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1 Introduction
In RAN1#80bis meeting [1], downlink and uplink scheduling for unlicensed carrier were discussed, and the observations and agreements were as following:
Observations:
· Following possible scheduling combinations for a LAA CC are identified:
· 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
· Continue study until RAN1 #81 meeting considering above combinations except for combination 3
· FFS: Combine multiple combinations
Agreement:
· Combination 3 in above observations is not a design target of LAA
In RAN1#84 meeting [2], uplink scheduling was further discussed with the following agreements:
Agreements:
· For eLAA, flexible timing between UL grant and UL transmission is supported
· For the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell, at least the following options are considered
· Option 1) Single UL grant in a subframe for a UE can schedule N (N1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
· FFS: N is consecutive or non-consecutive
· Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes
· Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result
· FFS: Two stage grants. A common semi-persistent grant provides high level information (e.g. RB allocation, MCS etc.) and a second grant in a subframe for a UE can schedule PUSCH transmissions following options 1 and 2 for certain UL subframes.
In this contribution, we further discuss on the uplink scheduling for LAA Scell. 
2 Discussion
2.1 Combination of DL and UL scheduling
As discussed in [3], the scheduling method combination 1 (i.e. DL/UL: self-scheduling) and combination 2 (i.e. DL: self-scheduling; UL: cross-carrier scheduling) are the preferred design options for LAA DL/UL scheduling. Since otherwise, both eNB and UE shall perform LBT for a single PUSCH transmission, which significantly reduce the UL channel access capability for LAA compared to that for WIFI. However, the number of blind detections for scheduling combination 2 is increased compared to current carrier aggregation case. As shown in figure 1, PDCCH/EPDCCH blind detection candidates for LAA SCell is doubled, since UE should blind decode on two carriers for UL grant and DL grant for an unlicensed carrier, respectively. Therefore, the UE blind decoding complexity may be a concern and methods to reduce the number of blind decodes can be considered. Following are two options.
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Figure 1: Illustration of UE specific search space for DL and UL scheduling combination 2
Option 1: Split the number of PDCCH/EPDCCH decodes for an unlicensed serving cell into licensed and unlicensed carrier, and then the number of PDCCH/EPDCCH candidates that UE should monitor for LAA SCell in each carrier is reduced.
Option 2: To share the search space for transmitting LAA Scell UL grant with the Pcell search space and align the UL grant size for LAA Scell and the DCI for Pcell. However, the PDCCH/EPDCCH blocking probability is largely increased when multiple unlicensed carrier are aggregated with a licensed carrier. Thus, option 2 is not preferred.
On the other hand, considering that LAA UEs should be able to blind decode PDCCH/EPDCCH in both the first slot and the second slot if initial partial subframe is used, which means the increased blind decoding by can already be supported by Rel-13 LAA UEs. Hence, the blind decoding should not be a problem and the scheduling combination 2 should be supported.
Observation 1: The Rel-13 LAA UEs supporting partial TTI can already support increased number of blind decodes per subframe. 
Proposal 1: To support DL/UL scheduling of an unlicensed Scell in LAA, the following combination of scheduling methods is recommended. 
· Combination 1: DL/UL: self-scheduling
· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling
2.2 Multi-subframe scheduling
As agreed in 3GPP #84 meeting, it has been agreed to consider the following multi-subframe scheduling method for LAA UL.

· Option 1: Single UL grant in a subframe for a UE can schedule N PUSCH transmissions for the UE in N subframes with single PUSCH per subframe. 
· Option 2: Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH. 
· Option 3: Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission among one of the multiple subframes depending on UL LBT result. 
In option 1, a single UL grant can schedule PUSCH in multiple subframes, hence the overhead for UL grant transmission is reduced. Note that this option is similar to the Rel-8 UL scheduling in TDD UL-DL configuration #0 with UL INDEX =11. Furthermore, in order to support flexible UL grant timing together with multi-subframe scheduling, the UL HARQ ID and RV information for each scheduled PUSCH transmission should be included in the UL grant.

In option 2, each PUSCH transmission can be scheduled by individual UL grant and the multiple UL grants can be transmitted in the same DL subframe. Therefore option 2 could provide better scheduling flexibility than option 1 with the cost of higher signaling overhead. It is also note that this option is similar to the Rel-8 UL scheduling in TDD UL-DL configuration #0 with UL INDEX =01 or 10. 
Option 3 intends to increase the success rate for a single scheduled PUSCH transmission by providing multiple CCA opportunities in more than one subframes as well as the physical resources, especially for the high load scenario. However, as physical resources in consecutive subframes has to be reserved for the UE, which can result in resource waste, if the CCA succeeds in the first subframe, as such resources cannot be re-allocated to other UEs. Therefore, our view is that option 3 should not be adopted. 

The two stage grants can be considered for option 2 to reduce signaling overhead while keeping some scheduling flexibility. A common semi-persistent grant can provide some common information for multiple subframes (e.g. MCS and RB allocations) and a second grant can provide per subframe information such as UL HARQ ID, redundancy version, TPC command, etc.
Proposa2: For multi-subframe scheduling, option 3 should not be supported.
3 Conclusion
In this contribution, we discuss the UL scheduling for LAA on Scell. The above discussion is summarized with following observations and proposals:
Observation 1: The Rel-13 LAA UEs supporting partial TTI can already support increased number of blind decodes per subframe. 

Proposal 1: To support DL/UL scheduling of an unlicensed Scell in LAA, the following combination of scheduling methods is recommended. 

· Combination 1: DL/UL: self-scheduling
· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling
Proposa2: For multi-subframe scheduling, option 3 should not be supported.
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