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1	Introduction
In RAN1#98bis, the following agreements and conclusion were made:
Working Assumption
For SC-MTCH scheduling: Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)

Working Assumption
For scheduling of multiple TBs with SC-MTCH, introduce 3 additional bits in the modified DCI to indicate the number of scheduled SC-MTCH segments (1-8)

Agreement
For multicast, for UE processing at receiver, a gap of [FFS] can be inserted every continuous transmission of 2 TBs.
· FFS: Whether/How to enable or disable this gap
· Note: Gap of 0 is not precluded

Agreement
For the downlink, interleaving granularity is N*NSF, where the NSF is the number of subframes of NPDSCH.
· N=4 and for repetition less than 4, interleaving is not supported

Agreement
For the uplink multi-tone case, interleaving granularity is N* NRU *NULslots, where the NRU is the number of RUs, NULslots is the number of slots occupied by 1 RU, and N is fixed value in the specification. 
· When the repetition is less than N, interleaving is not supported. 
· FFS the value of N
· FFS on uplink single tone case.

Agreement

For both interleaved and non-interleaved transmission, for 2TB scheduling, reuse legacy table, no change for .
Agreement
For interleaved transmission, HARQ bundling is supported with configuration

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

2.1 Type 2 CSS
It is common understanding that multi-TB scheduling is used for unicast transmission and for NPDCCH mapped to UE specific search space. However, it is not clear whether multi-TB scheduling is also supported for random access and for NPDCCH mapped to Type 2 common search space. 
If multi-TB scheduling is supported for random access and for NPDCCH on Type 2 CSS, one bit will be added to DCI to indicate the number of scheduled TBs. But this is only for NPDCCH with CRC scrambled with C-RNTI, and for PDCCH with CRC scrambled by Temporary C-RNTI, the DCI size will not be increased. As a result, UE is required to use a different DCI size for the same Type 2 CSS when searching PDCCH with different RNTIs. This is different from the current implementation where the same DCI size is used for Type2 CSS for all the RNTIs.
Since the motivation for multi-TB scheduling is to reduce DL control overhead and increase UL throughput, it may not be relevant for random access. The benefits for using multi-TB scheduling for random access are not clear. Considering the required changes to UE implementation, we prefer not to support multi-TB scheduling for Type 2 common search space. 
Proposal 1: Multi-TB scheduling is only supported for PDCCH mapped to the UE specific search space given by the C-RNTI.
2.2 UL SPS
Similarly, the support of multi-TB scheduling for UL SPS is not justified since UL SPS in NB-IoT is mainly used for buffer status report (BSR). Therefore, when multi-TB scheduling is configured by higher layer signaling, UE is not expected to receive a multi-TB scheduling DCI with CRC scrambled by SPS-C-RNTI. 
In Rel-15, the same DCI size is used for both C-RNTI and SPS-C-RNTI in order not to increase the MPDCCH blind decoding attempts. The same principle shall be also used when multi-TB scheduling is configured. Therefore, the field of “number of scheduled TB for unicast” shall be also presented for SPS-C-RNTI if multi-TB scheduling is configured, and the value shall be set to ‘0’ for SPS-C-RNTI. 
Proposal 2: When multi-TB scheduling is configured by higher layer signaling, the “number of scheduled TB for unicast” field is also presented for SPS-C-RNTI but with a value set to zero.

2.3 Interleaving details
In last RAN1 meeting, interleaving granularity for multiple TBs scheduling has been agreed in both downlink and uplink. For the UL multi-tone case, interleaving granularity is defined by N*NRU*NULslots slots. The value of N is still open. Based on offline discussion, two options are proposed. One is to have the same value as in downlink, i.e. N=4, and the other is to set the N value to 8. Therefore, the difference is how two TBs are interleaved when the number of repetitions is larger than 4. 
As one example shown in Figure 1, when Nrep=8, option 2 results in a non-interleaving transmission, and when Nrep>8, option 2 will allow RV cycling before interleaving. In general, to obtain the maximum time-diversity benefits from interleaving, a smaller interleaving granularity is preferred. For option 2, RV cycling before interleaving may achieve a lower coding for each TB and thus be beneficial for allowing early decoding. However, when using a larger number of repetitions, e.g. Nrep>8, the coding rate is typically lower and RV cycling cannot help to further reduce the coding rate. Considering the limited performance benefits of option 2 and the loss of time-diversity gain, we thus propose to use the same N value as downlink, i.e. N=4 also for uplink. 
[image: ]
Figure 1 Comparison of different N values (assuming Nrep=8, NRU=1 for 12 tones UL transmission)
Proposal 3: For the uplink multi-tone case, the N value for interleaving granularity is fixed to 4.
For the uplink single-tone case, since cyclic repetition is not used, interleaving granularity can be given by NRU*NULslots where NRU is the number of RUs, NULslots is the number of slots occupied by one RU. This is fully aligned with the agreement that the repetitions for one transport block can be either contiguously transmitted or interleaved. 
Proposal 4: For the uplink single-tone case, interleaving granularity is NRU*NULslots where NRU is the number of RUs, NULslots is the number of slots occupied by one RU.
2.4 DL Gap
In [2], it is observed when two continuous NPDSCHs are scheduled by one DCI, total transmission duration could be long even for  and may block DL channel for scheduling other UE. Several options are proposed to solve this issue including configuring a new gap threshold for multi-TB scheduling. 
Firstly, we don’t think it is a big deal since the issue can be solved by eNB implementation. For example, configuring a smaller gap threshold and a larger  although it is not performance optimal. Secondly, a new gap threshold for multi-TB scheduling may have a backward compatible issue. In Rel-13, the DL gap is semi-statically configured based on  and . If a DL gap is configured it applies to both NPDCCH and NPDSCH. Based on the semi-static configuration UE can know the gap for receiving NPDCCH and NPDSCH. However, according to the proposal in [2], the new gap is only used for NPDSCH and determined based on whether two DL TBs are scheduled or not. In other words, the new gap is dynamic configured by DCI. Before decoding PDCCH, UE cannot know whether there is a gap for receiving PDSCH. The dynamic gap configuration increases UE implementation complexity. 
If a DL gap is needed for multi-TB scheduling, it shall be semi-statically configurated not dependent on DCI. The new gap can be dedicated to NPDSCH and apples to both single and multi-TB scheduling.  Since the DL gap configuration is signaled in SIB, if the DL gap is used for multi-TB scheduling irrespective of , it can be enabled by 1-bit UE specific RRC signaling. In other words, the UE is indicated by 1-bit signaling whether to use the DL gap configuration in SIB for NPDSCH for multi-TB scheduling without comparing  to the DL gap threshold. In such case, the new gap threshold for multi-TB scheduling can be avoided. 
Proposal 5: If the DL gap is needed for unicast multi-TB scheduling, it can be enabled by 1-bit UE specific RRC signalling irrespective of  and used only for NPDSCH.
2.5 PAPR

In [2], the PAPR issue caused by interleaving is discussed. For single tone transmission, the symbol counter for phase compensation is reset at the start of each TB transmission and incremented for each transmission symbol. When two UL TBs are transmitted with interleaving, phase discontinuity at the symbol boundary would happen when switching from one TB to another, and this may probably degrade PAPR performance.
We note this is not a new issue. In Rel-14, for 2-HARQ processes, when two PUSCH transmission are back-to-back, the phase discontinuity is also observed. Secondly, the performance loss will depend on interleaving pattern. According to previous discussion, interleaving granularity for single tone transmission is NRU*NULslots, and the minimum value is 16 slots for NRU=1. Therefore, the performance degradation from phase discontinuity is expected not to be big. 

Proposal 6: For 2 TB with interleaving, the symbol counter for phase compensation is calculated same as single TB scheduling.
3	Multiple TBs in SC-PTM
The following working assumption was made in RAN1#98bis.

Working Assumption
· For SC-MTCH scheduling: Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
· For scheduling of multiple TBs with SC-MTCH, introduce 3 additional bits in the modified DCI to indicate the number of scheduled SC-MTCH segments (1-8)

As discussed in [3], using DCI to indicate TB number is a simple and efficient solution. There are clearly power saving benefits when there are only Rel-16 UEs to receive SC-PTM service.  It can also support the same SC-PTM service to both legacy and Rel-16 UEs. We cannot see any further need for other solutions. Therefore, we propose to confirm the working assumption.  
Proposal 7: Confirm the working assumption:
· For SC-MTCH scheduling: Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
· For scheduling of multiple TBs with SC-MTCH, introduce 3 additional bits in the modified DCI to indicate the number of scheduled SC-MTCH segments (1-8)

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. In RAN#98bis, it was agreed that for multicast, for UE processing at receiver, a gap of [FFS] can be inserted every continuous transmission of 2 TBs, where a gap of 0 is not precluded.
According to [3], there are two different modes of UE processing for decoding SC-PTM. For UE performing ‘real time demodulation’ with no buffering of next data, as illustrated in Figure 2(a), it is necessary to finish the processing of NPDSCH0 before starting the decoding of NPDSCH1. In such case, the required gap size is dependent on NPDSCH transmission duration. For example, when 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, a zero gap can be used. Therefore, the gap can be set as Gap=max(N0-N,0) where N0 is the required NPDSCH decoding time and N is NPDSCH transmission duration. 
Another case is shown in Figure 2(b), where UE is capable of two HARQ processes and able to do parallel processing of decoding NPDSCH0 and buffering NPDSCH1 at the same time. Since the eNB transmits two TBs back to back and the buffer size should be sufficient for decoding max 2 packets. In this case, the gap can be set as Gap=max{2N0-N,N0}. 
Proposal 8: For multicast, the gap in between two continuous TBs depends on the required UE processing time and NPDSCH transmission duration.
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(a) Processing without buffering 
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(b) Batch processing with buffering
Figure 2 UE processing of multi-TBs NPDSCH.
4	Summary
In this contribution we presented our views on scheduling of multiple UL-DL transport blocks. The following proposals are made:
Proposal 1: Multi-TB scheduling is only supported for PDCCH mapped to the UE specific search space given by the C-RNTI.
Proposal 2: When multi-TB scheduling is configured by higher layer signaling, the “number of scheduled TB for unicast” field is also presented for SPS-C-RNTI but with a value set to zero.
Proposal 3: For the uplink multi-tone case, the N value for interleaving granularity is fixed to 4.
Proposal 4: For the uplink single-tone case, interleaving granularity is NRU*NULslots where NRU is the number of RUs, NULslots is the number of slots occupied by one RU.
Proposal 5: If the DL gap is needed for unicast multi-TB scheduling, it can be enabled by 1-bit UE specific RRC signalling irrespective of  and used only for NPDSCH.

Proposal 6: For 2 TB with interleaving, the symbol counter for phase compensation is calculated same as single TB scheduling.
Proposal 7: Confirm the working assumption:
· For SC-MTCH scheduling: Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
· For scheduling of multiple TBs with SC-MTCH, introduce 3 additional bits in the modified DCI to indicate the number of scheduled SC-MTCH segments (1-8)
[bookmark: _GoBack]Proposal 8: For multicast, the gap in between two continuous TBs depends on the required UE processing time and NPDSCH transmission duration.
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