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1. Introduction

At the RAN#70 meeting, the new WI proposal on “enhanced LAA for LTE” (eLAA) was approved [1]. This WI targets to specify support for UL carrier aggregation for LAA SCell(s) using Frame Structure type 3. Hence, specifying UL scheduling design for PUSCH transmission in eLAA is one of the main objectives in this WI. 
During Rel-13 LAA SI, following agreements regarding PUSCH and corresponding scheduling design for LAA SCell were made [2]. 
Agreements:
· For asynchronous UL HARQ for UL HARQ operation, PHICH is not used

· For asynchronous UL HARQ for UL HARQ operation, UL grant DCI contains following information fields

· HARQ process number

· Redundancy version
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

Agreements:
· Target the support of UL multiplexing of multiple UEs in one subframe by

· Multiplexing in frequency domain

· The supported resource assignment (e.g. number and location of allocated RBs) is FFS

· Multiplexing by MU-MIMO
Agreements:
· For PUSCH, extending the current single and dual cluster allocation to multi-cluster (>2) allocation (e.g. RBs/subcarriers spaced uniformly in frequency) is identified as a candidate waveform that satisfies regulatory requirements and maximizes coverage

· FFS: Number of clusters needed

· FFS: Size of each cluster
· FFS: Spacing between clusters or subcarriers
Agreements:
· In case of a eNB operating DL+UL LAA over the same unlicensed carrier, DL transmission burst(s) and UL transmission burst(s) on LAA can be scheduled in a TDM manner over the same unlicensed carrier
· Any instant in time can be part of a DL transmission burst or an UL transmission burst
In this contribution, we discuss on UL scheduling design for eLAA. We also discuss the channel access framework for eLAA UL and PUSCH design in our companion contributions [3,4].
2. UL scheduling design for eLAA
2.1. Scheduling combinations for DL+UL LAA
According to the agreements made in Rel-13 LAA SI, we have following three possible scheduling combinations for DL+UL LAA.

· Option 1: DL/UL: self-scheduling
· Option 2: DL: self-scheduling; UL: cross-carrier scheduling
· Option 3: DL/UL: cross-carrier scheduling from a same scheduling CC
It is straightforward to support at least option 1 and 3 since these mechanisms are already covered by current CA framework. However, in case with LAA SCell, each of these options has some restriction due to LBT-based operation on LAA SCell. 
In option 1, i.e., self-scheduling for both DL and UL, PUSCH transmission would require LBT success twice, one is both DL LBT for UL grant transmission and another is UL LBT for scheduled PUSCH transmission. In addition, due to 4 ms delay between UL scheduling and transmission, eNB may need to keep the channel even after sending UL grant and need to stop its DL transmission just before scheduled UL subframe with appropriate time margin for UL LBT. Otherwise, scheduled UL transmission would fail due to channel access of other LAA/Wi-Fi node as shown in Figure 2-1 (a).
In option 3, i.e., cross-carrier scheduling for both DL and UL, there are agreements made in Rel-13 LAA as described below.
Agreements:
· Cross-carrier scheduling is supported in LAA Scell DL
· A UE is not expected to be configured with an unlicensed carrier to schedule another unlicensed carrier or licensed carrier
· For the cross-carrier scheduling, if UE receives DL grant for LAA SCell, the UE can assume the corresponding PDSCH is present, which is same as Rel-12 UE behavior
· A UE is not expected to be cross-carrier scheduled for an unlicensed carrier with an initial partial subframe in the unlicensed carrier
However, when eNB prepares DL grant for possible first subframe of DL transmission burst, eNB has not yet obtained a channel access right for the DL transmission burst. UE receiving cross-carrier DL grant assumes the presence of corresponding PDSCH but it may not be present actually as shown in Figure 2-1 (b). Then, unnecessary NACK reporting will be performed by UE. In addition, for ending partial subframe, common DCI on LAA SCell needs to be monitored even when cross-carrier scheduling is applied to LAA SCell.
Compared with above two options, option 2 can relax both of above issues in option 1 and 3, and hence option 2 seems the most promising scheme for DL+UL LAA. Possible concern on option 2 is the increase of blind decoding effort due to monitoring on multiple carriers. However, if monitoring on multiple carriers is applied, dynamic switching between self-scheduling and cross-carrier scheduling would be beneficial since an appropriate scheduling scheme would be different on a case-by-case basis. For example, DL self-scheduling would be appropriate for the former subframes of DL transmission burst while DL cross-carrier scheduling can be used for the latter subframes of DL transmission burst. Some blind decoding enhancements for option 2, i.e., splitting the DL and UL scheduling cell and dynamic switching option should be further studied. Rel-13 eCA already supports some mechanisms to reduce blind decoding effort and hence it should also be possible for eLAA.
Proposal 1: Support following three scheduling combinations for DL+UL LAA.

· Option 1: DL/UL: self-scheduling

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

· Option 3: DL/UL: cross-carrier scheduling from a same scheduling CC

Proposal 2: Dynamic switching between self-scheduling and cross-carrier scheduling for both DL and UL LAA can also be considered as possible option.

Proposal 3: Some blind decoding enhancements to reduce the number of blind decodings on each scheduling cell should be further studied.
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Figure 2-1: Possible scheduling issues due to LBT busy
2.2. Flexible UL scheduling to multiple candidate subframes
Especially in case of cross-carrier scheduling from TDD cell, fixed 4 ms delay between UL scheduling and transmission causes inflexibility. For example, DL control channel may be overloaded due to cross-carrier scheduling to possible large number of LAA SCells, and some subframes on LAA SCells cannot be used for UL due to specific TDD configuration in scheduling cell. Therefore, flexible UL scheduling delay would be beneficial for eLAA.
In addition, since UL LBT is necessary for each UL transmission burst, multi-subframe scheduling would also be beneficial for eLAA to reduce the ratio of LBT overhead.

Proposal 4: Support flexible UL scheduling delay and multi-subframe scheduling for eLAA.

2.3. UL grant enhancements for eLAA
Since eLAA PUSCH transmission will have several big changes from LTE PUSCH transmission, e.g., LBT-based transmission, asynchronous UL HARQ operation, multi-cluster transmission and shortened UL subframe as discussed in [4] and so on, corresponding UL grant enhancement needs to be considered.

As argued in [3], we think Cat.4-based UL LBT should be supported in eLAA at least for cross-carrier scheduling case to achieve fair coexistence with other DL LAA and Wi-Fi transmissions. In such case, to achieve multi-user multiplexing within a cell, eNB can handle CWS adjustment and random back-off counter generation. eNB indicates common random back-off counter value used in Cat.4-based UL LBT to UEs so that UEs observing idle channel can start transmission at the same time. In addition to Cat.4-based UL LBT, other faster UL channel access schemes may also be supported with appropriate condition. For example in case of UL self-scheduling, UL channel access scheme can be different depending on whether UL transmission falls within MCOT based on DL LBT performed by eNB. So, dynamic indication of LBT scheme can also be considered.
For asynchronous UL HARQ operation, it was already agreed that UL grant contains HARQ process number and redundancy version fields. If random access on LAA SCell is supported, UL grant in RAR may also need to contain above information fields for asynchronous HARQ operation. However, since there seems to be no sufficient room for the new information fields in current MAC RAR format, some enhancement to solve this issue may be necessary.
To achieve flexible UL scheduling delay and multi-subframe scheduling, indication of one or consecutive subframes within multiple candidate subframes can be considered.
In [4], we propose to support eNB indication of UL PUSCH subframe structure, i.e., number of symbols used for scheduled UL transmission in order to provide a time gap for CCA. Therefore, a few bits in UL grant are necessary for this indication.
In summary, UL grant for eLAA would need to have some additional fields and corresponding bits. On the other hand, it would be possible to reduce/remove some unnecessary fields/bits for eLAA in current UL grant. For example, resource allocation type can be fixed to the multi-cluster type and then intra-TTI frequency hopping will be no longer necessary. The number of required bits for resource block assignment can be reduced if some restriction on resource allocation is applied, e.g., in case that total transmission bandwidth is fixed.
Proposal 5: Support following information fields in UL grant for eLAA in addition to HARQ process number and redundancy version.

· UL channel access scheme

· Random back-off counter value (in case that Cat.4-based UL LBT is indicated)

· Scheduled subframe(s) indication

· UL PUSCH subframe structure (i.e., number of symbols used for scheduled UL transmission)
3. Conclusion 

In this contribution, we have discussed on UL scheduling design for eLAA. We made the following proposals. 

Proposal 1: Support following three scheduling combinations for DL+UL LAA.

· Option 1: DL/UL: self-scheduling

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

· Option 3: DL/UL: cross-carrier scheduling from a same scheduling CC

Proposal 2: Dynamic switching between self-scheduling and cross-carrier scheduling for both DL and UL LAA can also be considered as possible option.

Proposal 3: Some blind decoding enhancements to reduce the number of blind decodings on each scheduling cell should be further studied.
Proposal 4: Support flexible UL scheduling delay and multi-subframe scheduling for eLAA.

Proposal 5: Support following information fields in UL grant for eLAA in addition to HARQ process number and redundancy version.

· UL channel access scheme

· Random back-off counter value (in case that Cat.4-based UL LBT is indicated)

· Scheduled subframe(s) indication

· UL PUSCH subframe structure (i.e., number of symbols used for scheduled UL transmission)
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