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1	Introduction
In RAN#80, a new work item on NB-IoT enhancements was approved (RP-181451) with the following objective:
Scheduling enhancement:
· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.

In RAN1#96, the following agreements were made:
[bookmark: OLE_LINK29]Agreement
One DCI can be used to schedule both initial and retransmission of different HARQ processes

Agreement
For unicast, when all the TBs are scheduled by one DCI
· MCS, repetition number, resource allocation, are common across all UL transport blocks
· There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, Flag for differentiation
· MCS, repetition number, resource assignment are common across all DL transport blocks
· There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, NPDCCH order indicator, Flag for differentiation
· FFS: HARQ-ACK resource
.
Agreement
For unicast, relationship 1 is supported: 1 HARQ process corresponds to 1 TB
· FFS: Whether to support relationship 2 (1 HARQ process corresponds up to 2 TBs) in addition to relationship 1
· RAN1 will make decision on the support for the FFS part in RAN1#96bis

Agreement
For unicast, scheduling gaps between TBs scheduled by one single DCI are not supported for relationship 1

Agreement
For TBs scheduled by one DCI that are contiguous, the ACK/NACK resources are back-to-back. FFS details. 

Agreement 
For SC-MTCH, the maximum number of TBs scheduled is 8

Agreement 
For SC-MTCH, all the TBs scheduled by one DCI use the same resource assignment, MCS and repetition number.

Agreement 
For SC-MTCH multiple TBs scheduling, down-select from the following options:
a) Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
b) Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
c) Support both a) and b)
2	Techniques to study
TB interlacing

We note that consecutive transmission of TBs may not be optimal in terms of performance (e.g. due to lack of time diversity). In Figure 1 we show the difference between consecutive and interlaced PUSCH transmission.


Figure 1 Consecutive (Alt1) vs interlaced (Alt2) NPUSCH transmission.
In our companion contribution [1] we evaluated the gains of interlacing multiple transport blocks in eMTC. Similar gains should be observed in NB-IoT case (despite having a reduced number of HARQ processes).
Observation 1: Interlacing multiple transport blocks (in DL or UL) with multiple HARQ processes provides gain due to time diversity.
Proposal 1: Support the interlacing of TBs to achieve time diversity.
3	Optimizing DCI Design
For the relevant use cases, it is expected that changes to DCI are needed. These changes, however, should not increase the UE complexity in terms of NPDCCH blind decodes, given that NPDCCH decoding is one of the factors that drives the complexity envelope of the UE. 
Proposal 2: The introduction of scheduling enhancements shall not increase the UE complexity in terms of NPDCCH blind decodes.
In RAN1#96, we have following agreements related to the unicast DCI design.
Agreement
· One DCI can be used to schedule both initial and retransmission of different HARQ processes

In addition, it was agreed that the MCS, repetition number and resource allocation are common across all the scheduled transport blocks by the single DCI. Based on these agreements the individual NDI shall be used for each scheduled transport block when multiple transport blocks are scheduled by one DCI. Otherwise, if a common DCI is used for all the transport blocks, one DCI can only schedule either initial or retransmission of different HARQ processes but not both. Following the legacy, the NDI toggle is used to indicate initial or retransmission for each associated HARQ process.
Proposal 3: For unicast, when multiple DL/UL transport blocks are scheduled by one DCI, the individual NDI is assigned to each transport block with the NDI toggle to indicate initial or retransmission. 
Currently for single TB scheduling, the 1-bit RV index field in DCI format N0 is used to indicate the redundant version for NPUSCH transmission. When multiple UL transport blocks are scheduled by one DCI, it was proposed to share the RV among all the scheduled transport blocks to save the DCI payload. However, the restriction will significantly affect the HARQ performance. For example, when one DCI schedules both initial and retransmission of different HARQ processes, the RV index field whould indicate RV=0 considering the initial TB, but RV=0 for retransmission TB cannot support HARQ-IR combining. 
In [2] it was proposed to fix the RV (i.e. RV=0) of initial transmission TB and use the RV field in the DCI only for retransmission in such case. However, there could be misalignment between eNB and UE in terms of initial and retransmission due to DCI missing. For example, eNB may firstly schedule two UL TBs, and one TB is correctly received and the other is not. Then eNB schedules retransmission for the first TB and new transmission for the second TB. But the UE may miss the DCI and will not transmit any TB. It is possible that eNB may not detect “NPUSCH DTX” but decode as NACK for two TBs. The eNB would transmit a third DCI for retransmission of the two TBs. However, due to the missing of the second DCI, UE assumes the received third DCI indicates new transmission for the second TB due to the NDI toggle.  According to the proposal, the UE would use a fixed RV value for TB2 transmission, but the eNB assumes the RV for TB2 is based on the indication in the DCI. The misalignment between eNB and UE on the RV value for the second TB would cause TB2 not successfully received. 
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Figure 2 Example for misalignment when using fixed RV for initial transmission TB

Proposal 4: For unicast, when multiple UL transport blocks are scheduled by one DCI, the individual RV index is assigned to each transport block. 
Based on the above, we would discuss the possible design options for unicast DCI. Relationship 1 (i.e. 1 HARQ process corresponds to 1 TB) is assumed and maximum two transport blocks are scheduled by one DCI. Firstly, we consider the case of adding 2 bits to DCI. This is because that each HARQ process is associated with maximum 5 states, i.e. non-scheduling or scheduled with four different combinations of NDI and RV values (with 1-bit NDI and 1-bit RV for each HARQ process). Therefore, the total states for 1 DCI scheduling 2 TBs are 5x5=25 requiring 5 bits for indication. Considering there is already 1-bit HARQ process number, 1-bit NDI and 1-bit RV in the DCI, 2 additional bits are thus needed with the joint encoding of HARQ process ID, NDI and RV as proposed in [1]. Compared to the individual encoding of the HARQ process ID, NDI and RV, which requires 3-bit for each HARQ process and thus total 6 bits for 2 HARQ processes, there is one bit of saving. 
Observation 2: For 2 TBs scheduled by one DCI, the joint coding of HARQ process number, NDI and RV index field can save 1-bit in the DCI compared to the individual encoding. 
Alternatively, we can consider adding a 1-bit field into the DCI for scheduling 2 transport blocks. The 1-bit field can be used to indicate the number of scheduled transport blocks, i.e. 1 or 2. For single transport block scheduled by the DCI, the HARQ process number, NDI and RV index field are interpreted as the legacy. When two TBs are scheduled by the DCI, the HARQ process number, NDI and RV index field are re-interpreted as the NDI and RV index for the two TBs. For 2 TBs, we need total 4 bits for indicating all the combinations. However, there are only three bits available. In order not to increase the DCI size, we can consider to “take” 1 bit from other DCI fields. For example, we could restrict the set of MCS values for 2 TBs scheduling, i.e. using maximum 8 states instead of 14, and the most significant bit can be used for indicating the RV index of the second TB. As another example, the subcarrier indication field can be changed to 5-bits for 2 TBs scheduling and the most significant bit is used for indicating the RV index of the second TB. This is because the 6-bits subcarrier indication is only needed for single tone transmission with 3.75kHz SCS. The performance loss from restricting the set of values for the subcarrier indication for two TBs scheduling is expected to be small. 
According to [1], the joint encoding of the MCS and repetition number to restrict the total valid combinations can also be considered to save the DCI payload. For example, a restriction to 6-bits for a joint coding of the MCS and repetition number saves 1 bit (i.e. 4-bits MCS and 3-bits repetition number in case of individual encoding), which can be used to indicate the RV index of the second TB for 2 TBs scheduling.
Observation 3: Restrict the set of possible values for MCS or subcarrier indication or joint encode the MCS and repetition number can be considered to minimize the number of bits added to the DCI for two TBs scheduling. 
Proposal 5: For a typical scenario with N=2 TBs scheduled by one DCI, down-select between these two options: 1) one bit is added to the DCI 2) two bits are added to the DCI. 
4	Number of transport blocks and HARQ processes
In RAN1#95, we have following agreements related to the number of HARQ processes. 
Agreement
For unicast, relationship 1 is supported: 1 HARQ process corresponds to 1 TB
· FFS: Whether to support relationship 2 (1 HARQ process corresponds up to 2 TBs) in addition to relationship 1
· RAN1 will make decision on the support for the FFS part in RAN1#96bis
For Relationship 2, 1 HARQ process corresponds up to 2 TBs, and this may not allow for retransmission of the two TBs in some cases. According to [3], the UE has to keep monitoring for the potential DCI before receiving TB2 as shown in Figure 3. This is because the UE has only single HARQ process and it cannot receive the retransmission for TB1 after receiving TB2 otherwise the soft buffer size needs to be increased. This would be against with the agreement “For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE”. Therefore, the UE would have to empty the soft buffer when receiving the TB2. Alternatively, the UE can wait until TB2 is decoded and decide whether to empty the soft buffer that has the LLR for TB1 (i.e. flush soft buffer when TB2 is not correctly received). This would imply that soft combining cannot be used for retransmission of the two TBs, which would significantly degrade the HARQ performance and require a significant implementation change to soft buffer management. 
[image: ]
Figure 3: Relationship 2 with single HARQ process in DL [3]
Also, there is no clear throughput gain for Relationship 2. Seems the only benefit is to save the DCI for TB2, but there is no saving on UE power consumption since UE is still required to monitor the DCI for a period of time. If there is NACK to ACK error or the UE misses the DCI, we would need RLC recovery, which would increase the delay and result in inefficiencies. Thus, we make the following proposal:
Proposal 6: For unicast, Relationship 2, i.e. 1 HARQ process corresponds to 2 TB is not supported.
5	Gap for multiple TBs in SC-PTM
Agreement 
For SC-MTCH multiple TBs scheduling, down-select from the following options:
a) Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
b) Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
c) Support both a) and b)

For decoding of DL data and control, the NB-IoT UE requires processing time. If DL multiple TBs are triggered by one DCI, the UE may need time gap, e.g., Gap1, to finish processing of the n-th NPDSCH and start reception of the (n+1)-th NPDSCH. Also, the UE requires processing time, e.g., Gap2, between last NPDSCH and next NPDCCH.
There are two different modes of UE processing. As illustrated in Figure 4, NPDCCH triggers NDPSCH0 and NPDSCH1 together. If UE is performing ‘real time demodulation’ with no buffering of next data, as illustrated in Figure 4(a), it is necessary to finish the processing of NPDSCH0 before starting the decoding of NPDSCH1. When the NPDSCH transmission duration of N subframes is shorter than the required decoding time N0, additional gap is needed to finish the NPDSCH0 before starting decoding NPDSCH1. On the other hand, if the duration of N subframes is longer than N0, the time N is sufficient already and NPDSCH0 and NPDSCH1 can be sent back to back, i.e., Gap1=0. Accordingly, the gap between two NPDSCHs is set as Gap1=max(N0-N,0). Similarly, similar principle can be applied to the separation between the last NPDSCH and the next NPDCCH. At least, the distance between the end of last NPDSCH and the end of the first NPDCCH candidate (e.g., 1st subframe assuming early termination for NPDCCH detection) of a search space should be no less than Gap2=N0. Similar gap configuration can be extended to the case of more than 2 TBs, with Gap1=max(N0-N,0) in between NPDSCHs and Gap2= N0 between the last NPDSCH and next NPDCCH. 
Another case is shown in Figure 4(b), where the UE is able to do parallel processing of decoding NPDSCH0 and buffering NPDSCH1 at the same time, i.e. for UE capable of two HARQ processes. The buffer size should be sufficient for max 2 packets of max TB size since UE support 2 HARQ processes already. In this case, the UE does not need to finish the decoding of NPDSCH0 so that the eNB could transmit NPDSCH0 and NPDSCH1 back to back, even if the transmission duration N is smaller than N0. If there is a new NPDCCH following the last NPDSCH, the Gap2 should finish the processing of all the TBs. As shown in Figure 4(b), taking into account the NPDSCH duration, the distance between the end of last NPDSCH and the end of the first NPDCCH candidate (e.g., 1st subframe assuming early termination for NPDCCH detection) of a search space should be no less than Gap2=max{2N0-N,N0}. 
The UE may have limited buffer and only can do batch processing of max two TBs. Further consideration is needed if more than 2 TBs are triggered together, on how to select the processing mode for efficient gap configuration.
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(a) Processing without buffering 
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(b) Batch processing with buffering
Figure 4 UE processing of multi-TBs NPDSCH.

Proposal 7: For scheduling of multiple TBs for SC-PTM, consider the following processing modes for the UE:
- Option 1: “Real time processing” (UE receiving multiple NPDSCH with gap in between)
- Option 2: Batch processing (UE receiving multiple NPDSCH back to back + additional gap between last NDPSCH and next NPDCCH)
Proposal 8: The gap NPDSCH-NPDSCH and NPDSCH-NPDCCH depends on the required UE processing time and NPDSCH transmission duration.


6	SC-PTM and legacy UEs
One of the main discussions on the support of multi-TB scheduling for SC-PTM is whether the SC-MTCH is targeting both legacy and Rel-16 UEs. The differences in design are the following:
- For the case where legacy UEs are decoding the service, the eNB has to send DCI to schedule the NPDSCH. The new signalling (e.g. on SC-MTCH) would just enable the Rel-16 UE to skip the DCI and thus gain some degree of power savings, but there is no throughput increase.
- For the case where only new UEs are decoding the service, there is no need to send single DCI per NPDSCH. In this case, there is a power saving (no DCI monitored), resource saving from eNB perspective (no DCI transmitted) and throughput increase (NPDSCH can be placed closer together).
In view of the above reasoning, we make the following proposal:
Proposal 9: For SC-PTM, allow the following modes of operation:
	- Mode 1: The SC-PTM service targets legacy and new UEs.
	- Mode 2: The SC-PTM service targets only new UEs.
7	Summary
In this contribution we presented our views on scheduling of multiple UL-DL transport blocks. The following observations and proposals are made:
Observation 1: Interlacing multiple transport blocks (in DL or UL) with multiple HARQ processes provides gain due to time diversity.
Proposal 1: Support the interlacing of TBs to achieve time diversity.
Proposal 2: The introduction of scheduling enhancements shall not increase the UE complexity in terms of NPDCCH blind decodes.
Proposal 3: For unicast, when multiple DL/UL transport blocks are scheduled by one DCI, the individual NDI is assigned to each transport block with the NDI toggle to indicate initial or retransmission.
Proposal 4: For unicast, when multiple UL transport blocks are scheduled by one DCI, the individual RV index is assigned to each transport block.
Observation 2: For 2 TBs scheduled by one DCI, the joint coding of HARQ process number, NDI and RV index field can save 1-bit in the DCI compared to the individual encoding.
Observation 3: Restrict the set of possible values for MCS or subcarrier indication or joint encode the MCS and repetition number can be considered to minimize the number of bits added to the DCI for two TBs scheduling.
Proposal 5: For a typical scenario with N=2 TBs scheduled by one DCI, down-select between these two options: 1) one bit is added to the DCI 2) two bits are added to the DCI 
Proposal 7: For scheduling of multiple TBs for SC-PTM, consider the following processing modes for the UE:
- Option 1: “Real time processing” (UE receiving multiple NPDSCH with gap in between)
- Option 2: Batch processing (UE receiving multiple NPDSCH back to back + additional gap between last NDPSCH and next NPDCCH)
Proposal 8: The gap NPDSCH-NPDSCH and NPDSCH-NPDCCH depends on the required UE processing time and NPDSCH transmission duration.
Proposal 9: For SC-PTM, allow the following modes of operation:
	- Mode 1: The SC-PTM service targets legacy and new UEs.
	- Mode 2: The SC-PTM service targets only new UEs.
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