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1 Introduction
In RAN#80, a new work item on NB-IoT enhancements was approved (RP-181451) with 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 on the reduced overhead of NPDCCH, releasing subframes to be used for data that would have otherwise been used for control.
In the following, we present the main use cases we propose to be studied during this work item.

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 NPDCCH can schedule multiple TBs, reducing the control overhead of NPDCCH.
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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). 
Multiple UL TBs

Similar to the case of multiple DL TBSs, scheduling of multiple UL TBSs from a single NPDCCH reduces the NPDCCH 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 NPUSCH.
Multiple SC-PTM TBs

The main use case for SC-PTM is to provide software/firmware update go 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 may schedule directly the NPDSCH 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 NPDCCH scheduling multiple NPDSCH. In Figure 3 we depict 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

	
	Multiple DL TBS
	Multiple UL TBS
	SC-PTM

	Target
	Increase DL throughput
	Increase UL throughput
	Increase DL throughput

	Technique
	NPDCCH ( Multiple NPDSCH
	NPDCCH ( Multiple NPUSCH
	SIB ( Multiple NPDSCH or NPDCCH ( Multiple NPDSCH

	Knowledge at eNB needed to enable this technique
	Size of DL data to be sent
	Buffer status report from UE
	Size of software/SC-PTM info to be downloaded.


Proposal 1: Define scheduling enhancements for the following cases:

- Multiple DL TBS from single NPDCCH.


- Multiple UL TBS from single NPDCCH.


- Multiple SC-PTM DL TBS from single NPDCCH/no NPDCCH.

3 Techniques to study
Introduction of HARQ bundling

For the case of “multiple DL TBs” the UE must send HARQ-ACK in the uplink after receiving the series of two TBs. Since the number of TBs for NB-IoT is limited by the number of HARQ processes (2), it is unclear if there would be any substantial gain related to HARQ-ACK bundling (i.e., transmitting a single HARQ-ACK instead of two).)
Proposal 2: Study introduction of HARQ-ACK bundling for the use case of “Multiple DL TBS from single NPDCCH” with HARQ bundling.
TB interlacing
In the previous examples (e.g. Figures 1-3), the transmission of TBs is depicted as “consecutive”, i.e., the transmission of TB_2 is after TB_1 was completed, and so on. This scheme, however, may not be optimal in terms of performance (e.g. due to time diversity). In Figure 5 we show the difference between consecutive and interlaced PUSCH transmission.
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Figure 4 Consecutive (Alt1) vs interlaced (Alt2) NPUSCH transmission.
In our companion contribution [1] we evaluated the gains of interlacing multiple transport blocks in eMTC. Similar gains should be observed in NB-IoT case (despite having a reduced number of HARQ processes).
Observation 1: Interlacing multiple transport blocks (in DL or UL) with multiple HARQ processes provides gain due to time diversity.
Proposal 3: Study the interlacing of TBs to achieve time diversity.
Aspects of NPDCCH/DCI design

For the introduction of the four use cases mentioned above, it is expected that changes to DCI are needed. These changes, however, should not increase the UE complexity in terms of NPDCCH blind decodes, given that NPDCCH decoding is one of the factors that drives the complexity envelope of the UE. 
Proposal 4: The introduction of scheduling enhancements shall not increase the UE complexity in terms of NPDCCH blind decodes.

One of the main advantages introduced by the use cases mentioned in Section 1 is that the NPDCCH overhead is reduced. Introducing many new DCI fields, however, would increase the number of repetitions needed to reliably decode the control channel. Therefore, it is desirable to study what parameters can be common across multiple TBs to reduce the DCI size. 
Proposal 5: Study what parameters can be common across multiple TBs to reduce DCI size.

4 Summary

In this contribution we presented our initial views on scheduling of multiple UL-DL transport blocks. The following observations and proposals are made:
Proposal 1: Define scheduling enhancements for the following cases:


- Multiple DL TBS from single NPDCCH.


- Multiple UL TBS from single NPDCCH.


- Multiple SC-PTM DL TBS from single NPDCCH/no NPDCCH.

Proposal 2: Study introduction of HARQ-ACK bundling for the use case of “Multiple DL TBS from single NPDCCH” with HARQ bundling.

Observation 1: Interlacing multiple transport blocks (in DL or UL) with multiple HARQ processes provides gain due to time diversity.

Proposal 3: Study the interlacing of TBs to achieve time diversity.

Proposal 4: The introduction of scheduling enhancements shall not increase the UE complexity in terms of NPDCCH blind decodes.

Proposal 5: Study what parameters can be common across multiple TBs to reduce DCI size.
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