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Discussion and Decision
1 Introduction

In RAN1#98bis, it was agreed –

· The unicast multi-TB feature is enabled separately for DL and UL

· For unicast, scheduling gaps can be configured separately for DL and UL by RRC

· Dynamic activation/deactivation of scheduling gaps via DCI is FFS.

· For UEs that support multi-TB scheduling with HARQ-ACK bundling, the bundling is enabled/disabled/configured by RRC and the actual bundle size is indicated by DCI

· For UEs that support multi-TB scheduling with HARQ-ACK bundling, the maximum bundle size is 4.

· Strive to reuse Rel-14 HARQ-ACK bundling feature as baseline at least for the non-interleaving case

· For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on MCS.

· FFS for > 2TBs

· For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on RA.

· FFS for > 2TBs

· FFS for CE mode B

· For DCI contents for scheduling multiple DL/UL transport blocks for CE mode A, down select one from following options in R1-1911381 for HARQ ID, NDI and number of scheduled HARQ processes.

· Option 1

· Option 3/5

· For unicast in CE mode A, for the purpose indicating the number of TBs, select Option 2, i.e.:

· A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs

· FFS: Details on how to indicate the exact number of TBs in case it is multiple

· For unicast in CE mode B, for the purpose indicating the number of TBs, select Option 2, i.e.:

· A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs

· FFS: Details on how to indicate the exact number of TBs in case it is multiple

· Conclusion

· For multicast, interleaving is not supported

· For multicast, the scheduling gap configuration indicates:

· Scheduling gap duration with granularity(FFS)

· FFS: Scheduling gap periodicity

· FFS: Other scheduling gap properties

· For unicast, the scheduling gap configuration indicates:

· Scheduling gap duration with granularity(FFS)

· FFS: Scheduling gap periodicity

· FFS: Scheduling gap time offset

· FFS: Threshold for enabling scheduling gap 

· For unicast, a scheduling gap containing an MPDCCH transmission can be used for indication of early termination of ongoing PUSCH transmission(s).

· FFS: Whether a UE is required to monitor MPDCCH during the scheduling gap

· FFS: Whether the above also applies for PDSCH

· Unicast multi-TB scheduling can be configured and used together with at least the following other features:

· Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz in CE mode A

· FFS till RAN1#99 whether unicast multi-TB scheduling can be configured and/or used together with the following other features:

· Rel-14 feature for new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A

· Rel-14 feature for modulation restrictions for PDSCH/PUSCH in CE mode A

· Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A

· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B

· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A

· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A

· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B

· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A

· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B

· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B

· Any other feature that was supported since Rel-13 LTE eMTC
In this contribution, we discuss issues related to scheduling of multiple transport blocks.
2 Scheduling of Multiple Transport Blocks
2.1 Unicast DCI Design

CE Mode A

In RAN1#98bis, it was agreed to select one of the following options –
· For DCI contents for scheduling multiple DL/UL transport blocks for CE mode A, down select one from following options in R1-1911381 for HARQ ID, NDI and number of scheduled HARQ processes.

· Option 1

· Option 3/5
Option 1 requires 5 additional bits for CE Mode A. This option requires contiguous HARQ processes but can otherwise schedule any number of TBs. A flag is used to differentiate between mixed and non-mixed scheduling.
Option 3 requires 5 additional bits while Option 5 requires 6 additional bits. These two options allow for any HARQ ID to be indicated (i.e. they do not have to be contiguous and there is no restriction on which processes can be scheduled). However, the number of scheduled transport blocks is limited to 1, 2, 4, 6, and 8.

When considering both options, Option 3/5 provides greater flexibility in scheduling the number HARQ processes. The limitation in the number of scheduled transport blocks can be minimized via implementation. For instance, if originally eNB would have scheduled 3 transmissions with 64 repetitions each, it can instead schedule 6 transmissions with 32 repetitions. The total transmission time is the same, and performance should be the same too (TBS can be roughly halved so coding rate stays the same in both cases). This option is also more efficient when it comes to a mix of initial and re-transmissions. Option 1 is more beneficial for all initial or re-transmission. But in case of mixed, transmission, the option is limiting as the eNB may have to use 2 separate DCIs (one for new transmission and one for re-transmission). Therefore, it is proposed to support Option 3/5.
Proposal 1: For DCI contents for scheduling multiple DL/UL transport blocks for CE Mode A, select Option 3/5  in R1-1911381 for HARQ ID, NDI and number of scheduled HARQ processes.

Based on the previous proposal, we now consider Options 3 and 5 for CE Mode A with respect to other scheduling fields. Both options use joint encoding for HARQ process IDs, NDI, and RV. In our understanding, Option 3 has the following restrictions: (1) RV restriction where RV is fixed when more than 2 TBs are scheduled, and (2) 64QAM supported for 1 and 8 TB case. Option 5 has the same restriction with respect to the RV but not with respect to 64QAM. However, Option 5 requires 1 more bit than Option 3. 
In our view the two options are very similar for CE Mode A. However, it seems that Option 3 would have lower specification as well as encoding/decoding complexity. Therefore, we slightly prefer Option 3.
Proposal 2: For DCI contents for scheduling multiple DL/UL transport blocks for CE Mode A, select Option 3 in R1-1911381.

In addition, as noted the number of additional bits in Option 3 may be reduced if further optimization is considered. However, DCI size optimization may reduce the scheduling flexibility (e.g. may require MCS restriction). We feel that 5 bits is reasonable and therefore no further optimization is needed in our view. 
CE Mode B
For CE Mode B, [1] lists Options 2 – 7. Among these options, it can be seen that if 5 additional bits are allowed, then there would be no scheduling restriction. For smaller number of bits, some restrictions would be necessary (e.g. MCS or continuous HARQ process numbers). With restrictions, the DCI increase can be limited to 3-4 bits depending on the allowed restriction.
Similar to our view for CE Mode A, we prefer scheduling restriction for the number of TBs rather than HARQ process numbers. We also do not prefer MCS restriction as this would only apply when 3-4 TBs are scheduled, which may be problematic if they are part of a re-transmission. Therefore, we propose to select either Option 3 (5 additional bits) or Option 6 (3 additional bits with TB restriction, i.e. cannot schedule 3 TBs).  
Proposal 3: For DCI contents for scheduling multiple DL/UL transport blocks for CE Mode B, select Option 3 or Option 6 in R1-1911381.
In RAN1#98bis, it was agreed that –

· For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on MCS.

· FFS for > 2TBs

· For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on RA.

· FFS for > 2TBs
· FFS for CE mode B

To address the FFS, it is seen that the preferred options in [1] do not require MCS and RA restrictions. Therefore, we proposed also these scheduling restrictions are not used for >2 TBs. 

Proposal 4: For CE Mode A and B, scheduling with a single DCI is supported without new restrictions on MCS or RA.
2.2 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 use 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 5: 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.

2.3 Scheduling Gap
In RAN1#98bis, it was agreed –

· For unicast, the scheduling gap configuration indicates:

· Scheduling gap duration with granularity(FFS)

· FFS: Scheduling gap periodicity

· FFS: Scheduling gap time offset

· FFS: Threshold for enabling scheduling gap 

In our view, the scheduling gap can be used to increase time diversity as well as to provide a gap for the eNB to schedule other UEs. In this case, we propose that the gap would apply at the end of every transport block. Therefore, there is no need to configure scheduling gap periodicity or time offset. If the gap is enabled via RRC, then it will apply to the UE. For interleaved transmission, the gap will apply every K subframes which is the equivalent of the total transmission time of 1 transport block as shown in Figure 2.
Proposal 6: For unicast, scheduling gap of Ngap_unicast subframes is inserted every Nrep subframes where Ngap_unicast is the configured scheduling gap duration and Nrep is the number of repetitions given in the DCI.
[image: image2.emf]TBS1 TBS2 TBS3 TBS4

Gap Gap Gap

Gap Gap Gap

Non-interleaved Transmission

Interleaved Transmission


Figure 2. Scheduling gap.
In RAN1#98bis, it was agreed –

· For multicast, the scheduling gap configuration indicates:

· Scheduling gap duration with granularity(FFS)

· FFS: Scheduling gap periodicity

· FFS: Other scheduling gap properties

We propose to use the same method as for the unicast scheduling gap. However, the gap size may be different for multicast compared to unicast (e.g. to accommodate scheduling period or delay for legacy UEs).
Proposal 7: For unicast, scheduling gap of Ngap_multicast subframes is inserted every Nrep subframes where Ngap_multicast is the configured scheduling gap duration and Nrep is the number of repetitions given in the DCI.
3 Conclusions

In this contribution, we consider scheduling multiple DL/UL transport blocks and make the following proposals –
Proposal 1: For DCI contents for scheduling multiple DL/UL transport blocks for CE Mode A, select Option 3/5  in R1-1911381 for HARQ ID, NDI and number of scheduled HARQ processes.

Proposal 2: For DCI contents for scheduling multiple DL/UL transport blocks for CE Mode A, select Option 3 in R1-1911381.

Proposal 3: For DCI contents for scheduling multiple DL/UL transport blocks for CE Mode B, select Option 3 or Option 6 in R1-1911381.
Proposal 4: For CE Mode A and B, scheduling with a single DCI is supported without new restrictions on MCS or RA.
Proposal 5: For unicast interleaved transmission, the interleaving is done every N subframes.

Proposal 6: For unicast, scheduling gap of Ngap_unicast subframes is inserted every Nrep subframes where Ngap_unicast is the configured scheduling gap duration and Nrep is the number of repetitions given in the DCI.
Proposal 7: For unicast, scheduling gap of Ngap_multicast subframes is inserted every Nrep subframes where Ngap_multicast is the configured scheduling gap duration and Nrep is the number of repetitions given in the DCI.
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