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1 Introduction

During Rel-13 LAA SI, the scheduling modes for a LAA CC were discussed and the following possible scheduling combinations were identified:
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 addition, in RAN1#84bis, it was agreed that flexible timing between the UL grant and PUSCH transmission are supported for eLAA [1]:
Agreement:
· For UL transmission in eLAA Scells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported

· Working assumption: The minimum latency is 4ms
Agreement:
· Confirm the working assumption

· The minimum latency is 4ms between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s)

This contribution considers aspects for possible scheduling combinations and flexible scheduling timing for eLAA.
2 Discussion on scheduling options for eLAA
2.1 Scheduling combinations for DL/UL
For Rel-13, LAA supports both self-scheduling and cross-carrier scheduling for downlink transmission under existing CA framework, it is natural to support at least both scheduling combination 1 and 4 for UL. It is noted that supporting these combinations would not introduce additional specification works. However, as identified during SI, each of these combinations has some pros and cons for DL/UL scheduling. For example, in combination 1, this is the only way to utilize initial partial subframe for downlink and beneficial to minimize control channel overhead in a scheduling cell which would be mostly PCell in case of cross-carrier scheduling. However, for the case with uplink self-scheduling where the UE applies a LBT procedure before transmitting on the UL, two successful LBT operations are required before the UE transmits on the UL. That is first the eNB performs an LBT procedure for an LAA SCell to send the scheduling command, and if this is successfully received by the UE, the UE performs an LBT procedure before transmitting in UL, which would result in reduced opportunity for UL channel access. For the combination 4, reliability on the control channel could be ensured and only a single successful LBT at the UE side is required for UL transmission. However, the control channel overhead in the scheduling cell (e.g. PCell) would be increased since it was agreed that LAA SCell could not schedule another unlicensed carrier or licensed carrier in Rel-13 LAA. Compared with two combinations 1 and 4, the combination 2 could resolve some drawbacks on the combination 1 and 4. (e.g. utilizing partial subframe, minimizing control channel overhead in PCell). Therefore, it would be desirable to support the combination 2 for eLAA in addition to the combination 1 and 4.
Proposal 1: Support following three scheduling combinations for eLAA.
· Combination 1: DL/UL: self-scheduling

· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling

· Combination 4: DL/UL: cross-carrier scheduling from a same scheduling CC
However, the combination 2 would introduce additional complexity (i.e. increasing the number of blind decoding) at the UE to monitor DL/UL grant from multiple carriers if DL/UL scheduling cell for a LAA CC is decoupled. In other words, the number of blind decoding at the UE would be increased by monitoring two different search spaces in two cells. For example, the number of blind decoding for the combination 2 would be increased if the UE is required to monitor all possible DCI formats for all aggregation levels on both scheduling cells. Therefore, further studies should be required to reduce the number of blind decoding if different DL and UL scheduling cell is supported. In Rel-13 eCA WI, some mechanisms have been introduced to reduce the number of blind decoding trials when the large number of carriers need to be monitored at the UE side (e.g. restrictions on monitoring DCI formats and/or limitation on the number of blind decoding trials), which could also be applied for eLAA.
2.2 Flexible scheduling timing

For eLAA, there is no fixed UL/DL configuration and the duration of each UL and DL burst is also variable. Some UL subframes may not be scheduled by legacy scheduling timing (e.g. 4ms for FDD), especially for the case when the number of DL subframes is less than that of UL subframes. Therefore, it was agreed that flexible timing between the UL grant and PUSCH transmission is supported for eLAA. As the number of candidates applicable to the flexible scheduling timing increases, required number of distinct timing for PUSCH transmission increases. Therefore, the number of candidates for the flexible timing should be limited. For example, the flexible timing could be indicated by introducing some offset values (e.g. 0, 1, 2, 3) added to 4ms minimum latency between UL grant and PUSCH transmission. 
Proposal 2: For flexible timing indication, limited offset values (up to 2 bits) could be added to 4ms minimum latency between UL grant and PUSCH transmission.
Although 4ms minimum latency between grant and transmission has been agreed, further reduction of the minimum latency might be considered. For legacy operation, the 4ms latency between UL grant and PUSCH transmission is required for UE to prepare PUSCH transmission (e.g. encoding and other processing). Therefore, the latency just for retransmitted PUSCH not transmitted due to LBT failure could be further reduced. The details could be found in our companion contribution [2].
3 Conclusions

This contribution considered aspects for scheduling options for eLAA and proposes the following. 

Proposal 1: Support following three scheduling combinations for eLAA

· Combination 1: DL/UL: self-scheduling

· Combination 2: DL: self-scheduling; UL: cross-carrier scheduling

· Combination 4: DL/UL: cross-carrier scheduling from a same scheduling CC
Proposal 2: For flexible timing indication, limited offset values (up to 2 bits) could be added to 4ms minimum latency between UL grant and PUSCH transmission
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