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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. In RAN1#96, it was agreed –

· Support option 3 from below

· For the case of single DCI scheduling multiple transport blocks with repetitions, scheduling of transport blocks repetitions is down selected between:

· Option 1: All the repetitions for one transport block are contiguously scheduled in valid UL/DL subframes

· Option 2: The repetitions for one transport block are interleaved with repetitions of all the other transport blocks

· Option 3: Option 1 and 2 are supported and eNB configures among them

· Above applies for unicast only.
· For the DL/UL unicast for a UE, when multiple TBs are scheduled by one DCI, the parameter values for {MCS, Resource assignment, Repetitions} are the same across all the TBs scheduled by that DCI.

· 
If specified, in the case where one DCI schedules TB for both initial and retransmission, the above applies for TBs for both initial and retransmission
In addition, it was recommended that the use of scheduling gaps for unicast/multicast is further studied. In this contribution, we discuss issues related to scheduling of multiple transport blocks.
2 Scheduling of Multiple Transport Blocks
2.1 Transport Block Interleaving 
In RAN1#96, it was agreed to support both contiguous and interleaved transmission of multiple transport blocks (configurable by the eNB) for unicast. An example of interleaved multiple transport blocks is shown Figure 1. The repetitions for one transport block are interleaved with repetitions of all the other transport blocks. 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 1. Example of scheduling multiple transport blocks with interleaved transmission.
One issue to consider is how to interleave the transmissions. It is natural to interleaved on a subframe basis, however the number of subframes for interleaving is still to be determined. For maximum diversity gain, it would be best to interleave subframe by subframe. However, since the RV changes every Nacc absolute subframes, care must be taken to ensure that the RV is still be cycled even interleaving is done. Furthermore, frequency hopping is also a factor. Interleaving may result in frequency hopping being effectively not used. Thus, the number of subframes to used for each interleaved block is an important factor.
Therefore, it is proposed that for interleaved transmission of multiple transport blocks, the interleaving is done every N subframes. The parameter may be fixed (e.g. N may be the same as Ych, the frequency hopping parameter) or configurable.

Proposal 1: For unicast interleaved transmission, the interleaving is done every N subframes.

Naturally, if the number of repetitions is less than or equal to N, then interleaving would be disabled and continuous transmission will be used. Note that for the DL/UL unicast for a UE, when multiple TBs are scheduled by one DCI, the parameter values for {MCS, Resource assignment, Repetitions} are the same across all the TBs scheduled by that DCI. Therefore, this should not be difficult to implement.
Note that interleaved transmission has only been agreed for unicast. For multicast, the maximum number of transport blocks is 8. This is the same as unicast for CE Mode A. However, in CE Mode B, only 4 transport blocks can be supported. This limitation, however, is due to legacy design and not hardware limit as all UE must support CE Mode A. Therefore, UE has the capability to support 8 HARQ processes. In addition, there is no increase in UE complexity or soft buffer requirements when interleaved transmission is supported. For multicast, generally the target BLER is lower than for unicast as there is no HARQ retransmission. In this case, the gain from interleaving is expected to be larger. Therefore, it is also proposed to support interleaved transmission in multicast.
Proposal 2: For multicast, support both contiguous and interleaved transmission of multiple transport blocks.

2.2 Scheduling Gap 
In RAN1#96, it was recommended that the use of scheduling gaps for unicast/multicast is further studied. An example of scheduling gap is shown in Figure 2. It can be used to make room for other transmissions as well as to provide time diversity.
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Figure 2. Example of scheduling multiple transport blocks with gap.
Two disadvantages of introducing scheduling gap is in increasing implementation/specification complexity and longer delay for the UE. Since eMTC traffic is mostly delay tolerant, latency is not expected to be an issue. Introducing the gap provides the eNB with scheduling flexibility and may even be seen in a similar light as SPS transmission. Therefore, if the eNB can already handle SPS transmission it may be fine to also handle scheduling gap. Thus, it is proposed to support scheduling gap for both unicast and multicast transmission. 
Proposal 3: Support scheduling gap for both unicast and multicast transmission.

2.3 Unicast DCI Design

In RAN1#96, it was agreed that the same MCS, resource allocation, and number of repetitions are used for all transport blocks. This would also apply, in the case where one DCI schedules TB for both initial and retransmission is supported, for TBs for both initial and retransmission. To support both initial and retransission using the same DCI, 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. Allowing both initial and retransission using the same DCI can reduce MPDCCH overhead significantly and it is therefore proposed to support this ability.

Proposal 4: One DCI can be used to schedule both initial and retransmission of different HARQ processes.
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. Together with the NDI, this would require 16 bits. However, in this case the legacy HARQ process number and NDI fields will not be needed, saving 4 bits for FDD. In additon,if the HARQ process number of the scheduled TBs is continous, further bits can be saved. For instance, 3 bits can be used to indicate the number of TBs, and then the HARQ process number can be static based on the number of scheduled DCI.
Proposal 5: Consider joint encoding of number of transport blocks and HARQ process numbers to reduce DCI overhead.
Furthermore, it may be possible to reduce DCI by considering other limitations such as MCS restriction. This can be FFS based on further progress in the DCI design.

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 6: Scheduling of multiple transport blocks is also supported for uplink transmission in preconfigured resources.
As noted in [1], 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 7: 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 8: Bundled ACK/NACK can be optionally configured in CE Mode A. The timing of the ACK/NACK can be based on the last transmission 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.
2.6 Multicast DCI design
For SC-MTCH, the maximum number of TBs scheduled is 8. For unicast, it was agreed that when multiple TBs are scheduled by one DCI, the parameter values for {MCS, Resource assignment, Repetitions} are the same across all the TBs scheduled by that DCI. For multicast, we also 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. 

Proposal 9: For multicast, the same MCS, resource assignment, and number of repetitions are used for all transport blocks.
For the SC-MTCH DCI scheduling multiple TBs scheduling, two options are possible - modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field), or reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers. The two options are discussed below –

· The number of transport blocks is indicated dynamically in the DCI. This would add 3 bits into the DCI. The disadvantage of this scheme is that legacy UE will not be able to take advantage of this DCI. So when ther is a mix of legacy and Rel-16 UEs in the cell, the eNB has to always transmit a DCI for each SC-MTCH transmission. This is not a problem as it is needed for legacy UEs anyway. For Rel-16 UE, the eNB can also transmit a DCI scheduling multiple TBs. This will increase overhead but allows Rel-16 UE to save battery by not having to monitor all the DCIs. Alternately, Rel-16 UE can be configured to monitor legacy DCI.

· The number of transport blocks is semi-statically configured in the SC-MCCH. The same legacy DCI can be used but Rel-16 will interpret the DCI as for multiple TBs as configured in the SC-MCCH. There are, however, several issues with this. First, there is no flexibility in the number of TBs being scheduled, which will also reduce eNB ability to manage DL transmissions (e.g. once scheduled, eNB cannot preempt to transmit unicast). In addition, there is no overhead saving as legacy UE will still require a DCI for each TB. Furthermore, Rel-16 UE will have more complicated search space as it will need to monitor only 1 out of N occasions. Furthermore, for cells without legacy UE, scheduling flexibility will be lost.
Given the above discussion, it is seen dynamic indication is more beneficial than semi-static configuration. Supporting both options will unnecessary introduce complexity into the specification and implementation. Therefore, it is proposed to modify the existing SC-MTCH DCI to indicate the number of scheduled TBs (e.g. by adding new field).
Proposal 10: For multicast, modify the existing SC-MTCH DCI to indicate the number of scheduled TBs by adding a new field.
3 Conclusions

In this contribution, we consider scheduling multiple DL/UL transport blocks and make the following proposals –
Proposal 1: For unicast interleaved transmission, the interleaving is done every N subframes.

Proposal 2: For multicast, support both contiguous and interleaved transmission of multiple transport blocks.

Proposal 3: Support scheduling gap for both unicast and multicast transmission.

Proposal 4: One DCI can be used to schedule both initial and retransmission of different HARQ processes.
Proposal 5: Consider joint encoding of number of transport blocks and HARQ process numbers to reduce DCI overhead.

Proposal 6: Scheduling of multiple transport blocks is also supported for uplink transmission in preconfigured resources.
Proposal 7: 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 8: Bundled ACK/NACK can be optionally configured in CE Mode A. The timing of the ACK/NACK can be based on the last transmission in the bundle.
Proposal 9: For multicast, the same MCS, resource assignment, and number of repetitions are used for all transport blocks.
Proposal 10: For multicast, modify the existing SC-MTCH DCI to indicate the number of scheduled TBs by adding a new field.
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