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Discussion and decision
1 Introduction
The Rel 16 work-items for eMTC [1] and NB-IoT [2] enhancements include the following objective:
Scheduling enhancement:

· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]

· Enhancement of SPS can be discussed.

In this contribution, we present our initial views on how to achieve power/spectral efficiency gains by scheduling enhancements.

2 Use cases
The main advantage of scheduling multiple UL/DL transport blocks with a single or no DCI resides mainly in the reduced overhead of (N/)PDCCH, releasing subframes to be used for downlink data that would have otherwise been used for control and also reduced power consumption. In the following, we present the main use cases proposed to be considered during this work item.
IoT applications using eMTC/NB-IoT typically have small amounts of data to transfer during each RRC connection and the volume of data to transfer is quite well known. Therefore, the use cases considered are those that are more suited for this kind of application. Other factors to consider is the efficiency of utilizing the mechanism.
2.1 Multiple DL TBs

A first use case for scheduling for reducing control overhead is scheduling of multiple TBs in DL, as shown in Figure 1. A single (N)PDCCH can schedule multiple TBs, reducing the control overhead of (N)PDCCH.
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Figure 1 Example of scheduling multiple TBs in DL

The main use case of scheduling multiple DL TBs is to empty the DL data buffer in the most efficient way possible (i.e., by minimizing the control overhead). Unlike with SPS, there is no RRC overhead for configuring this and allocation for multiple TBs is entirely (N)PDCCH control hence very dynamic. 
Note for unicast the number of downlink TBs that can be scheduled with one DCI depends on the number of HARQ processes supported by UE.
2.2 Multiple UL TBs

Similar to the case of multiple DL TBSs, scheduling of multiple UL TBSs from a single (N)PDCCH reduces the (N)PDCCH overhead and can help increase uplink throughput. An example of this sort of operation in shown in Figure 2
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Figure 2 Example of scheduling multiple TBs in UL

The main use case for this technique is when the UE has a large number of bits in its buffer and is not able to transmit all of it in a single uplink TBS.

Note for unicast the maximum number of uplink TBs that can be scheduled with one DCI depends on the number of HARQ processes supported by UE.
2.3 Multiple SC-PTM TBs

The main use case for SC-PTM is to provide software/firmware update to a group of UEs. In general, it should be possible for the eNB/network to know the size of the file to be downloaded, thus enabling a-priori scheduling of the data with reduced control information.
One of the possible solutions is to allow SIB and/or SC-MCCH to schedule directly the (N)PDSCH corresponding to SC-MCCH/SC-MTCH. Another alternative is to follow a similar approach as the case of DL unicast scheduling, i.e., allow for (N)PDCCH to schedule multiple (N)PDSCH. Figure 3 depicts these two alternatives of operation. Note that, unlike unicast NPDSCH, SC-PTM does not require HARQ-ACK transmission.
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Figure 3 Examples for optimized scheduling in SC-PTM

Table 1 summarizes the different use cases and necessary techniques to enable them.

Table 1 Summary of use cases

	
	Use Case

	
	Multiple DL TBS
	Multiple UL TBS
	SC-PTM

	Target
	Increase DL throughput.
Reduced (N)PDCCH usage.

Reduced power consumption.

Increased downlink capacity.
	Increase UL throughput
Reduced (N)PDCCH usage.

Reduced power consumption.

Increased downlink capacity.
	Increase DL throughput
Reduced (N)PDCCH usage.

Reduced power consumption.

Increased downlink capacity.

	Technique
	(N)PDCCH ( Multiple (N)PDSCH
	(N)PDCCH ( Multiple (N)PUSCH
	SIB ( Multiple (N)PDSCH or (N)PDCCH ( Multiple (N)PDSCH

	Knowledge required at eNB 
	Amount of data available at the time resources to be allocated determines how many blocks to allocate.
	Amount of data available at the time resources to be granted determines how many blocks to allocate. eNB determines this by considering UE reported buffer status and how much data already received by the eNB since the buffer status was received.
	Amount of data available at the time resources to be allocated determines how many blocks to allocate.


Other benefits of multiple TBs allocation & grant are reduced (N)PDCCH usage and reduced power consumption.

Proposal 1: Define scheduling enhancements for multiple DL TBS from a single DCI.
Proposal 2: Define scheduling enhancements for multiple UL TBS from a single DCI.

Proposal 3: Define scheduling enhancements for multiple SC-PTM DL TBS from single DCI/SIB.

2.4 SPS for NB-IoT

SPS has been discussed during Release 15 work-item but it was decided not to proceed for unicast messages. SPS scheduling is well suited for applications that have periodic transmissions (e.g. a packet every 40ms) and duration of connected state is undefined (e.g. voice call). For this kind of use case (N)PDCCH usage is minimized but PDSCH/PUSCH utilization is not necessarily optimized (i.e. a UE with SPS may omit transmission on PUSCH because it does not have anything to send but eNB cannot utilize this for other UEs). SPS is not a very dynamic mechanism (requires RRC signaling) hence not suited for small data transfers. Furthermore, SPS is suited for higher priority applications (e.g. voice/video) instead of high latency applications (e.g. IoT). Even for software download multiblock downlink scheduling is much more dynamic and lower overhead than SPS.
Observation: SPS suited for high priority application with indeterminate duration but periodic communication.

Proposal 4: SPS not considered for NB-IoT in Release 16.

Summary

This document considers downlink/uplink scheduling enhancements to increase data rate, reduce control channel usage, reduce power consumption and optimise bandwidth usage.  
Proposal 1: Define scheduling enhancements for multiple DL TBS from a single DCI.

Proposal 2: Define scheduling enhancements for multiple UL TBS from a single DCI.

Proposal 3: Define scheduling enhancements for multiple SC-PTM DL TBS from single DCI/SIB.

Observation: SPS suited for high priority application with indeterminate duration but periodic communication.
Proposal 4: SPS not considered for NB-IoT in Release 16.
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