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1 Introduction
In RAN1 #86bis meeting, the following agreements on sTTI scheduling were made [1]:
Agreement:

· Select a sTTI scheduling scheme among the following candidates for each sTTI length

· Single level DCI 
· RRC configuration of sPDCCH search space and/or sPDCCH frequency region

· UE-specific information in sDCI related to sPDSCH/sPUSCH
· Two level DCI 
· RRC configuration may or may not at least partially indicate sPDCCH frequency region/search space for some of the variants described below

· variant 1
· Slow DCI: non UE-specific information in PDCCH 

· Fast DCI: UE-specific information in sDCI
· variant 2
· Slow DCI: UE-specific information in PDCCH

· Fast DCI: UE-specific information in sDCI
· variant 3
· Slow DCI: UE-specific information in PDCCH and/or sPDCCH

· Fast DCI: UE-specific information in sDCI
· Note: the sTTI scheduling scheme may be the same or different for different sTTI length

· FFS how to reduce the payload of sDCI/DCI messages for sTTI operation

· FFS support of multi-sTTI scheduling
· Additional L1 signaling related to sTTI operation can be considered
This contribution discusses the details of scheduling for short TTI.
2 sTTI scheduling
Comparing single level DCI and two level DCI scheduling, we think single level DCI as a baseline can be used for scheduling short TTI traffic with extended granularity of resource allocation to reduce control overhand. The sPDSCH/sPUSCH is scheduled by a UE-specific sDCI (sDCI1). An additional L1 signaling (sDCI2) could be an optional choice on top of sDCI1 for blind detection reduction at cost of losing certain flexibility. For the scheduling purpose, the flexibility should be one of the most important targets. So if sDCI2 should be adopted, it should be optional, i.e., eNB should have the freedom at anytime as needed to perform the scheduling without limitations caused by sDCI2. On the UE side, in a sTTI not falling into the valid life-cycle of any detected sDCI2 (e.g., the valid life-cycle of one sDCI2 is one subframe), UE assumes the operations as only scheduled by sDCI1.  
Proposal 1：UE-specific single level DCI (sDCI1) should be the baseline for sTTI scheduling. Additional L1 signalling (sDCI2) could be an optional choice on top of sDCI1.
Another issue on sTTI scheduling is whether multi-sTTIs scheduling scheme can be used or not. In our view, the UE-specific sDCI schedules a single sTTI only. This is because latency reduction benefit is mainly obtained in TCP slow-start phase, and the traffic could arrive dynamically and aperiodically. So resource allocation over multi-sTTIs would not be a typical application. There seems no applicable scenario for multi-sTTIs scheduling.
Proposal 2：Multi-sTTI scheduling is not supported. 
3 sDCI1 contents
For the sDCI scheduling sPDSCH, its contents include the fields of legacy DCI scheduling PDSCH (the field sizes could be different from the legacy cases) and possibly a field indicating the unused sPDCCH resource [2]. Because multiple DL transmission modes (TMs) are supported, there are two options for sDCI1 format(s). 
· Option 1: Same sDCI format for all TMs like for eMTC UE. This would require the sDCI format contain the same MIMO related information for all TM 3/4/6/8/9/10.
· Option 2: Different sDCI formats for different TMs like for normal UE. Each sDCI format contains the MIMO related information specifically for one TM.

Because TM can be configured by eNB and L1 control overhead should be minimized as much as possible, option 2 seems better.
For the sDCI scheduling sPUSCH, its contents include the fields of legacy DCI scheduling PUSCH (the field sizes could be different from the legacy cases) and the field indicating the relative position between sPUSCH and corresponding DMRS [3].
Proposal 3：Field indicating the unused sPDCCH resource can be included in sDCI1 for DL scheduling. Field indicating the relative position between sPUSCH and corresponding DMRS can be included in sDCI1 for UL scheduling. 
4 sDCI2 contents and transmission

sDCI2 is used to indicate or adjust a subset of RRC configuration. Contents in sDCI2 that are helpful to reduce sDCI1 decoding complexity and/or to improve sDCI1 decoding performance should also be considered. 
From BD reduction aspect, a subset of sPDCCH search space can be indicated by a limitation part of PRB set, aggregation levels and/or related number of candidates. It can be also used for limitation part of legacy PDCCH USS for reducing processing delay because both PDCCH and sPDCCH should be blindly detected by a UE in short TTI mode.
From adjustment aspect, the information such as starting CCE index offset for search space can also be considered. These parameters can be used when RRC configuration are not changed immediately.

Proposal 4：Information on a subset of search space and other transmission parameters of sDCI1 could be in sDCI2.
Because RRC configuration is generally UE-specific, sDCI2 that indicates the subset of RRC configuration is better to be UE-specific as well. 
In order to minimize the L1 control overhead, sDCI2 should be sent only when needed. We prefer to have the periodic opportunities (e.g., once every X subframes, where X≥1 is RRC configurable) for sDCI2 transmission. At every opportunity, eNB is free to transmit or not transmit the sDCI2. UE tries the decoding of sDCI2 at every opportunity. If UE does not detect sDCI2 successfully, or UE comes to a sTTI not falling into the valid life-cycle of any detected sDCI2 (e.g., the valid life-cycle of one sDCI2 is one subframe), UE would detect sDCI1 according to RRC configured search space and parameters, which give the super-set of sDCI2. This solution provides additional benefits on UE power consumption (comparing to transmit sDCI2 in every subframe) and L1 overhead reduction (comparing to mandating sDCI2 transmission at every opportunity).   
Proposal 5：eNB and UE follow the periodic opportunities for sDCI2 transmission; however, the sDCI2 transmission is not mandated at every opportunity.

5 Conclusion

According to the analysis given above, we have the following proposals: 
Proposal 1：UE-specific single level DCI (sDCI1) should be the baseline for sTTI scheduling. Additional L1 signalling (sDCI2) could be an optional choice on top of sDCI1.
Proposal 2：Multi-sTTI scheduling is not supported. 
Proposal 3：Field indicating the unused sPDCCH resource can be included in sDCI1 for DL scheduling. Field indicating the relative position between sPUSCH and corresponding DMRS can be included in sDCI1 for UL scheduling. 

Proposal 4：Information on a subset of search space and other transmission parameters of sDCI1 could be in sDCI2.
Proposal 5：eNB and UE follow the periodic opportunities for sDCI2 transmission; however, the sDCI2 transmission is not mandated at every opportunity.
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