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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#87, the agreements regarding mini-slot are as following:
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Agreements:
· Mini-slots have the following lengths
· At least above 6 GHz, mini-slot with length 1 symbol supported
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· FFS whether DL control can be supported within one mini-slot of length 1 
· Lengths from 2 to slot length -1
· FFS on restrictions of mini-slot length based on restrictions on starting position 
· For URLLC, 2 is supported, FFS other values 
· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions
· Can start at any OFDM symbol, at least above 6 GHz
· FFS below 6 GHz including unlicensed band
· FFS for URLLC use case regardless frequency band
· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot 

In RAN1 ad hoc meeting, a WF on scheduling for slot and slot aggregation is as following:
· For slot aggregation, the number of aggregated slots for a given UE can be dynamically indicated in DCI
· NR supports single DCI schedules one TB mapped across multiple slots
· FFS: Single DCI schedules one or multiple TBs mapped on one slot.
In this contribution, we mainly discuss the time domain resource allocation for NR considering the introduction of mini-slot, multi-slot, cross-slot scheduling and mixed numerologies.
Discussion
Time domain resource allocation in LTE/LTE-A
In LTE/LTE-A, there are mainly three kinds of time domain scheduling units.
The first one is signal subframe scheduling. In this case, a subframe is the basic time domain scheduling unit, and no signaling is necessary. To support data transmission occupying multiple subframes, multiple DCIs are necessary. 
The second one is SPS. It is mainly for VoIP traffic, and a single DCI can schedule data transmission in multiple subframes. The scheduled multiple subframes are configured by RRC signaling. 
The third one is multi-subframe scheduling introduced for LAA in Rel-14. In this case, a single DCI indicates the number of scheduled subframes and the detailed scheduling information for each subframe. The difference from the second one is that it is by physical layer signaling, and more detailed scheduling information can be provided for each subframe by the DCI. Currently this multi-subframe scheduling is only supported for UL.
Mini-slot
In NR, mini-slot will be introduced. The time domain scheduled resource may be shorter than a subframe and occupies one or multiple symbols. With mini-slot aggregation, larger number of symbols may be possible. The starting position of the scheduled data transmission may be different from the ending of the DCI due to cross-slot scheduling and CA/CoMP operation. Consequently, the starting symbol positon and the scheduled symbol number needs to be indicated to the UE. Alternatively, the indication can also be the starting symbol position and the ending symbol position, or the ending symbol position and the scheduled symbol number.
Proposal 1: Support indication of the time domain resources’ positions.
Mixed numerology
In NR, dynamic mixed numerology will be supported in a single carrier. Different numerologies have different symbol lengths, which makes the time domain granularities different. If combined with min-slot, multi-slot and cross-slot scheduling, the time domain scheduled resource indication will be more complicated.  A time domain resource division example is shown in Fig 1.


Fig 1. Symbol level time domain resource allocation with mixed numerology
In Fig 1, DL mini-slot 1 occupies 6 symbols with smaller symbol length, and the resource allocation boundary is not aligned with larger symbol boundary. UL mini-slot 3 occupies 1 symbol with larger symbol length.
Two options can be considered for time domain resource allocation.
The first option is to use the smallest time domain granularity, for example symbol length of DL mini-slot 1 in Fig 1. With this option, time domain resource allocation with different numerologies can be expressed with the smallest symbol length. For the larger symbol length, the indicated symbol number is multiples of the ratio between two different symbol lengths, which makes the signaling overhead larger.
The second option is to use a two dimension expression for each numerology specific time domain resource allocation.  The first dimension is to express the time domain resources’ positions in terms of the largest symbol length, and the second dimension is to express the detailed position in terms of the individual symbol length within the starting and ending of the largest symbol. For example, in Fig 1, the starting position of DL mini-slot 1 will be expressed as (2,1), where 2 is the symbol index in terms of the larger symbol length, and 1 is the symbol index in terms of the smaller symbol length within larger symbol 2. With this option, the signaling overhead can be decreased compared with the first option. The disadvantage is that the numerology corresponding to the time domain resource allocation needs to be indicated firstly.
Proposal 2: Consider how to address the time domain resource allocation with mixed numerology and symbol level transmission.
Conclusion
In this contribution, we discussed the time domain resource allocation issues considering mixed numerology and symbol level transmission, and our proposals are as following:
Proposal 1: Support indication of the time domain resources’ positions.
Proposal 2: Consider how to address the time domain resource allocation with mixed numerology and symbol level transmission.
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