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Introduction
Several possible scheduling combinations for an LAA SCell were identified in RAN#80bis,
· Combination 1: DL/UL: self-scheduling
· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling
· Combination 3: DL: cross-carrier scheduling; UL: self-scheduling
· Combination 4: DL/UL: cross-carrier scheduling from a same scheduling CC
Combination 3 was already agreed not to be a design target for LAA in RAN#80bis. It was left FFS which particular combinations to consider for R13 LAA. In addition, the use of a combination of scheduling approaches was left FFS.
We first provide our recommendations on which DL scheduling combinations should be supported for R13 LAA operation. When considering R13 LAA SCell DL-only operation, it will not be necessary to decide right away on the UL scheduling principle. We think however that it is useful to consider DL and UL scheduling in conjunction, given that these are somewhat related, because both are tied to (e)PDCCH decoding aspects. In the second part of this contribution we then discuss the question whether PDCCH or EPDCCH or both should be supported for LAA DL scheduling. We provide our final recommendations in Section 3.

Scheduling combinations
When considering the possible scheduling combinations, we think that LAA operation should primarily rely on Combination 1: DL/UL: self-scheduling (on the LAA SCell) using the EPDCCH.
The use of EPDCCH will result in least implementation complexity of all available design options given that in all initial partial DL subframes following a successful DL LBT Cat 4 channel access attempt by the LAA eNB, detection complexity for the UE can be kept low when choosing a limited set of 4 possible starting symbol positions in time-domain. EPDCCH starting symbols can be aligned with the actual PDSCH transmission containing DL data to a scheduled UE.
For the case of subsequent full LAA SCell DL subframes, both PDCCH and EPDCCH could be considered in principle. However, even here we think that it is undesirable that an LAA capable UE should toggle L1 processing between EPDCCH in initial partial subframes as opposed to processing PDCCH in the following full DL subframes.
While the possibility to configure the UE with a bitmap indicating in which subframes it should monitor PDCCH rather than EPDCCH exists as by R11, we think the fixed per-subframe signaling approach in R11 cannot be easily adapted to the LAA context. This is due to the fact that the transmission of DL subframes following DL LBT Cat 4 will result in a rather unpredictable time pattern with the consequence that a rather complicated set of rules for UE behavior would need to be specified and tested.
As such, we think it is simpler to only and always use EPDCCH for any type of DL scheduling in the LAA SCell using the UE specific search space for any type of LAA DL subframe in the DL transmission interval.
If PDCCH is to be supported on the LAA SCell, this would be only to allow common control signaling for the purpose of managing the LAA DL. This however is not necessary, because System Information, Paging or RAR would all be carried on the licensed band PCell DL.
We see the use of Combination 2: DL: self-scheduling; UL: cross-carrier scheduling as a means to decouple the probability of successful UL channel access from DL LBT in the case of heavily loaded SCells. Basically, by having the option available to cross-schedule the LAA SCell UL from the licensed band PCell, the eNB can ensure that the possibility for UL transmissions to schedule the LAA SCell UL remains available. UL scheduling is decoupled from DL control channel availability on the LAA SCell.
We think that Combination 4: DL/UL: cross-carrier scheduling from a same scheduling CC is impractical mainly due to the reason that DL cross-carrier scheduling using either PDCCH or EPDCCH from the licensed band PCell for the first initial DL subframe is difficult to achieve in presence of DL LBT Cat 4 on the LAA SCell. On the PCell, PDCCH and EPDCCH use fixed and configured OFDM symbol starting positions respectively at the beginning of the PCell subframe. Therefore, these can’t be used without modifications compared to R12 if DL LBT Cat 4 succeeds on the LAA SCell at a time later in the DL subframe. We do not see the need to modify PDCCH or EPDCCH DCIs on the PCell in the context of R13 LAA operation.
While it may be considered to use DL cross-carrier scheduling for the case of full LAA SCell subframes in a given DL transmission interval, we think it is undesirable that a UE should dynamically re-configure its PDCCH/EDPCCH processing on the PCell as function of which DL subframe it processes in the sequence of consecutive received subframes making up the DL TXOP on the LAA SCell.
The design principle for LAA DL scheduling operation should remain simple: a R13 LAA UE gets configured by the eNB to monitor the UE specific search space using either PDCCH or EPDCCH as in R11, and the LAA capable UE monitors and processes this RRC configured single physical channel for any DL subframe in which it may receive a data transmission on the LAA SCell.
Similarly, when the case of LAA SCell based DL cross-carrier scheduling for other LAA SCells is considered, we think this case is rather complex to support in practice. Different 5 GHz channels will each need to perform DL LBT Cat 4 independently and a simultaneous availability of those multiple channels in exactly the same time instant is unlikely. DL cross-scheduling from an LAA SCell onto another LAA SCell would therefore require to deal with time-offsets and the eNB accounting for DL data scheduling decisions across LAA SCells. This is something we think is best avoided, i.e. DL scheduling per DL SCell should remain independent from scheduling for other DL SCells.
In summary, we think that Combination 1: DL/UL: self-scheduling (using the EPDCCH) is the approach that is most flexible and least complex. The additional possibility to use UL cross-carrier scheduling from the licensed band PCell as by Combination 2 is available at no extra complexity and offers some flexibility for the case of heavily loaded 5 GHz SCell channels.

Conclusion
In this contribution we provide our recommendations on which DL scheduling combinations should be supported for R13 LAA operation.
In summary, we propose:
Proposal 1:
R13 LAA only supports DL self-scheduling on the LAA SCell using the EPDCCH on a set of 4 pre-defined possible starting symbol positions in time-domain.
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