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1	Introduction
In RAN1#98, the following agreements and conclusion were made:
Agreement
Legacy HARQ delay timing constraint is used, i.e. the interval between the end of the corresponding DL TB and the start of ACK/NACK transmission is >= 12ms
For next meeting

On the issue of new values for  companies are encouraged to submit detailed proposals for decision on whether to support such values in RAN1#98bis

Conclusion
In Rel-16, HARQ multiplexing for multiple TB scheduling is not supported. 
· FFS if HARQ bundling can be optionally supported.

Agreement
For unicast, for a Rel-16 UE configured with multiple TB scheduling, after receiving NPDCCH with a DL (UL) grant ending in subframe n, and if the corresponding NPDSCH(NPUSCH format 1) transmission starts from n+k, the UE is not required to monitor NPDCCH starting from subframe n+k-2 to subframe n+k-1.
· If two TBs are scheduled by the DCI, the UE is not required to monitor another NPDCCH from subframe n+1 to subframe n+k-1

Agreement
Non-continuous transmission between SC-MTCH TBs is supported
· Details FFS (including UE capability and continuous transmission)

Agreement
For unicast, for a Rel-16 UE configured with multiple TB scheduling:
· When one TB is scheduled by the DCI, the repetitions for one transport block are contiguously transmitted
· When multiple TBs are scheduled by the DCI
· The repetitions for one transport block can be either contiguously transmitted or interleaved.
· Interleaving is an eNB configured feature
· FFS: Interleaving feature is a UE optional feature

In this contribution, we continue to discuss the remaining issues for scheduling multiple DL/UL transport blocks for SC-PTM and unicast.
2	Multiple TBs in Unicast

For unicast transmission, HARQ timeline can be described in two cases as show in Figure 1 below.
[image: 9]
Figure 1 HARQ timeline for DL multi-TB scheduling (from [2])

For case 1, the value of X is dependent on the length of the second TB and/or the HARQ-ACK time domain resource. The determination of X value shall satisfy Rel-14 HARQ timing constraints, i.e. minimum 12ms separation between the end of TB and the start of the HARQ-ACK transmission. For example, X can be indicated as where  is the scheduling delay indicated by the DCI and m is the length of the second TB. Alternatively, X can be given by  where L is the length of HARQ-ACK transmission.  
For case 2, X is indicated by the scheduling delay field in the DCI same as in the current specification. Case 2 is simpler than case 1, however, it cannot achieve maximum throughput increase since HARQ-ACK transmission is delayed. The throughput performance loss is clearly observed for a small packet transmission duration. For example, we consider 256 bits TB to be repeated 4 times and HARQ-ACK is repeated by 8 times, and the associated HARQ timeline comparison of case 1 and 2 is shown in Figure 2. The peak data rate of case 2 is ~5.1 kbps and HARQ-ACK transmission delay for case 1 is reduced from 12ms to 1ms and we can achieve ~5.8 kbps, which is 15% increase in throughput. 
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Figure 2 Example of HARQ timeline for DL multi-TB scheduling 


Observation 1: New values of  can achieve maximum throughput increase

As discussed in [2], there is a potential complexity increase on both eNB and UE for supporting new values for . To address the concern, probably we can define  where  is a scheduling delay value indicated by the DCI which can be the legacy values minus 12, and  is a value from 1 to 12 to meet legacy HARQ delay timing constraint.  That is, based on the TB length and/or the HARQ-ACK length, the smallest value in the candidate set satisfying with Rel-14 HARQ delay constraint is selected as . With this approach there is no need to define a new table of HARQ-ACK delay for multi-TB scheduling.
Proposal 1:  is defined by  where  is a scheduling delay value indicated by the DCI and   is the smallest value in the set {1,2…,12} satisfying legacy HARQ delay timing constraint.

3	Multiple TBs in SC-PTM
The following agreement was made in RAN1#96bis.

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 Option (a), some additional bits are added in the DCI to indicate the number of scheduled TBs, and this new DCI cannot be read by legacy UE. If the SC-PTM service is targeted for both legacy and Rel-16 UEs, the eNB needs to transmit both Rel-15 DCI without TB indicator and Rel-16 DCI with TB indicator, and there is no saving on DCI overhead. 
Option (b) uses SC-MCCH to indicate TB numbers, but it is required that the network needs to allocate the resources for all the TBs before initializing a transmission. This is quite inflexible and inefficient in terms of resource utilization. This may also increase UE power consumption since UE is required to stay up for a longer time.
For the case where only new UEs are decoding the SC-PTM 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). However, all these benefits cannot be achieved by Option (b).
Observation 2: Using SC-MCCH to indicate TB numbers may not efficiently support the case where only Rel-16 UEs are receiving the SC-PTM service. 
Option (b) also requires more specification work than Option (a). In addition to indicating the number of scheduled TBs, new signaling on SC-MCCH shall be introduced to enable the Rel-16 UE to skip the DCI to gain some degree of power savings. The time interval between the scheduled TBs needs also be signaled in SC-MCCH. The configuration of the time interval shall consider how to align with Type 2A common search space since the DCI which schedules NPDSCH for SC-MTCH is required to be transmitted in the time interval. 
[bookmark: _GoBack]Observation 3: Using SC-MCCH to indicate TB numbers requires more specification work and is potentially at a high risk to complete Rel-16 WID on the schedule. 
Based on the discussion above, option (a) is preferred both from performance and specification effort.
Proposal 2: For scheduling of multiple TBs with SC-MTCH, introduce 3 additional bits in the DCI to indicate the number of scheduled TBs. 
In RAN1#98 meeting, it was agreed that non-continuous transmission between SC-MTCH TBs is supported and FFS on continuous transmission and UE capability. 
There are two different modes of UE processing for decoding SC-PTM. As illustrated in Figure 3, NPDCCH triggers NDPSCH0 and NPDSCH1 together. If UE is performing ‘real time demodulation’ with no buffering of next data, as illustrated in Figure 3(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 3(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 3(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}. 
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(a) Processing without buffering 
[image: ]
(b) Batch processing with buffering
Figure 3 UE processing of multi-TBs NPDSCH.

Proposal 3: 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 4: The gap NPDSCH-NPDSCH and NPDSCH-NPDCCH depends on the required UE processing time and NPDSCH transmission duration.

4	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: New values of  can achieve maximum throughput increase
Proposal 1:  is defined by  where  is a scheduling delay value indicated by the DCI and   is the smallest value in the set {1,2…,12} satisfying legacy HARQ delay timing constraint.
Observation 2: Using SC-MCCH to indicate TB numbers may not efficiently support the case where only Rel-16 UEs are receiving the SC-PTM service. 
Observation 3: Using SC-MCCH to indicate TB numbers requires more specification which and is potentially at a high risk to complete Rel-16 WID on the schedule. 
Proposal 2: For scheduling of multiple TBs with SC-MTCH, introduce 3 additional bits in the DCI to indicate the number of scheduled TBs. 
Proposal 3: 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 4: The gap NPDSCH-NPDSCH and NPDSCH-NPDCCH depends on the required UE processing time and NPDSCH transmission duration.
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