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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A new WID on additional enhancements for eMTC was approved in RAN#80. The WID included the following objectives:
Scheduling enhancement:
· [bookmark: _Hlk516765510]Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.
This document considers some aspects related to the support of scheduling of multiple transport blocks, with a focus on the unicast case.
2. Discussion
The following discussion focusses on the downlink, but the discussion is generally also applicable to UL transmissions. 
In Rel-15, if the eNodeB had 8000 transport bits in its buffers for a Cat-M1 UE, it would have to schedule the UE 8 times, requiring 8 MPDCCH, 8 PDSCH and 8 PUCCH. Resource is wasted in the following areas:
· 8 MPDCCH are transmitted when the eNodeB has one block of [8000] bits to transmit. 7 of the MPDCCH are thus superfluous.
· 8 PUCCH are transmitted by the UE to acknowledge a single block of [8000] bits. 7 of the PUCCH are potentially superfluous.
· Every PDSCH has some overhead, e.g. CRC bits and tail bits. These overheads are small compared to the overall 1000 bit transport block size and can be ignored.
Hence it is desirable to be able use a single MPDCCH allocation to allocate multiple PDSCH transport blocks and for a single PUCCH to acknowledge the multiple PDSCH transport blocks.  
2.1 DCI allocation of multiple transport blocks
The DCI allocation of the multiple transport blocks needs to signal the following information to the UE:
· The number and TBS of the PDSCH transport blocks being allocated.
· The locations in time and frequency of the PDSCH transport blocks.
· The HARQ processes associated with the allocated PDSCH transport blocks.
· The PUCCH resources for acknowledging the PDSCH transport blocks.
Detailed design of the DCI for the support of multiple transport blocks can be undertaken towards the end of the work item. 
2.2 Multiplexing of multiple transport blocks in time
The most straightforward method of multiplexing multiple transport blocks in time is to complete the repetitions of an earlier transport block before those of a later transport block, as shown in Figure 1.
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[bookmark: _Ref521535365]Figure 1 – Transmission of PDSCH transport blocks in time order
An alternative is to time-interleave the transmission of the transport blocks, as shown in Figure 2. Time interleaving has the benefit of increasing time diversity. If time interleaving were supported, we assume that it would only be supported in the case of repetition (i.e. repetitions of the multiple transport blocks would be interleaved).
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[bookmark: _Ref521535370]Figure 2 – Transmission of PDSCH transport blocks in a time-diverse manner

Both the schemes shown in Figure 1 and Figure 2 allow for early termination of decoding. However the extra time diversity achieved through the use of time-interleaved transmission of the transport blocks should lead to better overall performance with this scheme.
Proposal 1: RAN1 considers time-interleaving of the transmission of the multiple transport blocks.
2.3 HARQ and PUCCH Feedback signalling
The multiple PDSCH transport blocks can either each occupy their own HARQ process or the set of multiple transport blocks can occupy a single HARQ process. The choice of which scheme to apply is related to the method of HARQ ACK / NACK feedback signaling over PUCCH.
Since HARQ ACK/NACK bundling is already supported in Release-14, there is likely to be less specification impact if the multiple PDSCH transport blocks each occupy their own HARQ process and there is a single bundled ACK / NACK for the set of PDSCH transport blocks. An alternative would be to employ a codebook based HARQ ACK / NACK feedback scheme, but this would be expected to require more specification effort.
When each PDSCH transport block occupies its own HARQ process, the numbering of the HARQ processes for each of the transport blocks needs to be defined. The straightforward approach is that consecutive HARQ processes are implicitly assigned in the DCI, i.e. the DCI would indicate a HARQ process ID for the first transport block and the HARQ process ID of each subsequent transport block would increase by unity. The HARQ ACK / NACK carried in the PUCCH would indicate a single bundled ACK / NACK status for the set of multiple PDSCH transport blocks.
Our preferred scheme for HARQ operation with multiple transport blocks is shown in Figure 3. The MPDCCH allocates multiple PDSCH transport blocks, where each PDSCH transport block is associated with a HARQ process ID. The ACK / NACK results from all of the HARQ processes are bundled and the bundled HARQ ACK / NACK response is transmitted on PUCCH. 
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[bookmark: _Ref521663122]Figure 3 – HARQ operation with multiple PDSCH transport blocks

Proposal 2: When multiple PDSCH transport blocks are assigned by a single MPDCCH, each PDSCH transport block is assigned to its own HARQ ID.
Proposal 3: Rel-14 HARQ ACK / NACK bundling is used for providing feedback on PUCCH when multiple PDSCH transport blocks are assigned by a single MPDCCH.  
3.   Summary of proposals
This contribution has considered the assignment of multiple PDSCH transport blocks by a single MPCCH and makes the following proposals:
Proposal 1: RAN1 considers time-interleaving of the transmission of the multiple transport blocks.
Proposal 2: When multiple PDSCH transport blocks are assigned by a single MPDCCH, each PDSCH transport block is assigned to its own HARQ ID.
Proposal 3: Rel-14 HARQ ACK / NACK bundling is used for providing feedback on PUCCH when multiple PDSCH transport blocks are assigned by a single MPDCCH.  
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