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1. Introduction

In the RAN#90 meeting, new Rel-15 work item of MTC enhancement was agreed [1]. According to the WID, the objective on scheduling of multiple DL/UL transport blocks is as follows:
	Scheduling enhancement:

· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast
· Enhancement of SPS can be discussed.


In this contribution, we discuss and provide our view on scheduling of multiple DL/UL transport blocks for MTC.
2. Discussions
Usage and purpose of SC-PTM and unicast are quite different to each other. The SC-PTM is used for multicast which performs in IDLE mode. Thus, it does not require HARQ ACK feedback which is a major characteristic of the unicast which performs in connected mode only. Thus these two features could be discussed separately to take a look into the major issues of the multiple DL/UL transport blocks scheduling.
SC-PTM
In MTC, SC-PTM can be used for multicast. It can be used for various types of service. In some SC-PTM applications, data traffic to be transmitted by multicast channel may exceed the maximum TBS which can be used for SC-MTCH transmission (e.g. firmware update). Also, SC-PTM can be used for periodic data which may have stable traffic pattern (e.g. billboard). In these cases, eNB can expect the required traffic pattern to be transmitted. Thus, instead of transmitting DCI for every SC-MCCH or SC-MTCH transmission, configure pre-defined transmission pattern for multicast purpose would be beneficial in some scenario. Especially, at least multiple transmission block based SC-MTCH operation should be considered. 

Two different approaches could be considered for multiple transport blocks based SC-MTCH. First, scheduling multiple SC-MTCH by using single DCI could be considered. To schedule multiple transport blocks, scheduling information can be conveyed by DCI with G-RNTI, or preconfigured relationship between SC-MTCH transport blocks could be configured by higher layer beforehand. In this method, eNB could save resource overhead due to the DCI transmission. 

In another way, reusing current SC-MTCH transmission structure could be considered. In this approach, each SC-MTCH is scheduled by associated DCI. Instead, if multiple transport blocks capable UEs obtain DL grant for SC-MTCH, it can skip following search spaces but can expect SC-MTCH transmission if the first scheduling information would not be changed. Although this kind of approach would not save overhead in eNB point of view, SC-MTCH transmission would be easily shared with legacy SC-PTM capable UEs by configuring same G-RNTI. 
Proposal 1: : For SC-PTM, support scheduling multiple DL transport blocks via single DCI at least for SC-MTCH in IDLE mode.
Unicast
In unicast, multiple HARQ process triggered by single DCI could be considered. To simplify the standardization effort, reusing basic features of legacy HARQ process could be considered, such as TBS and timing relationship between channels. However some features need to be redesigned to take advantage of scheduling capability of single DCI. One of the major differences from the legacy HARQ process could be a method of HARQ-ACK reporting. If multiple HARQ process is scheduled by single DCI, UE could notice exact number of HARQ process at once. So, transmitting multiple HARQ-ACK feedback using single HARQ-ACK channel can be work in this method. HARQ-ACK bundling or HARQ-ACK multiplexing could be considered. UE in deep coverage may require HARQ-ACK bundling to reduce the latency due to the HARQ-ACK reporting. On the other hand, HARQ-ACK multiplexing would be more beneficial in case of UE in normal coverage level. It seems reasonable to support at least one of these HARQ-ACK methods to enhance the efficiency of multiple HARQ process with single DCI. Of course legacy HARQ-ACK feedback method, using individual HARQ-ACK channels, should be discussed together. Efficiency of HARQ-ACK method may highly depends on multiple HARQ process procedure with single DCI which will be discussed in this release. 

Currently, MTC UE can perform early termination of PUSCH by monitoring DCI. Thus it is very natural introducing features of early termination of PUSCH for the multiple transport blocks scheduling via single DCI. Also, as we discussed in our companion paper, early termination of DL data channel may have benefits in terms of latency. Details should be discussed further. 
Proposal 2: Efficient HARQ-ACK feedback mechanisms (e.g. HARQ-ACK bundling and/or multiplexing) corresponding to multiple transport blocks scheduled via single DCI needs to be introduced for unicast channels .

Interlaced transmission
In MTC, subframe level repetition can be scheduled to extend coverage level. If the repetition level is long enough, time diversity gain can be achieved. To enhance the time diversity gain in multiple transport block transmission, interlaced transmission of transport blocks could be considered. Also, this kind of interlaced pattern would be more suitable for early termination process. For example, if UE could succeed decoding of whole HARQ-process, early HARQ-ACK feedback could be used to reduce the latency for the next DCI grant. Figure 1 shows an example of multiple transport block transmission patterns.
Proposal 3: Efficient transmission patterns in terms of detection performance, power saving, and resource utilization for multiple transport blocks scheduled via single DCI should be introduced.

[image: image1.emf]TB 2 TB 1

time

Channel

TB 2 TB 1

Interlaced TB 

scheduling


Figure 1  Example of interlaced transmission pattern
3. Conclusion
In this contribution, we discuss and provide our view on the multiple transport blocks scheduling for MTC. The proposals of this contribution are summarized as follows.
Proposal 1: : For SC-PTM, support scheduling multiple DL transport blocks via single DCI at least for SC-MTCH in IDLE mode.
Proposal 2: Efficient HARQ-ACK feedback mechanisms (e.g. HARQ-ACK bundling and/or multiplexing) corresponding to multiple transport blocks scheduled via single DCI needs to be introduced for unicast channels .

Proposal 3: Efficient transmission patterns in terms of detection performance, power saving, and resource utilization for multiple transport blocks scheduled via single DCI should be introduced.
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