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Discussion and Decision
1 Introduction

In Rel-16 WID, it was agreed to specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast. This can include enhancements to SPS. In RAN1#94bis, it was agreed –

· 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.
· 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.
· 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.
· 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)
· The UE should only monitor one DCI size in the UE specific search space.

· 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.
· 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 discuss issues related to scheduling of multiple transport blocks.
2 Scheduling of Multiple Transport Blocks
2.1 Maximum Number of Transport Blocks 
In RAN1#94bis, it was agreed that, for unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. For CE Mode A, it has been agreed that the maximum number of scheduled transport blocks with one single DCI for either UL or DL is fixed. The number 8 has been suggested (i.e. in bracket) which corresponds to the maximum number of HARQ processes in FDD.
Although 8 is a natural choice, some companies were concerned that this might be too much. If all 8 processes were used in the first transmission, all HARQ processes would be occupied which would prevent eNB from scheduling additional packets to the UE until the pending HARQ processes are finished. This might be needed, e.g. if higher priority data has arrived. However, MTC traffic is typically delay tolerant and therefore the need to transmit data out of sequence is not expected. In addition, it is up to eNB control how many transport blocks to schedule. 

The maximum number of transport blocks that can be scheduled by DCI may be up to the maximum number or could be smaller (e.g. configured via RRC). Here, DCI design and size must be taken into consideration. DCI design is considered in Section 2.3 and it is seen that there is only a small difference in DCI size for supporting 8 or smaller number such as 2 or 4. This motivates supporting the larger value possible to reduce DCI overhead and improve throughput. 

Proposal 1: The maximum number of scheduled transport blocks with one single DCI for CE mode A for either UL or DL is fixed to 8. 
For CE Mode B, a similar agreement has been made but with the working assumption that the maximum number of transport blocks that can be scheduled is 4. This means that 4 HARQ processes should be supported, even though only 2 HARQ processes are currently supported in CE Mode B. From a UE capability point of view, there is no problem for the UE to support 4 HARQ processes in CE Mode B as UE needs to support 8 HARQ processes in CE Mode A. Therefore, there is no impact to UE hardware nor buffer management software. However, this will increase the DCI size, which is very important. However, considering the benefits from reducing DCI overhead (i.e. eNB can send 4 transport blocks using 1 DCI instead of 2) and improved throughput, it is reasonable to allow for a small increase in DCI size to support this. Therefore, it is proposed to confirm the working assumption from RAN1#94bis.
Proposal 2: Confirm the working assumption that the maximum number of scheduled transport blocks with one single DCI for CE mode B for either UL or DL is fixed to 4. 

2.2 Transport Block Interleaving 
An example of scheduling multiple transport blocks is shown in Figure 1. Here, one DCI is used to schedule four different transport blocks in the uplink, corresponding to four different HARQ processes. A similar figure can be drawn for the downlink. Note that, in this case the four transport blocks are transmitted consecutively without any gap in between, which is similar to legacy scheduling using multiple uplink grants.
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Figure 1. Example of scheduling multiple transport blocks.
One potential way to improve performance of the transmission is to use interleaved or interlaced transmissions as shown in Figure 2. In this example, multiple segments (each segment may be a subframe or group of subframes based on cyclic repetition in eMTC) of each transport block are interlaced together. This provides additional time diversity and can improve link performance by 1-3 dB, depending on the target BLER and propagation channel. For stationary UEs, this can provide a large performance gain. Note that this method can provide additional improvement on top of other diversity techniques such as frequency hopping and transmit diversity.
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Figure 2. Example of scheduling multiple transport blocks with interleaved transmission.
For eMTC, multiple HARQ processes are naturally supported and there would not be additional burden to the UE to support interleaved transmission. Enhancements such as multi-subframe channel estimation and symbol-level combining can still be support. Therefore, it is proposed to support interleaved transmissions of multiple transport blocks to improve performance.

Proposal 3: Support interleaved transmission of multiple transport blocks to improve performance.
2.3 Unicast DCI Design

In RAN1#94bis, it was agreed that the UE should only monitor one DCI size in the UE specific search space. In addition, it was agreed in RAN1#94 that the number of TBs will be dynamically indicated in the DCI. Generally, DCI design should try to minimize the size as otherwise we would lose a lot of the benefits from one DCI scheduling multiple transport blocks. Therefore we should allow too much flexibility in the DCI. Also, it should be noted that this DCI format will also be used to schedule only 1 transport block, and therefore overhead is very important.

With respect to the scheduled transport blocks, several options can be considered –

· Each transport block is individually indicated in the DCI, which would allow different TBS, MCS, and resource allocation to be supported. It is not clear, however, why eNB would schedule two different MCS levels for the transport blocks as eNB would not have additional channel state information. Although it may be beneficial for eNB to indicate different time-frequency resources for the two transport blocks, doing so would add a lot of overhead into the DCI, which would minimize the benefit of this feature. 

· All transport block share the same TBS, MCS, and resource allocation. This reduces flexibility but minimizes changes to DCI size and keeps DCI design simple. This reduction in flexibility might not be harmful since the eNB might not have additional information to take advantage of this scheduling flexibility. 

· The TBS of the second transport block is different but can be derived from the first transport block. For instance, only a limited set of TBS values may be supported for the first transport block (say only larger TBS values are supported since this feature may be used when UE/eNB has a large packet). Then the TBS of the second transport block can be derived from the first transport block. For example, if the UE has a 3000 bits to send, it may send 2536 bits in the first transport block and 504 bits in the second transport block.

Given the above options, we prefer that all transport blocks share the same TBS, MCS, resource allocation, and number of repetitions. This keeps DCI design simple without losing too much in flexibility. In addition, for the DL, the same PMI, procoding information, and DM-RS scrambling values are used for all transport blocks.
Proposal 4: The same MCS, resource allocation, number of repetitions, PMI, precoding information, and DM-RS scrambling values are used for all transport blocks.
For the number of scheduled transport block and associated HARQ processes, the most flexible way is to introduce a bitmap (e.g. 00010101 would indicate 4 packets being scheduled with associated HARQ process 3, 5, and 7). However, this might be too much and some simplification can be made (e.g. allow scheduling of only 1, 2, 4, or 8 blocks) where each may be mapped to implicit HARQ process numbers. Further discussion is needed.
Proposal 5: Consider joint encoding of number of transport blocks and HARQ process numbers to reduce DCI overhead.
Another area is whether the DCI can indicate only initial transmission, only retransmission, or both. For example, this can be done by increasing the NDI field to 8 bits for CE Mode A and 2 bits for CE Mode B. Alternately, if DCI is simplified to scheduling group of blocks, then the NDI can be associated with a group of blocks.
Proposal 6: The DCI can indicate either initial or retransmission for the scheduled transport blocks.
2.4 Transmission in Preconfigured Uplink Resource
In addition, in Rel-16 it has been agreed to specify support for uplink transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance. In this case, it would be beneficial to support also transmission of multiple transport blocks using this mode of operation. Therefore, it should be possible to also configure this feature via higher-layer configuration. Note that high-layer configuration includes both RRC configuration as well as via SI (for idle mode grant-free transmission).
Proposal 7: Scheduling of multiple transport blocks is also supported for uplink transmission in preconfigured resources.
As noted in [2], supporting an IDLE mode method of grant free transmissions would reduce the number of RRC contexts that the network would need to support and minimize the amount of signaling (in ideal conditions) to successfully make grant free transmissions. Whilst there are potential benefits of a connected mode grant free transmission mode, given that we do not expect rapid in the resource needs of grant free transmissions due to low mobility of MTC devices in general, we see idle mode grant free transmission mode as the priority. Therefore, for UE in idle mode, this feature is configured and enabled via SI.
Proposal 8: For scheduling of multiple transport blocks in preconfigured resources, this feature is configured and enabled via SI for UE in idle mode and via RRC signalling for UE in connected mode.

2.5 HARQ Feedback
In RAN1#94bis, 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. Furthermore, RAN1 is to further compare the performance between HARQ ACK/NACK feedback bundling and multiplexing and down-select between the two options.
As agreed in RAN1#94bis, individual ACK/NACK is already supported but ACK/NACK bundling or multiplexing must be enabled. From a design perspective, ACK/NACK bundling is much simpler as the existing PUCCH design can be used. ACK/NACK multiplexing will require PUCCH changes and may be unnecessary since individual ACK/NACK is already supported. Therefore, it is proposed to support ACK/NACK bundling in addition to individual ACK/NACK.
Proposal 9: Bundled ACK/NACK can be optionally configured in CE Mode A. The timing of the ACK/NACK can be based on the transmission of the last packet in the bundle.
For CE mode B, it is further study if there is a benefit for HARQ ACK/NACK feedback bundling or multiplexing on PUCCH. Unlike in CE Mode A, Mode B transmissions can be very long and therefore there is a stronger chance that the errors would be uncorrelated and therefore bundling may not be beneficial. ACK/NACK multiplexing will require PUCCH changes and may be unnecessary since individual ACK/NACK is already supported. However, further study is needed before deciding on bundling for CE Mode B.
3 Conclusions

In this contribution, we consider scheduling multiple DL/UL transport blocks and make the following proposals –
Proposal 1: The maximum number of scheduled transport blocks with one single DCI for CE mode A for either UL or DL is fixed to 8.

Proposal 2: Confirm the working assumption that the maximum number of scheduled transport blocks with one single DCI for CE mode B for either UL or DL is fixed to 4. 

Proposal 3: Support interleaved transmission of multiple transport blocks to improve performance.
Proposal 4: The same MCS, resource allocation, number of repetitions, PMI, precoding information, and DM-RS scrambling values are used for all transport blocks.
Proposal 5: Consider joint encoding of number of transport blocks and HARQ process numbers to reduce DCI overhead.
Proposal 6: The DCI can indicate either initial or retransmission for the scheduled transport blocks.
Proposal 7: Scheduling of multiple transport blocks is also supported for uplink transmission in preconfigured resources.
Proposal 8: For scheduling of multiple transport blocks in preconfigured resources, this feature is configured and enabled via SI for UE in idle mode and via RRC signalling for UE in connected mode.

Proposal 9: Bundled ACK/NACK can be optionally configured in CE Mode A. The timing of the ACK/NACK can be based on the transmission of the last packet in the bundle.
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