may need to allocate and arrange the PDCCH/EPDCCH resources with Pcell/Scell prior to LBT, and it could often lead to waste of  PDCCH/EPDCCH resources if LBT fails. Besides, the limited capacity of PDCCH/EPDCCH channel is also challenged subject to total number of served U-Scells.
For Option 3, where the DL scheduling on U-Scell is restricted by LBT and COT requirement, but UL scheduling is not restricted, it provides kind of scheduling flexibility and control signalling overhead relief for eNB, but UE may need to double its DCI detection/decoding times, so may increase the detection failure risk and UE power consumption.
The scheduling mechanism for Option 1 and 2 have already been supported widely in legacy CA, but Option 3 looks rather new, and may be dedicated for U-Scell HARQ operation. Regardless whichever type of scheduling would be used for particular U-Scell, the associated DL HARQ entity needs to manage its multiple DL HARQ processes in asynchronized way; and the associated UL HARQ entity needs to manage its multiple UL HARQ processes also in asynchronized way. Although there are still many RAN1 responsible details about U-Scell specific HARQ operation pending for further discussion, e.g. new DCI content design, partial subframe scheduling and transmission, potential new HARQ-feedback timing, maximum number of HARQ processes for both DL and UL, but from RAN2 upper layer perspectives, the U-Scell specific HARQ modelling and operation for Rel-13 LAA should not show significant differences compared to legacy HARQ, so many principles for legacy HARQ can still be maintained, in order to minimize the impacts on RAN2 responsible specs.
Proposal 1: For PHY upper layers, to maintain the legacy HARQ modelling and operation as much as possible for Rel-13 LAA.
At RAN2#89bis, it has been concluded that RAN2 did not intend to study cross-carrier HARQ retransmission further. In order to overcome the uncertain transmission latency with UL/DL U-Scell specific HARQ processes, it was viewed beneficial that eNB could terminate certain HARQ process once its new transmission is failed, so that RLC level retransmission can be immediately triggered. Currently, the parameter maxHARQ-Tx for UL HARQ is configured per MAC entity, obviously, if the maxHARQ-Tx is set to e.g. “n1” (no HARQ retransmission), it would impact negatively the HARQ processes on all licensed carriers. Hence, eNB had better be able to configure independent maxHARQ-Tx for U-Scells, so that quicker RLC level retransmission is possible with U-Scells.
Proposal 2: To introduce an independent parameter maxHARQ-Tx for UL HARQ processes in U-Scells.
3 Conclusion
In this contribution, we have shed some further thoughts on HARQ modeling and operations for LAA, and RAN2 is kindly asked to discuss following proposals:

Proposal 1: For PHY upper layers, to maintain the legacy HARQ modelling and operation as much as possible for Rel-13 LAA.
Proposal 2: To introduce an independent parameter maxHARQ-Tx for UL HARQ processes in U-Scells.
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