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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#97, it was agreed –

· Working assumption

· For unicast, scheduling of initial and retransmission TB(s) within one DCI is supported.

· Till the RAN1#98 meeting, consider potential simplifications that can help achieve a tradeoff between scheduling flexibility and DCI size. For example:

· Configurable maximum number of TBs per grant 

· Maximum size of DCI 

· Joint coding of DCI fields

· Reduced TBS choices

· Reduced resource allocation choices

· Reduced/eliminated RV field

· Working assumption

· For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by [RRC and/or DCI]

· The support of scheduling gaps is UE optional feature regardless of the support of multiple TBs

· FFS: Details on the scheduling gap such as duration, applicability, etc
· For scheduling of multiple TBs with SC-MTCH, scheduling gaps are supported.

· For scheduling of multiple TBs with SC-MTCH, a DCI field indicates the number of scheduled TBs.
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. In RAN1#96bis, it was agreed that this configuration will be done via RRC signalling. 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 interleaved transmission of multiple transport blocks.

2.2 Scheduling Gap 
In RAN1#97, it was agreed as a working assumption that scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by [RRC and/or DCI]. Furthermore, scheduling gap for multicast transmission is also supported. 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 confirm the working assumption on scheduling gap for unicast transmission. 
Proposal 3: Confirm the working assumption that, for unicast, scheduling gaps for multiple transport blocks are supported.

In RAN1#97, the scheduling gap can be configured by [RRC and/or DCI]. The details on the gap, however, were left FFS. In our view, scheduling gap configuration should be via higher layers e.g. RRC configuration. However, whether to have scheduling gap on/off dynamically indicated via DCI is FFS. The ability to dynamically indicate scheduling gap per each scheduling instance may be beneficial.
Proposal 4: For unicast, scheduling gaps can be configured by higher layers. Dynamic indication of scheduling gap on/off via DCI is FFS.

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. In RAN1#96bis, it was further agreed that value for number of PDSCH repetitions is the same across all the TBs scheduled by that DCI, and there is only a single parameter field for number of MPDCCH repetitions and only a single parameter field for SRS request. 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. In RAN1#97, it was agreed as working assumption that scheduling of initial and retransmission TB(s) within one DCI is supported. 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 5: Confirm the working assumption that, for unicast, scheduling of initial and retransmission TB(s) within one DCI is supported.
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. 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 HARQ Feedback
In RAN1#96bis, it was agreed to support ACK/NACK bundling. This is supported for CE mode A, where HARQ ACK/NACK feedback bundling on PUCCH can be enabled or disabled by RRC and/or DCI. If the network does not enable it, each TB has its own separately encoded HARQ ACK/NACK feedback. 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. This feature should be enabled or disabled by RRC as it is not preferred to add additional bit for this feature in DCI.
Proposal 6: In CE Mode A, bundled ACK/NACK can be configured via higher-layer signalling. The timing of the ACK/NACK can be based on the last transmission in the bundle.
One remaining issue is the maximum bundle size. When there is no repetition, the maximum number of subframes is 8. Since UE is typically low-mobility, the channel changes slowly and hence decoding for most packets would be highly correlated. With repetition, interleaving can be used to ensure that all packets have similar received SINR. Therefore, it is not unusual for all or none of the packets to be received in error. As a result, it is proposed that the maximum bundle size in 8.
Proposal 7: The maximum bundle size for ACK/NACK bundling is 8.

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.

2.5 Multicast DCI design
In RAN1#97, it was agreed that –

· For scheduling of multiple TBs with SC-MTCH, a DCI field indicates the number of scheduled TBs.
· For scheduling of multiple TBs with SC-MTCH, scheduling gaps are supported.

For indicating the number of scheduled TBs, the proposal is to add a new 3-bit field to SC-MTCH DCI to indicate the number of scheduled TBs (1-8).
Proposal 8: For multicast, add a new 3-bit field to SC-MTCH DCI to indicate the number of scheduled TBs.

Similar to our view for unicast, scheduling gap configuration should be via higher layers e.g. RRC. However, whether to have scheduling gap on/off dynamically indicated via DCI is FFS. The ability to dynamically indicate scheduling gap per each scheduling instance may be beneficial.
Proposal 9: For multicast, scheduling gaps can be configured by higher layers. Dynamic indication of scheduling gap on/off via DCI is FFS.
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 interleaved transmission of multiple transport blocks.

Proposal 3: Confirm the working assumption that, for unicast, scheduling gaps for multiple transport blocks are supported.

Proposal 4: For unicast, scheduling gaps can be configured by higher layers. Dynamic indication of scheduling gap on/off via DCI is FFS.

Proposal 5: Confirm the working assumption that, for unicast, scheduling of initial and retransmission TB(s) within one DCI is supported.
Proposal 6: In CE Mode A, bundled ACK/NACK can be configured via higher-layer signalling. The timing of the ACK/NACK can be based on the last transmission in the bundle.
Proposal 7: The maximum bundle size for ACK/NACK bundling is 8.

Proposal 8: For multicast, add a new 3-bit field to SC-MTCH DCI to indicate the number of scheduled TBs.

Proposal 9: For multicast, scheduling gaps can be configured by higher layers. Dynamic indication of scheduling gap on/off via DCI is FFS.
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