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1 Introduction
At the RAN1#86bis meeting [1], several issues related to scheduling were discussed and agreed including:
Working assumptions:
· The NR frame structure should support both slots and mini-slots

· FFS: Timeline granularity for monitoring control of the mini-slot
· FFS: Terminologies of mini-slot

Agreements:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots

· NR supports at least same-slot and cross-slot scheduling for DL.
· Note: it is already agreed that NR supports same-slot and cross-slot scheduling for UL.
· Timing relationship between UL assignment and corresponding UL data transmission can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between UL assignment and corresponding UL data transmission

· FFS: common channels (e.g. random access)

· For slot-based scheduling, NR specification should support the following

· DL data reception in slot N and corresponding acknowledgment in slot N+K1

· All UEs should support K1≥1 with exact values for K1 FFS

· Some UEs may support K1=0 (FFS conditions)

· UL assignment in slot N and corresponding uplink data transmission in slot N+K2

· All UEs should support K2≥1 with exact values for K2 FFS

· Some UEs may support K2=0 (FFS conditions)

In this contribution, we provide our considerations on open issues regarding the NR scheduling procedure.
2 Discussion
Scheduling unit in NR 

The concepts of subframe, slot and mini-slot were proposed in RAN1#86. A slot can contain all downlink, all uplink, or at least one downlink part and one uplink part. A slot is one possible scheduling unit, while the mini-slot is the smallest possible scheduling unit. 
For slot based scheduling, it was agreed in RAN1#86bis that slot aggregation is supported and data transmission can be scheduled to span one or multiple slots. In our opinion, mini-slot should be used as the basic scheduling unit for all services, including URLLC, eMBB and mMTC. However, considering different performance requirements, such as latency, coverage, and energy saving, the scheduling time interval in NR system should be flexible. For instance, since KPIs for mMTC include low energy consumption and extended coverage, the air interface design for mMTC should have low power spectrum density for energy saving and a long TTI for coverage extension.  On the other hand, to satisfy the latency requirements of 0.5 ms end-to-end delay for URLLC, the TTI length should be extremely short (less than 0.1 ms). Figure 1 is an illustration of the mini-slot and a variable length TTI for an NR-TDD system. The scheduling transmission length could be one or more mini-slots within the downlink or uplink transmission part of the slot, and DL/UL transmission durations are dynamically allocated in each slot.  
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Figure 1:Mini-slot and variable TTI for NR scheduling
Proposal 1:  The mini-slot is the minimum scheduling unit in NR.

Proposal 2: Data transmission can be scheduled to span one or multiple mini-slots.
DL control channel for NR scheduling

For NR scheduling, DCI can be located in the control region for every scheduling unit. A UE may not know the control region when a variable length TTI is scheduled. Hence, the UE should monitor for DCI in every mini-slot. In LTE, blind decoding (BD) is used when monitoring for PDCCHs. However, the large number of BD operations complicates UE processing and increases the UE power consumption. To address these limitations, the DL control region (search space) can be located at the beginning of each packet or in preconfigured DL control regions in a slot(more details can be found in [2]). With this method, scheduling to enable multiplexing URLLC and eMBB traffic within a slot can be supported.  For delay insensitive traffic, a long TTI can be formed by aggregating multiple mini-slots, providing a large coding gain.
Proposal 3:  Minimizing the number of blind decodes should be a target for ND DL control channel design.

UL scheduling processing time
The UL scheduling processing time depends on many factors, such as the slot length, UL grant detection time, TBS size, resource allocation size, rank, UL data encoding method etc. In LTE, the minimum processing time for a 1ms subframe is 3 subframes, which means that for an UL assignment in subframe n, the earliest time to transmit the corresponding uplink data is in subframe n+4. In NR, UEs may have enhanced processing capability, and the processing time should be less or at least equal to LTE. In case the slot length is 1ms and a similar scheduling method as LTE is used in UL scheduling in NR, K2 can be larger than or equal to 4 as a starting point for all UEs. For URLLC UEs, where the latency requirement is critical, a self-contained structure can be considered resulting in K2 = 0.
Proposal 4:  UL assignment in slot N and corresponding uplink data transmission in slot N+K2
· As a starting point, all UEs should support K2≥4
· URLLC UEs support K2=0
UL scheduling for self-contained structure
For UL scheduling in NR, fast scheduling should be considered for a self-contained structure, which is beneficial for services requiring low latency and reliability, e.g. URLLC. In the self-contained structure, UL data transmission commences shortly after reception of the UL grant. 
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Figure 1: NR scheduling for self-contained structure
Grant-free based UL scheduling
In RAN1#86, it was agreed that grant-free transmission should be considered for UL mMTC and URLLC traffic. Hence, there are two scheduling options that can be considered for NR UL scheduling:

· Option 1: Scheduling request based
For scheduling request based scheduling, UE only transmits after receiving the UL grant send by gNB. Hence, no conflict exists between different UEs.
· Option 2: Grant-free based

For grant-free scheduling, UE can execute data transmission immediately after the data arrives without waiting for the gNB to send any UL grant. Hence, the latency is reduced since the time for sending scheduling request and waiting for UL grant transmission is eliminated. In addition, signaling overhead is also reduced. To support grant-free transmission, details should be considered for issues such as potential collision, collision detection and retransmission. More details for UL grant-free scheduling method can be found in [3]. 
3 Conclusion
In this contribution, we discuss the NR scheduling procedure and the following proposals are given:
Proposal 1:  The mini-slot is the minimum scheduling unit in NR.

Proposal 2: Data transmission can be scheduled to span one or multiple mini-slots.
Proposal 3:  Minimizing the number of blind decodes should be a target for ND DL control channel design.
Proposal 4:  UL assignment in slot N and corresponding uplink data transmission in slot N+K2
· As a starting point, all UEs should support K2≥4
· URLLC UEs support K2=0
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