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[bookmark: OLE_LINK23]Introduction
In the last RAN1 #98bis meeting [1], we have the following agreements: 
Agreements:
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 document, the remaining issues are discussed.
Multi-TBs scheduling with DCI for Multicast  
The method of adding new fields help saves the power consumption, improve data rate and scheduling flexibility for multicast. Therefore, we have the proposal:
Proposal 1: Confirm the following work assumption:
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)
For the non-continuous transmission in multicast, gap inserted every continuous transmission of 2 TBs was supported in last meeting as following figure
[image: gap2]
Figure 1. Gap inserted every continuous transmission of 2 TBs
In this case, the capability of UE processing at receiver is the main focused issue, and the gap can be set as the fixed value i.e, 12 ms. 
Proposal 2: For the case of gap inserted every continuous transmission of 2 TBs, the gap value can be fixed
However, it is noticed that the continuous transmission of 2 TBs means the lack of supporting back compatibility. Therefore, another case, gap is inserted every continuous transmission of 1 TB should be considered to provide the back compatibility for the new UE and legacy UE.
[image: 4]
Figure 2.Gap inserted every continuous transmission of 1 TB
As we can see from the figure, the shortest gap length is the sum of NPDCCH2 and the scheduling delay between NPDCCH2 and NPDSCH2, which is similar with the scheduling delay (k0+4 ms) indicated in NPDCCH0. If the gap is set as an fixed value, the scheduling flexibility of legacy UE would be affected, because the scheduling delay in legacy NPDCCH is limited by the gap value. If the gap value is too large, it would lower the date transmission rate. 
Based on this, the gap can be dynamic indicated by scheduling delay field, which improves the flexibility and improve the transmission performance. Additionally, for the single TB scheduling case, there is no processing problem for the 2 HARQ process capable UE. Notice that the gap between NPDSCH1 and NPDSCH is similar with the scheduling delay between NPDCCH0 and NPDSCH1,Therefore, 
Proposal 3: For backward compatibility
--Gap is inserted after continuous transmission of 1 TB.
--Gap value can be the same with the scheduling delay indicated in the new NPDCCH .
In this case, the maximum repetition number of NPDCCH is 2048 indicated by the RRC, however, the maximum scheduling delay indicated in DCI is 1024 subframes, which means the indicated scheduling delay value should be increased to 2048 subframes at least. It is not preferred to increase the DCI size, therefore, in order to support the case that repetition number of NPDCCH is 2048, the scheduling delay table for multicast DCI in R16 can be modified as following
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	0
	0
	0
	0
	0
	0

	1
	4
	16
	1
	4
	32

	2
	8
	32
	2
	8
	64

	3
	12
	64
	3
	16
	128

	4
	16
	128
	4
	32
	256

	5
	32
	256
	5
	64
	512

	6
	64
	512
	6
	128
	1024

	7
	128
	1024
	7
	256
	2048


For the R16 UEs multicast service, the modified scheduling delay is not only designed for back compatibility. It also can be used to schedule the multiple TBs without legacy UEs. The extended scheduling delay can be more appropriate to schedule R16 UE with multi-TBs scheduling feature.
Proposal 4: For backward compatibility, scheduling delay field for R16 UEs multicast service is modified as the following:
	

	


	
	

	


	0
	0
	0

	1
	4
	32

	2
	8
	64

	3
	16
	128

	4
	32
	256

	5
	64
	512

	6
	128
	1024

	7
	256
	2048



As for the enabling method, DCI indication is dynamic and it costs the DCI overhead. Therefore, the gap configuration can be indicated in SC-MCCH, which shows more flexibility than SIB configuration. As aforementioned, there are 2 main cases for the gap usage, one for UE processing, and another for back compatibility. Therefore, 1 bit in SC-MCCH can be used to indicate the 2 cases. For example, value 0 indicates the UE processing scenario and gap value is fixed. And value 1 indicates the back compatibility scenario.
Proposal 5: 1 bit in SC-MCCH indicates UE processing scenario or back compatibility scenario.
Multi-TBs scheduling with DCI for unicast
 Interleaving 
3.1.1 Interleaving granularity
In last meeting, it is agreed that 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. In this meeting, N should be decided. Considering the RV cycling and repetition cycling, the illustration is shown in the following
[image: 5]
Figure 3. RV cycling with interleaving granularity 4 and 8
It is observed that for the case N=4, 1 TB only has 1 RV which causes the performance degradation. For the case N=8, this problem does not exist, therefore, N=8 is preferred.
Proposal 6: For the uplink multi-tone case, N is fixed to 8. 
As for single tone case, RV cycling and repetition cycling also should be considered. Similarly, the 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 to 8. If the interleaving granularity is less than 8*NRU *NULslots, then the other specification efforts should be considered. For simplicity, the interleaving granularity of single tone case can reuse 8*NRU *NULslots
Proposal 7: For the uplink single tone case, the interleaving granularity is the same with multi-tone case.
Additionally, on one hand, the time diversity gain from interleaving is limited due to the 2 HARQ processes. On the other hand, the Interleaving requires larger processing buffer, higher UE complexity and higher power consumption. Therefore, it can be a UE optional feature and the eNB configure it if necessary.
Proposal 8: Interleaving can be a UE optional feature.
 Others 
3.2.1 DL gap





Some contributions [2] pointed out that the DL gap mechanism should be updated since two continuous NPDSCHs scheduled by one DCI may block the DL channel in case . Keep the purpose of DL gap unchanged, designed to avoid UL blocking due to DL continuous transmission. Based on the legacy threshold set with 2 bits {32,64,128,256}, if the new  is considered, the value should be smaller to satisfy the multi-TBs feature. However, the smaller threshold value configured by high layer is not appropriate for single TB scheduling, when multi-TBs scheduling feature is configured. Therefore, in order to keep the single TB case unchanged when multi-TBs feature is configured or not, the threshold configured by high layer should be reused. The channel blocking issue by 2 TB scheduling can be solved by defining the new behavior. For example, when the threshold is configured as  and the UE regard it as  if 2 TBs is scheduled. Correspondingly, the eNB insert the gap when  and 2 TBs is scheduled.

Proposal 9: For NPDSCH,  value is reused, for single TB scheduling, with or without configuring the multi-TBS scheduling feature, the threshold value is the same.

--for 2 TB scheduling, the actual threshold value is 
3.2.2 Bundling
For the non-interleaving case in NB-IoT, one TB may last very long and occupy the long time resources, which causes the 2 TBs if scheduled are different in many cases. Therefore, considering the cost of retransmission by bundling, there is no need to support bundling for non-interleaving case.
Proposal 10: For the non-interleaving case, the bundling is not supported.
[bookmark: OLE_LINK1][bookmark: OLE_LINK38][bookmark: OLE_LINK37] R14/R15 features
Features in R14 and R15 can be considered to support multi-TBs scheduling. Feature of 2 HARQ processes is certainly supported. As for the feature of larger maximum TBS in R14, it helps improving the transmission rate. The fields related to TBS determination including MCS and RU number are agreed to be the common parameter. Therefore, it can be considered to support the multi-TBs scheduling.
Proposal 11: The feature of larger maximum TBS in R14 can be considered to support multi-TBs scheduling.
Conclusion
[bookmark: OLE_LINK41]In this contribution, we have discussed the scheduling enhancement for NB-IoT. We make the following proposals:
Proposals:
Proposal 1: Confirm the following work assumption:
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)
Proposal 2: For the case of gap inserted every continuous transmission of 2 TBs, the gap value can be fixed
Proposal 3: For backward compatibility
--Gap is inserted after continuous transmission of 1 TB.
--Gap value can be the same with the scheduling delay indicated in the new NPDCCH .
Proposal 4: For backward compatibility, scheduling delay field for R16 UEs multicast service is modified as the following:
	

	


	
	

	


	0
	0
	0

	1
	4
	32

	2
	8
	64

	3
	16
	128

	4
	32
	256

	5
	64
	512

	6
	128
	1024

	7
	256
	2048


Proposal 5: 1 bit in SC-MCCH indicates UE processing scenario or back compatibility scenario.
Proposal 6: For the uplink multi-tone case, N is fixed to 8. 
Proposal 7: For the uplink single tone case, the interleaving granularity is the same with multi-tone case.
Proposal 8: Interleaving can be a UE optional feature.

Proposal 9: For NPDSCH,  value is reused, for single TB scheduling, with or without configuring the multi-TBS scheduling feature, the threshold value is the same.

--for 2 TB scheduling, the actual threshold value is 
Proposal 10：For the non-interleaving case, the bundling is not supported.
Proposal 11: The feature of larger maximum TBS in R14 can be considered to support multi-TBs scheduling.
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