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[bookmark: OLE_LINK23]Introduction
In the last RAN1 #98 meeting [1], we have the following agreements: 
Agreements:
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 document, the remaining issues are discussed.
Multi-TBs scheduling with DCI for Multicast  
There are mainly two methods for multiple TBs scheduling in multicast, namely new DCI format and skipping DCI method. Based on this, three options are down-selected and the decision should be made in this meeting:
Option1: Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
Option2: Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
Option3: Support both option1 and option2.
Both option1 and option2 support SC-PTM service targeting legacy and/or new UEs. From the perspectives of flexibility and network overhead, we give the following analysis.
Compare with new DCI method, the number of TBs during an SC-MCCH scheduling period in skipping DCI method needs to stay unchanged, which limits the scheduling flexibility, which is shown in the following figure. 
[image: 1]
Figure 1. Flexibility comparison between option1 and option2
From the figure, we can see, on one hand, the burst transmission is not appropriate for the option2 because of the limited flexibility. On the other hand, in the SC-MCCH period, the resource location is predefined, which would be affected by the occupied resources. Besides, the limited scheduling flexibility may cause the long transmission, which brings the power consumption and lower data rate. 
As for the point that option1 increases the network overhead, we should notice that additional one DCI is acceptable and it reduces the power consumption for R16 UE. Additionally, considering that multicast services with R14 and R15 feature have not been deployed yet, option1 has little impact on the network. Therefore, new DCI method is preferred to schedule multi-TBs for multicast system especially for R16 UE.
From the above analysis about the comparison between option1 and option2, we can draw the following observation:
Observation 1:
-Both option1 and option2 support SC-PTM service targeting legacy and/or new UEs
-Option2 shows less scheduling flexibility, which may cause the higher power consumption and lower data rate. 
-Option1 has little impact on the network overhead.  
Some contributions suggest that both option1 and option2 can be supported. However, the functions of the two methods are somewhat duplicated. Therefore, the introduction of two options, which may cause the greater complexity, is unnecessary. Moreover, in order to provide the multicast service for legacy UE and avoid resources waste, RAN2 intends to support separate/shared SC-MTCH segments and option 1 is more suitable for case of separate SC-MTCH segments. Furthermore, new DCI method has been agreed in last meeting for MTC. As reference, we have the following proposal:
Proposal 1: Modifying existing DCI can be considered for the multi-TBs scheduling for multicast.
The maximum number of TBs is 8 for multicast, additional 3 bits in DCI to indicate the scheduling information of 8 TBs is necessary.
Proposal 2: Introduce additional 3 bits in DCI to indicate the scheduling information of 8 TBs.
In last meeting, non-continuous transmission was supported. For the IoT UE, there mainly are 2 scenarios
Scenario 1: gap is inserted every continuous transmission of 1 TB
Scenario 2: gap is inserted every continuous transmission of 2 TBs
For scenario 1, it is mainly for back compatibility and it also can be used to support the UE with single process capability. For scenario 2, it is mainly for UE processing with 2 HARQ processes capability. Both cases are shown in the following figure.
[image: 4]
Figure 2. Scenario 1: gap inserted every continuous transmission of 1 TB
[image: gap2]
Figure 3. Scenario 2: gap inserted every continuous transmission of 2 TBs
As we can see from the figure in scenario 1, the shortest gap length is the sum of MPDCCH2 and the scheduling delay between MPDCCH2 and PDSCH2, which is similar with the scheduling delay (k0+4) indicated in NPDCCH0. 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. 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 .
For scenario 1, the maximum repetition number of NPDCCH is 2048 indicated by the RRC, however, the maximum scheduling delay indicated in DCI is 1024 subframes. 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


 

Table 1. for DCI format N1
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Modified 

	

	

	

	


	
	

	

	
	

	


	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



For 2 HARQ processes capable UE, in order to finish the transmission earlier, the gap for scenario 2 should be as short as possible, and 12ms processing time for every 2 TBs is enough when discussing the ACK/NACK delay.  Therefore, 
Proposal 5: For UE processing at receiver, the gap value can be 12 ms and inserted every continuous transmission of 2 TBs.
As for the configuration 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.
Multi-TBs scheduling with DCI for unicast
[bookmark: OLE_LINK13] Performance improvement with large TBS
Similar with the 1 HARQ process corresponding to multiple TBs proposed by HW, we have the significant performance gain by increasing the mapping RUs number. The total resources are kept unchanged and the simulation results are shown as follows.
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Figure 4. Performance simulation results of increasing mapping RU number
[bookmark: OLE_LINK5]And the exact MCS and RU number in simulation is shown in the following table with green.
Table 2: Transport block size (TBS) table for NPUSCH and NPDSCH.
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	8
	120
	256
	392
	536
	680
	808
	1096 
	1384 

	9
	136
	296
	456
	616
	776
	936
	1256 
	1544 

	10
	144
	328
	504
	680
	872
	1000
	1384 
	1736 

	11
	176
	376
	584
	776
	1000
	1192
	1608 
	2024 

	12
	208
	440
	680
	1000
	1128
	1352 
	1800 
	2280 

	13 
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 


More specifically, the detailed performance comparison by combining the table 2 and simulation results is shown in the following table.
Table 3: Detailed performance comparison
	

	TBS
	RU number 
	Repetition number 
	Code rate
	SNR point at BLER=10%
	Performance improvement

	13
	2536 bits
	10
	16
	0.834
	-1.4 dB
	2.4 dB

	
	
	20
	8
	0.417
	1  dB
	

	
	1544 bits
	6
	16
	0.846
	-1.9  dB
	2.7dB

	
	
	12
	8
	0.423
	0.8  dB
	

	9
	1544 bits
	10
	16
	0.508
	-4.1  dB
	0.8dB

	
	
	20
	8
	0.254
	-3.3  dB
	

	
	936 bits
	6
	16
	0.513
	-3.4  dB
	0.7dB

	
	
	12
	8
	0.257
	-2.7  dB
	

	4
	680 bits
	10
	16
	0.224
	-5.6  dB
	0.3dB

	
	
	20
	8
	0.112
	-5.3  dB
	

	
	408 bits
	6
	16
	0.224
	-6.5  dB
	0.2 dB

	
	
	12
	8
	0.112
	-6.3  dB
	


Based on the performance comparison result, we have
Observation 2: 
For the large TBS case, increasing the mapping RU number while keeping the total resources unchanged improve performance more than 2 dB.

For the case the RUs number <=5, we always can find a similar TBS value which provide more RUs number. Therefore, the main case should be focused on the RUs number larger than 5. additionally, it is noticed from the figure that the  should be no less than 9 if more than 0.5 dB SNR gain is expected. Therefore, 

Proposal 6: When the repetition number is more than 1, for the case  , the RUs number should be doubled with the repetition number reduced by half.

 Interleaving 
3.1.1 Interleaving granularity
The interleaving granularity X design can be mainly based on the following 2 options:
1. Based on the number of subframes X, e.g. X={1,2,4,8}
2. Based on the repetition number of TBs Y, e.g. Y={1,2,4,8}, the granularity is Y*NRU*LRU, where NRU is the number of RUs and LRU is the number of subframes occupied by 1 RU.
The main difference between the 2 options is that the former makes the interleaving granularity as small as possible, while the latter makes the interleaving granularity larger. The coding complexity, the impact on RU and RV, and the performance of the two methods are compared and analyzed as follows.
1） Coding complexity
Different granularity causes the different processing complexity and power consumption. The process of coding in uplink is shown as follows. 2 TBs are scheduled with the repetition number R, and each TB needs to be coded once in the ring buffer. After the first TB, TB2 starts to be encoded. When the interleaving feature was enabled and the granularity is based on granularity=1 subframe, then 2 TBs with repetition number R needs to be coded 2R times and the number of operations to release the buffer is 2R-1 times.

[image: 5]
Figure 5. Processing buffer and complexity for interleaving 
In conclusion, based on the number of subframes X, the number of encoding operations for interleaving is R*NRU*LRU/X times that of non-interleaving case, where NRU is the number of RUs and LRU is the number of subframes occupied by 1 RU. Based on the repetition number of TBs Y, the number of encoding operations for interleaving is R/Y times that of non-interleaving case. More specifically, based on the interleaving granularity=1 subframe, the number of encoding operations is 2R*NRU*LRU. When R=128, RUs number is 10, RU length is 32 ms, the number of coding operations for granularity=1 subframe is 40960 times that of the original non-interleaved case. However, for the Y=4 case, it is only 32 times that of the non-interleaved case.
Observation 3: For the uplink multi-TBs scheduling with interleaving granularity G=1 and G=4*NRU*LRU, the maximum difference in the number of encoding operations is 1280 times, where NRU is the number of RUs, LRU is the number of subframes occupied by 1 RU.
2）Impact on RU mapping and RV cycling
In order to obtain the symbol combine gain in the downlink transmission, RU repetition was supported for the legacy UE. When the interleaving granularity is set as 1 subframe or 2 subframes, it does not help to obtain the symbol merge gain, unless the RU mapping rule is changed. Based on the different granularity, keeping the same RU mapping rule for each TB, the illustration is shown as follows
[image: 3]
Figure 6. Impact on RU mapping by interleaving
Observation 4: For the downlink transmission, the interleaving granularity should be no less than 4*NRU subframes, otherwise, it would violate the consistency of legacy RU mapping rule.
In the uplink transmission, RU mapping issue is similar to the downlink scenario. Moreover, RV cycling was supported for uplink. Therefore, when the granularity is small, the RU mapping and RV cycling method which is based on NPUSCH subframes (slots) have to be modified.
Observation 5: For the uplink transmission, the interleaving granularity should be no less than 4*NRV*NRU*LRU subframes, where NRU is the number of RUs, LRU is the number of subframes occupied by 1 RU and NRV is the number of RV s for uplink, otherwise, it would violate the consistency of legacy RU mapping rule and RV cycling rule.
3） Performance comparison
For the small repetition case, the interleaving gain is not obvious, and the different interleaving granularity may have similar performance. Therefore, based on larger repetition number and different interleaving granularity, we give the following simulation result.
[image: test4]
Figure 7. Repetition number=64, RUs number=4, interleaving granularity={1,4,8,16,256}
Observation 6: For the large repetition number case, the interleaving granularity based on the number of subframes X or based on the repetition number of TBs Y has the similar performance.
In conclusion, the option1 based on the number of subframes X has more coding complexity, and it also would break the consistency of legacy RU mapping rule and RV cycling rule. Moreover, option 1 has similar performance with option 2 based on the repetition number of TBs Y. Therefore, option 2 based on the repetition number of TBs Y should be supported, where the minimum Y is 4 for the same RU mapping rule, which means the minimum interleaving granularity for downlink is 4*NRU*LRU subframes and 4*NRV*NRU*LRU for uplink. 
Proposal 7：Interleaving granularity is RRC configured and the value shall be multiples of NRU*LRU, where NRU is the RUs number and LRU is the number of subframes occupied by 1 RU.
3.2.3 Interleaving enabling
Obviously, in the case of single TB scheduling and granularity less than repetition number, the interleaving cannot be triggered. Therefore, the hidden enabling method is that the TBs number is 2 and repetition number is larger than G. 
Proposal 8: For multiple TB scheduling, interleaving should be disabled if the repetition number is equal or less than the RRC configured interleaving granularity.
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 9: Interleaving can be a UE optional feature.
[bookmark: _GoBack] 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 . However, the DL gap is designed mainly to avoid UL scheduling block due to DL continue transmission. Additionally, the legacy gap duration is not that long and the maximum value is 256. The maximum repetition number of PDSCH is 2048. Therefore, the main purpose of DL gap is not used for the PDSCH transmission. Therefore, the DL gap does not need to be changed. 
Proposal 10: The DL gap mechanism should keep the same as legacy method.
[bookmark: OLE_LINK15][bookmark: OLE_LINK1] Feedback
1) Feedback mechanism for NB-IoT
[bookmark: OLE_LINK37]Bundling multiple HARQ processes with 1 bit feedback helps save the uplink resources. However, a TB decoding failure may cause all TBs to be retransmitted, which cause the serious resource waste and less available resources. From the perspective of effectiveness, bundling should not be supported for non-interleaving transmission. For the interleaving case, since the performance of 2 TBs is similar, bundling can be considered
[bookmark: OLE_LINK36]Proposal 11: Bundling should not be supported for non-interleaving transmission in unicast and it can be considered for interleaving case.
2) ACK/NACK resource for individual feedback






[bookmark: OLE_LINK38]The timing of the ACK/NACKs for the scheduled TBs is with respect to the last TB scheduled by the DCI. For the single TB case, it is the same as legacy method. The UE shall upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an ACK/NACK shall be provided, start, after the end of DL subframe for FDD, where ,  for  and   for 
As for the 2TB cases, detailed value can be described as 2 cases, shown in the following figure:
[image: 9]
Figure 8. Timing delay methods
For case1, the shorter delay would be designed which helps finish the transmission. Therefore, supporting case 1 has the priority. 












When the DCI indicates the single TB scheduling, some legacy  values should be reused, e.g, 13 and 17. When the 2 TBs are scheduled and and the repetition number of TB2 is 8,  should be 5 at least and 8 ms can be saved compared with legacy method for =13 . If the repetition number of TB2 is 4, the  should be at least 9 and 4 ms saved similarly.  can be used for the case of repetition number of TB2 less than 4.  can be any aforementioned value for the case of the TB2 repetition number larger and equal to 12. Therefore, for the single TB scheduling, legacy can be reused. For the 2 TBs scheduling, scheme1 with new  can be described as  for , and for the  case , the , which is shown in the following table

Table 4: Scheme1: ACK/NACK subcarrier and updated  for NPUSCH 
	15Khz
	3.75khz

	ACK/NACK resource field
	ACK/NACK subcarrier 
	

	ACK/NACK resource field
	ACK/NACK subcarrier 
	


	0
	0
	5
	0
	38
	5

	1
	1
	5
	1
	39
	5

	2
	2
	5
	2
	40
	5

	3
	3
	5
	3
	41
	5

	4
	0
	9
	4
	42
	5

	5
	1
	9
	5
	43
	5

	6
	2
	9
	6
	44
	5

	7
	3
	9
	7
	45
	5

	8
	0
	13
	8
	38
	13

	9
	1
	13
	9
	39
	13

	10
	2
	13
	10
	40
	13

	11
	3
	13
	11
	41
	13

	12
	0
	17
	12
	42
	13

	13
	1
	17
	13
	43
	13

	14
	2
	17
	14
	44
	13

	15
	3
	17
	15
	45
	13



Compared with the scheme2 in [2] , for the case repetition number of TBs is {1,2,4,8}, the scheme2 in [2] means that the  should be {12, 14, 16, 18}, which only reduces 1 ms delay. As aforementioned before, the reduced delay is 4 ms for repetition number 4, and 8 ms for repetition number 8
Therefore, for the case repetition number of TBs {1,2,4,8}, the scheme1 has more flexibility and saves more timing delay. Additionally, the scheme2 in [2] is more complex and scheme1 has a simpler designed rule and also satisfy the flexibility requirement. Therefore, we have the proposal:






Proposal 12: For individual feedback of 2 TB case, continuous uplink feedback starts, after the end of  DL subframe for FDD, where  is updated as   for and  for . 
 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 13: 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 observations and proposals:
Observations:
Observation 1:
-Both option1 and option2 support SC-PTM service targeting legacy and/or new UEs
-Option2 shows less scheduling flexibility, which may cause the higher power consumption and lower data rate. 
-Option1 has little impact on the network overhead.  
Observation 2: 
For the large TBS case, increasing the mapping RU number while keeping the total resources unchanged improve performance more than 2 dB
Observation 3: For the uplink multi-TBs scheduling with interleaving granularity G=1 and G=4*NRU*LRU, the maximum difference in the number of encoding operations is 1280 times, where NRU is the number of RUs, LRU is the number of subframes occupied by 1 RU.
Observation 4: For the downlink transmission, the interleaving granularity should be no less than 4*NRU subframes, otherwise, it would violate the consistency of legacy RU mapping rule.
Observation 5: For the uplink transmission, the interleaving granularity should be no less than 4*NRV*NRU*LRU subframes, where NRU is the number of RUs, LRU is the number of subframes occupied by 1 RU and NRV is the number of RV s for uplink, otherwise, it would violate the consistency of legacy RU mapping rule and RV cycling rule.
Observation 6: For the large repetition number case, the interleaving granularity based on the number of subframes X or based on the repetition number of TBs Y has the similar performance.
Proposals:
Proposal 1: Modifying existing DCI can be considered for the multi-TBs scheduling for multicast.
Proposal 2: Introduce additional 3 bits in DCI to indicate the scheduling information of 8 TBs.
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: For UE processing at receiver, the gap value can be 12 ms and inserted every continuous transmission of 2 TBs.

Proposal 6: When the repetition number is more than 1, for the case  , the RUs number should be doubled with the repetition number reduced by half.
Proposal 7：Interleaving granularity is RRC configured and the value shall be multiples of NRU*LRU, where NRU is the RUs number and LRU is the number of subframes occupied by 1 RU.
Proposal 8: For multiple TB scheduling, interleaving should be disabled if the repetition number is equal or less than the RRC configured interleaving granularity.
Proposal 9: Interleaving can be a UE optional feature.
Proposal 10: The DL gap mechanism should keep the same as legacy method.
Proposal 11: Bundling should not be supported for non-interleaving transmission in unicast and it can be considered for interleaving case.






Proposal 12: For individual feedback of 2 TB case, continuous uplink feedback starts, after the end of  DL subframe for FDD, where  is updated as   for and  for . 
Proposal 13: The feature of larger maximum TBS in R14 can be considered to support multi-TBs scheduling.
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Annex
Table 2 Simulation assumption
	Parameter
	Value

	System bandwidth
	180 kHz

	Carrier frequency
	900 MHz

	Operation mode
	Stand alone

	Antenna configuration
	2T1R

	Channel model
	TU 1Hz

	Channel estimation
	Realistic cross-subframe channel estimation

	Number of subframes (Nsf)
	6
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