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1. Introduction
In this paper, we revisit the LTE scheduler operation and discuss some characteristics of NR scheduler exploring the commonality and differences between scheduling operations in LTE and NR.
2. Discussion
2.1 Scheduling in LTE
In LTE, in order to utilise the DL-SCH and UL-SCH resources efficiently, a scheduling function is used in MAC. Both UL and DL scheduler runs at the eNB. The scheduler makes resource allocation decision based on various information obtained from the UE, such as BSR, PHR, CQI feedback etc. as well as based on QoS requirements.
Scheduler operation:

-
MAC in eNB includes dynamic resource schedulers that allocate physical layer resources for the DL-SCH and UL-SCH transport channels. Different schedulers operate for the DL-SCH and UL-SCH.

-
For Uplink, schedulers assign resources between UEs taking into account 
· the scheduling requests from the UE or the traffic volume as reported by BSR, 
· the QoS requirements of each UE and associated radio bearers, 
· the radio conditions estimated by eNB based on UE’s SRS transmissions
· PHR reported by the UE
The assignment of scheduled resources between different radio bearers associated with a single UE is determined by LCP function at the UE.
- 
For Downlink, schedulers assign resources between UEs and between different radio bearers associated with a single UE taking into account 
· the traffic volume available for each UE and associated radio bearers, 

· the QoS requirements of each UE and associated radio bearers,
· the radio conditions reported by the UE through CQI feedback. 

· Radio resource allocations can be valid for one or multiple TTIs. Allocations for time periods longer than one TTI are supported by means of 

· SPS

· TTI bundling

-
Resource assignment consists of radio resources (resource blocks). 

Signalling of scheduler decisions:

-
UEs identify whether resources are assigned to them (for both DL and UL) by receiving 
· DCI on PDCCH for dynamic grants

· RRC configuration for SPS grants (where activation/reactivation/deactivation of SPS is done by DCI).
UE feedback to support scheduler operation:

-
Schedulers assign resources between UEs taking into account 
· for UL, the traffic volume as reported by BSR using MAC CE, 

· for UL, PHR reported by the UE,
· for both DL and UL, the radio conditions at the UE reported through CQI feedback for DL and SRS measurements for UL.
2.2 Scheduling in NR

While most of the basic principles of LTE scheduling described above may be applicable to NR in general, there may be some specific differences. NR needs to support various types of services with vastly different QoS requirements. Additionally, NR will support DL and UL transmissions on different numerologies. 
Observation 1: NR scheduling mechanism can be in general based on LTE scheduling mechanism.

Proposal 1. LTE scheduling mechanism is baseline for NR scheduler operation.

RAN1 has already agreed to support DCI-based dynamic scheduling (signalled over PDCCH). To reduce the signalling overhead for scheduling resources to UEs with predictable traffic patterns, it is reasonable to support a semi-persistent scheduling mechanism similar to LTE. In addition, RAN1 is also considering grant-less UL transmission in NR. Exact stage-3 details of how to start or end such predefined scheduling can be discussed in WI phase.

Proposal 2. In addition to dynamic scheduling, NR supports preconfigured scheduling method(s) (e.g. SPS, grant-less UL transmission). Exact details are FFS. 

One of the aspects of NR is that it will support transmissions on different numerologies. It would be beneficial for the UE to be able to “switch” between different numerologies. This enables simultaneously supporting different services with vastly different QoS requirements. The switching can be frequent/dynamic based on signalling using DCI, or semi-static using RRC configuration.

Proposal 3. Scheduling function supports dynamic and semi-static switching between resources corresponding to different numerologies for a UE.  

Similar to LTE, the NR scheduler also requires measurement reports from the UE to enable the scheduler to operate in both uplink and downlink. These include data volume, power head room, and measurements of a UEs’ radio environment. 

Uplink buffer status reports are needed to provide support for QoS-aware packet scheduling. Uplink buffer status reports refer to the data that is buffered in the logical channel queues in the UE MAC. As NR is expected to support wide range of services with higher granularity of QoS requirements, it is essential to have efficient and more effective buffer status reporting. A way to separately signal buffer status reports for different QoS classes may be used. The exact content of buffer status reports and the possible enhancements are FFS. Similar to LTE, constraints on how often uplink buffer reports are signalled from the UEs can be specified by the network to limit the overhead from sending the reports in the uplink. The issue of BSR enhancements are discussed in separate contribution [1].
Proposal 4. Enhancements to buffer status reporting will be considered. The exact content of BSR and the possible enhancements are FFS.
3. Summary

Based on the discussion above, we propose the following:

Proposal 1.
LTE scheduling mechanism is baseline for NR scheduler operation.
Proposal 2.
In addition to dynamic scheduling, NR supports preconfigured scheduling method(s) (e.g. SPS, grant-less UL transmission). Exact details are FFS.
Proposal 3.
Scheduling function supports dynamic and semi-static switching between resources corresponding to different numerologies for a UE.
Proposal 4.
Enhancements to buffer status reporting will be considered. The exact content of BSR and the possible enhancements are FFS.
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