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Introduction
In RAN#80 meeting, a new work item (WI) on Rel-16 MTC enhancements was approved [1]. One objective of the WI is scheduling enhancement. In particular:
· 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 RAN1#94bis meeting, the following agreements were made regarding scheduling of multiple DL/UL transport blocks [2]:
	Agreement
Confirm the working assumption that
· For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 
Agreement
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for UL.
For CE mode A, the maximum number of scheduled transport blocks with one single DCI is [8] for CE mode A for DL.
Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode A for either UL or DL is fixed to [8]
Working Assumption
For CE mode B, the maximum number of scheduled transport blocks with one single DCI is 4 in the UL, and 4 for the DL.
Agreement
The maximum number of scheduled transport blocks with one single DCI for CE mode B for either UL or DL is fixed to 4 (working assumption)
For further study until next meeting:
How to efficiently handle retransmissions when scheduling multiple DL/UL transport blocks.
Agreement
The UE should only monitor one DCI size in the UE specific search space
For further consideration:
Optimization of the DCI size and the impact of aspects including number of transport blocks, scheduling pattern (interleaving and scheduling gap), resource assignment, modulation and coding scheme, retransmissions.
Agreement
Using one DCI to schedule multiple TBs for SC-MTCH is supported, and it is configured and enabled per SC-MTCH via SC-PTM configuration message in SC-MCCH. FFS the maximum number of TBs can be scheduled by one DCI.
Agreement
For CE mode A, HARQ ACK/NACK feedback bundling or multiplexing on PUCCH can be enabled or disabled by [RRC and/or DCI], when multiple DL transport blocks are assigned by a single DCI. If the network does not enable it, each TB has its own separately encoded HARQ ACK/NACK feedback, i.e., no HARQ ACK/NACK feedback bundling or multiplexing. 
· RAN1 further compare the performance between HARQ ACK/NACK feedback bundling and multiplexing and down-select between the two options. 
For CE mode B, further study if there is a benefit for HARQ ACK/NACK feedback bundling or multiplexing on PUCCH. If there is a benefit identified, same configuration principle as CE mode A can be applied, i.e., this feature can be enabled or disabled by [RRC and/or DCI].


In this contribution, we present our views on support of scheduling of multiple DL/UL transport blocks in eMTC deployments.

DCI Considerations
Once UE configured with scheduling of multiple DL/UL TBs for data transmission, it monitors corresponding DCI in the UE specific search space. Scheduling of multiple DL/UL TBs requires additional transmission parameters, therefore, a new DCI format of a larger size seems to be needed.

Proposal 1:
Introduce a new DCI format for scheduling of multiple DL/UL TBs.
· The UE configured for scheduling of multiple DL/UL TBs monitors for the new DCI.

It was agreed in RAN1#94 that ‘the number of scheduled transport blocks (>= 1) should be dynamically selected via DCI’. Therefore, it’s proposed to include the number of scheduled TBs in the DCI. It is also beneficial to schedule simultaneously new TBs and retransmissions of previous TBs. Taking into account that each TB may ‘has its own separately encoded HARQ ACK/NACK feedback’, an NDI bitmap of the length equal to the max number of scheduled TBs (i.e., 1 bit per TB) is required in the new DCI. In the UL grant, this NDI bitmap can be also used for implicit HARQ ACK/NAK indication.

Proposal 2:
The number of scheduled TBs is included in the new DCI.
The NDI bitmap is included in the new DCI.
· The size of the NDI bitmap is equal to the max number of scheduled TBs with one DCI

In order to do only a minimal necessary number of changes in the specifications and keep the new DCI size as minimal as possible it’s proposed to reuse all the rest parameters from the legacy DCI. This implies the same resource allocation, repetition number, MCS and RV for all scheduled TBs. The HARQ Process ID (PID) field is reinterpreted as the HARQ PID for the first subframe, and the subsequent subframes have consecutive HARQ PIDs similar as in multi-subframe scheduling concept from LAA.

Proposal 3:
In the design of the new DCI scheduling multiple TBs, reuse the rest of parameters from the legacy DCI.

Simultaneous Scheduling of UL and DL Blocks
In the last meeting, scheduling of UL and DL blocks simultaneously was also considered as an enhancement for special scenarios. In particular, the VoLTE use case was proposed as a candidate scenario [3]. However, for VoLTE with quite periodic traffic of packets with fixed sizes the SPS is already well defined for LTE eMTC. The main motivation for additional enhancement here is to avoid one MPDCCH transmission out of two transmissions triggering DL and UL SPS. However, the DCI parameters corresponding to DL and UL TBs may be different, e.g., resource assignment and/or number of repetitions, due to different conditions of DL and UL signal propagation. This eventually results in a large size of the new DCI for multi-TB scheduling. The increase in DCI size to just to enable simultaneous DL and UL blocks within a single DCI would contradict to the selected approach of minimal changes in the new DCI format. Of course, some the parameters may be preconfigured to the UE via RRC and just selected dynamically by DCI. However, this approach is considered as a minor optimization and needs further study. Based on that reasoning, the following agreement is proposed:

Proposal 4:
Further study is needed for simultaneous scheduling of UL and DL blocks within a single DCI.

Conclusions
In this contribution, we presented our views on support of scheduling of multiple DL/UL transport blocks in eMTC deployments. Based on the discussions, we make the following proposals:

Proposal 1:
Introduce a new DCI format for scheduling of multiple DL/UL TBs.
· The UE configured for scheduling of multiple DL/UL TBs monitors for the new DCI.

Proposal 2:
The number of scheduled TBs is included in the new DCI.
The NDI bitmap is included in the new DCI.
· The size of the NDI bitmap is equal to the max number of scheduled TBs with one DCI

Proposal 3:
In the design of the new DCI scheduling multiple TBs, reuse the rest of parameters from the legacy DCI.

Proposal 4:
Further study is needed for simultaneous scheduling of UL and DL blocks within a single DCI.
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