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[bookmark: OLE_LINK23]Introduction
In the last RAN1 #98bis meeting [1], we have the following agreements and work assumption: 
[bookmark: OLE_LINK42]Agreements in meeting #98bis: 

Agreement
The unicast multi-TB feature is enabled separately for DL and UL

Agreement
For unicast, scheduling gaps can be configured separately for DL and UL by RRC
· Dynamic activation/deactivation of scheduling gaps via DCI is FFS.

Agreement
For UEs that support multi-TB scheduling with HARQ-ACK bundling, the bundling is enabled/disabled/configured by RRC and the actual bundle size is indicated by DCI

Agreement
· For UEs that support multi-TB scheduling with HARQ-ACK bundling, the maximum bundle size is 4.
· Strive to reuse Rel-14 HARQ-ACK bundling feature as baseline at least for the non-interleaving case
Agreement
· For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on MCS.
· FFS for > 2TBs
· For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on RA.
· FFS for > 2TBs
· FFS for CE mode B

Agreement
For DCI contents for scheduling multiple DL/UL transport blocks for CE mode A, down select one from following options in R1-1911381 for HARQ ID, NDI and number of scheduled HARQ processes.
· Option 1
· Option 3/5

Agreement
For unicast in CE mode A, for the purpose indicating the number of TBs, select Option 2, i.e.:
· A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs
· FFS: Details on how to indicate the exact number of TBs in case it is multiple

Agreement
For unicast in CE mode B, for the purpose indicating the number of TBs, select Option 2, i.e.:
· A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs
· FFS: Details on how to indicate the exact number of TBs in case it is multiple

Conclusion
For multicast, interleaving is not supported

Agreement
For multicast, the scheduling gap configuration indicates:
· Scheduling gap duration with granularity(FFS)
· FFS: Scheduling gap periodicity
· FFS: Other scheduling gap properties

Agreement 
For unicast, the scheduling gap configuration indicates:
· Scheduling gap duration with granularity(FFS)
· FFS: Scheduling gap periodicity
· FFS: Scheduling gap time offset
· FFS: Threshold for enabling scheduling gap 

Agreement
For unicast, a scheduling gap containing an MPDCCH transmission can be used for indication of early termination of ongoing PUSCH transmission(s).
· FFS: Whether a UE is required to monitor MPDCCH during the scheduling gap
· FFS: Whether the above also applies for PDSCH

Agreement
Unicast multi-TB scheduling can be configured and used together with at least the following other features:
· Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz in CE mode A
FFS till RAN1#99 whether unicast multi-TB scheduling can be configured and/or used together with the following other features:
· Rel-14 feature for new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A
· Rel-14 feature for modulation restrictions for PDSCH/PUSCH in CE mode A
· Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
· Any other feature that was supported since Rel-13 LTE eMTC
In this document, the remaining issues are discussed.
Multi-TBs scheduling for Multicast  
For the only R16 UE case, the gap can be set as 0 to complete the transmission as soon. For the legacy and new UEs case, the gap should be at least no less than the sum of length of MPDCCH and length of the delay between MPDCCH and PDSCH. The detailed gap design is targeting legacy and new UEs. 

[image: 9]
Figure 1. Gap for R16 UE and legacy UE
In order to finish the transmission as soon as possible, assume that there is no gap between PDSCH1 and MPDCCH2, which means that the gap between 2 TBs is the sum of length of MPDCCH and length of the delay between MPDCCH and PDSCH. Therefore, at least 2 values for gap including 0 can be considered. As for another value, it can be seen that the minimum value is the legacy MPDCCH length. Therefore, it is proposed that
Proposal 1: Gap value for multicast set as follows
--For non-backward compatible deployment requirement, gap value can be zero (no gap is needed).
--For backward compatible deployment scenario, gap value can be decided by MPDCCH length. 
More specifically, semi-static gap shows less flexibility than dynamic gap. Therefore, the gap value can be described as  LGAP=A1*r*Rmax, where A1 is coefficient, and r is indicated by the DCI subframes repetition field. As for A1, obviously, A1=0 should be at least provided for non-back compatible case and A1=1 for back compatible case, and if necessary, other values can be discussed.
Proposal 2: For backward compatible scenario, gap is inserted before every continuous transmission of one TB and the value is LGAP=A1*r*Rmax, where r is indicated by DCI subframes repetition field. A1 is cell-specifically configured by high layer and at least includes {0,1}
Multi-TBs scheduling with DCI for unicast
 Interleaving 
[bookmark: OLE_LINK12]3.1.1 Interleaving with RV cycling

According to the legacy RV method, for BL/CE UEs, the PUSCH transmission spans [image: ] consecutive subframes including non-BL/CE subframes where the PUSCH transmission is postponed. For the [image: ] block of [image: ]consecutive subframes within the set of [image: ] subframes, the redundancy version (rvidx) is determined by using . For CE mode A/B, the reused RV method can be shown as following when interleaving feature was configured.
[image: 11]
Figure 2. Different interleaving granularity for RV cycling for CE mode A
[image: 14]
Figure 3. Different interleaving granularity for RV cycling for CE mode B
The number of scheduled TBs is uncertain for next transmission. From figure 2, when the granularity is set as 1 or 2 subframes, the full RV gain cannot be obtained. From figure 3, when the interleaving granularity is set less than 16, the full RV gain for CE mode B can not be obtained. Therefore, we have the following observation
Observation 1: When the interleaving granularity is no less than Nacc*NRV, the benefit of RV cycling can be maintained, where NRV is the number of RVs and Nacc means the number of consecutive subframes in each block.
Some contributions pointed out that each TB changes its RV based on the number of its own transmitting subframes. However, for the legacy RV design, it needs to calculate the starting subframe and even includes the non-BL/CE subframes. Obviously, calculating the starting subframe for each TB is more complex and more specification efforts is needed. Therefore, legacy RV cycling method can be reused instead of the new rule.
3.1.2 Interleaving with hopping
We should notice the fact that hopping was supported in R13 and interleaving should not decrease the hopping performance. However, if the interleaving granularity is fixed to X, where X is a small value, the following problem would be caused.
[image: 6mtc]
Figure 4. Interleaving with hopping
More specifically, if the value granularity is less than N*Ych, where N={2,4} is the number of narrowbands and Ych is hopping granularity, the aforementioned problem in figure 4 would happen. Obviously, if one TB is always on the same narrowband, there is no frequency diversity gain for the TB, which should be avoided.
Observation 2: The case that one TB cannot hop through all the narrow bands should be avoided.
In order to promise the TB can hop through all narrow bands and RV cycling can be reused, the interleaving granularity can be set as 4*Ych for hopping case and 4 for non-interleaving case for CE mode A. for CE mode B, the interleaving granularity can be set as 16*Ych for hopping case and 16 for non-hopping case. Therefore, we have the proposal:
Proposal 3:
For CE mode A,
-If hopping feature is configured and enabled by DCI, interleaving granularity is 4*Ych
--If hopping feature is configured and disabled by DCI, interleaving granularity is 4
--If hopping feature is not configured, interleaving granularity is 4
For CE mode B
-If hopping feature is configured, interleaving granularity is 16*Ych
--If hopping feature is not configured, interleaving granularity is 16
When the interleaving feature was configured by high layer, there should be an implicit enabling condition: the repetition number should be larger than the interleaving granularity and the number of scheduled TBs should be larger than 1. Therefore, similar with the conclusion in NB-IoT, we have
Proposal 4: When the repetition is less than the granularity, interleaving is not supported
 Gap configuration
3.2.1 Gap applicability
The gap was supported with the different purposes from different contributions, mainly including time diversity gain, UEs scheduling, and early termination. In fact, for other UEs’ scheduling problem, it can be avoided by the multiple narrowbands unlike NB-IoT. Therefore, it is not the key point. According to the simulation results, time diversity gain can be achieved especially for the interleaving case. As for the early termination, it is beneficial for interleaving case because the scheduled TBs’ performance are similar and they can be terminated together to save the resource wasting. However, for non-interleaving case, early termination can be similar with the single TB case. Therefore, gap introduction is not necessary for non-interleaving case.
Observation 3: Multiple narrowbands mechanism can be used to solve the channel blocking problem for MTC UEs when multiple TBs are scheduled. 
Observation 4: Gap introduction is beneficial for obtaining time diversity gain and improving early termination especially for interleaving case.
Proposal 5: Gap is only supported for interleaving case.
3.2.2 Gap position
In NB-IoT, the gap position is based on the system frame number. However, there is no transmission blocking problem for MTC UEs because of multiple narrowbands. Besides, the starting position based on SFN would destroy the integrity of an interleaved block and have an impact on the early termination performance. The illustration is shown in the following
[image: 1]
Figure 5. Gap method comparison
For method 1, different TB may have different performance because of the gap position. Therefore, method 2 based on interleaved block is more beneficial to obtain uniform performance for each TB, which means that the early termination can be further triggered before the gap. 
Observation 5: Gap based on the interleaved block is more beneficial to obtain similar performance for each TB and trigger the early termination.
Proposal 6: Gap position should be based on the interleaved blocks.
For FD-FDD UE, the early termination for downlink is not supported because it needs the uplink feedback resources which will introduce more UE cost complexity. Considering the multi-TBs scheduling case, these problems will be even more serious. Therefore, the gap configuration does not help support DL early termination. For the ongoing uplink transmission, early termination was supported in last meeting. However, the details should be clarified. 
For non-interleaving case, the legacy mechanism can be reused to terminate the current transmitted TB. However, for the interleaving case, especially for the small interleaving granularity, the legacy mechanism should be modified. For example, for the multi-TBs scheduling case, number of TB and corresponding process location to be terminated should be clear, which is shown in the flowing figure
[image: 8]
Figure 6. Early termination in the gap 
Obviously, the UL grant1 has more flexibility, even when the bundling and interleaving feature is configured or not. When the early termination is triggered, the other fields in DCI can be repurposed for indicating the termination. For simplicity, bitmap method can be used. More specifically, for CE mode A, 8 bits bitmap for maximum 8 HARQ processes is necessary and 4 bits for CE mode B similarly. Except the flag format 6-0A/format 6-1A differentiation, DCI subframe repetition number and RA, other fields can be repurposed, e.g, MCS 4 bits, RV 2bits and repetition number 2bit，These fields add up to 8 bits. However, we also don’t need to change the existing description in the specification. 8 bits from the HARQ process and NDI indication is enough, and the other fields stay unchanged.
Proposal 7: For CE mode A, if resource block assignment in format 6-0A is set to all ones, the indication of ACK feedback is triggered.
--8 bits from the HARQ process and NDI indication is used to indicate the terminated HARQ index with bitmap method. 
For CE mode B, similarly 4 bits can be used to indicate the TB termination with bitmap method. And 4 bits from the Resource block assignment field is enough. However, the triggering method is different from the legacy, because the MCS can be used to reduce the DCI size for multi-TB scheduling case. As shown in table 1, the indication of ACK feedback is triggered if b(0)~b(4) is set as zeros.
Proposal 8: For CE mode B, if 5 MSB bits for HARQ processes and NDI is set to all zeros, the indication of ACK feedback is triggered.
--4 MSB bits in Resource block assignment is repurposed to indicate the termination with bitmap method. 
3.2.3 Gap enabling
If DCI indicates the gap enabling, the DCI size would increase which is sensitive for multi-TBs scheduling scenario. Therefore, the dynamic activation with 1 bit in DCI is necessary. Instead, if the number of repetitions and number of TBs are small, there is no need to add the gap, which would introduce longer delay, lower rate and limited performance improvement. Therefore, based on setting the threshold, dynamic enabling method can be considered. It is proposed that

Proposal 9: Gap is only enabled if the product of number of repetitions and number of TBs are larger and equal to the RRC configured threshold .
3.2.4 Detailed gap design
Detailed gap design includes the gap duration in number of subframes, and gap position. Similar with NB-IoT gap, the gap duration can be configured by higher layer. As for the gap position, it should be based on the interleaved block according to the aforementioned description.
Proposal 10: For Gap design, the following should be supported:
--Gap duration is RRC configured 
--Gap position satisfies that:


 Gap is inserted by every other  subframes, where G is the interleaving granularity, NTB is the TBs number scheduled in DCI, and  is RRC configured threshold. 
 Mixed scheduling 
[bookmark: OLE_LINK15][bookmark: OLE_LINK1]3.4.1 Mixed scheduling for CE mode B
1) Scheduling scheme
4 HARQ processes are supported for CE mode B. For CE mode B, the maximum overhead is 7 bits by joint coding of HARQ processes and NDI. For the purpose of saving DCI overhead, the HARQ processes can be limited to continuous HARQ processes for the scheduling, because if most the continuous HARQ processes are provided, arbitrary retransmitted HARQ process can be matched with the continuous HARQ processes. In this case, the overhead for HARQ process ID and NDI can be 6 bits. 
For the PRB assignment, for CE mode B downlink, the PRB assignment is 1 bit with 2 options (4 PRB and 6 PRB). For CE mode B uplink, the PRB assignment is 3bit and the legacy indication is shown as follows
Table 3. Uplink PRB assignment for CE mode B
	Value of resource allocation field 
	Allocated resource blocks 

	'000'
	0

	'001'
	1

	'010'
	2

	'011'
	3

	'100'
	4

	'101'
	5

	'110'
	

 and 

	'111'
	

 and 


Obviously, reducing the PRB assignment 1 bit means that half of the flexibility would be lost. Therefore, for CE mode B, the PRB assignment field is not supported to reduce. 
As for the MCS field with 4 bits, it has only 10 options for downlink and 11 options for uplink. 3 bits for MCS is expected if the MCS options with green are excluded. The legacy TBS table is shown as follows
Table 4. MCS options for CE mode B
	MCS Index
[image: ]
	TBS Index
[image: ]
	MCS Index
[image: ]
	TBS Index
[image: ]

	0
	0
	0
	0

	1
	1
	1
	1

	2
	2
	2
	2

	3
	3
	3
	3

	4
	4
	4
	4

	5
	5
	5
	5

	6
	6
	6
	6

	7
	7
	7
	7

	8
	8
	8
	8

	9
	9
	9
	9

	10
	9
	downlink

	uplink
	





With the HARQ process restriction and MCS options reducing to 3bits, DCI size increasing may be no more than 3 bit with the purpose of saving DCI overhead. Notice that if MCS and HARQ process scheduling information are joint encoded, 4 bits increasing is enough, which provides the full flexibility.
Observation 6: For CE mode B, 
--If DCI size increase is no more than 3 bits, the 6 bits scheme with selected HARQ processes and 3 bits MCS are proposed.
-If DCI size can be increased to 4 bits, the full scheduling flexibility should be provided.
2) DCI design
As for the other fields in DCI for CE mode B, there seems to be no space to reduce. Additionally, if the MCS are reduced to 8 options, the determination of early termination may should be based on other fields, therefore we have the DCI design with the purpose of less DCI size.
Table 5. DCI design with increasing 3 bits for CE mode B for less DCI size
	b(0)
	b(1)
	b(2)
	b(3)
	b(4)
	b(5)

	1
	Mixed scheduling(different NDI) with 5 bits

	0
	HARQ ID bitmap(0000 is used for early termination)
	NDI(when the NDI value is the same)


However, if 4 bits increasing in DCI in acceptable, the full flexibility for CE mode B should be considered. More specifically, legacy MCS , HARQ process and NDI are 6 bits in total. Now 10 bits is enough to indicate them with the joint coding. The straight method is listing a table for 10 bits, however, it is a little complicated to capture in the spec. For simplicity, the MCS and the state indicating HARQ ID and NDI can be described as following method.








Notice the fact that is the decimal number indicated by DCI with 10bits, 80 states is enough to indicate the HARQ processes and NDI, and ITBS is indicated by MCS field, where for uplink and for  downlink. Obviously, the total states for joint coding MCS, HARQ processes and NDI is 800 or 880, which should be indicated by X. Use M to indicate one of the 80 states for HARQ processes and NDI and M is numbered as . A simple method to describe X is X=S*ITBS+M. more specifically, for 1 TB scheduling, M has 8 values corresponding 8 states, 2 TB has 24 values, 3TB has 32 values and 4TB has 16 values. Therefore,  for 1 TB,   for 2 TB,  for 3 TB, and  for 4TB.


Based on X=S*ITBS+M, we have  and . It is very simple for the UE decoding and eNB generating.
Proposal 11:
If DCI size is increased by no more than 3 bits
· MCS are reduced to 8 options with 3 bits 
· 1 bit for mixed scheduling and non-mixed scheduling 
· For mixed scheduling, all the HARQ process combinations are continuous
· For non-mixed scheduling, bitmap method for HARQ process, 1 bit NDI and MSB 4 bits(0000) for early termination are adopted 
If DCI size increased by 4 bits, the full scheduling flexibility should be provided, with joint-coding of 10 bits value X, indicating MCS, HARQ processes and NDI, X is calculated by
· 




X=80*ITBS+M, where ITBS is for uplink and  for downlink, M is  and  for uplink and  for downlink
· 



 for 1 TB,  for 2 TB,  for 3 TB, and  for 4TB.
3.4.2 Mixed scheduling for CE mode A
1）Scheduling scheme
According to last meeting, we have the agreement to select between Option 1 and Option 3/5. the detailed scheme refers  to [2].
For the different number of HARQ processes, there is a probability to be scheduled. If the probability is assumed the same as 1/8, then there is a 3 / 8 probability that two DCIS are needed to schedule 3/5/7 TBs, which causes more PDCCH resources wasting. 
For the initial scheduling or mixed scheduling, one one hand, if 3 TBs or 5 TBs or 7 TBs is needed, 2 DCI is needed for option 3/5. however, it can be supported by option 1 by using the continuous HARQ processes. On the other hand, if 4 TBs or 6 TBs is needed, obviously, the HARQ process ID of initial TB can be selected from the arbitrary remaining HARQ processes. Therefore, option1 and option3/5 have the similar scheduling flexibility, because the non-continuous states is useless for initial and mixed scheduling. If 1 TB or 2 TB or 8 TB are scheduled, both option1 and option 3/5 has the full flexibility.
For all-retransmitted case, when 8 TB is scheduled, the retransmission probability based on TB error rate 10% of 1TB, 2 TB, 3 TB, 4TB is 0.3826, 0.1488, 0.0331,0.0046 separately. 1 &2TB full flexibility should be provided because of the obvious error probability. As for the 3 TB or even more TBs retransmission, there is a low probability according to the calculation results. Moreover, option 3/5 does not support the 3 TBs scheduling.
Observation 7: 
For 1 TB, 2TB and 8 TB scheduling, option1 and option3/5 have the same full scheduling flexibility.
For 3TB, 5 TB and 7TB scheduling, option1 satisfy the essential flexibility and option 3/5 does not support.
For 4TB and 6 TB scheduling,
-- Option 1 and option3 has similar flexibility for the all-initial scheduling or mixed scheduling case
-- The all-retransmitted scheduling is a corner case.
From the perspective of DCI overhead, option 1 has advantage. For option 3/5, the DCI increase 6 bits and there is no perfect way to reduce overhead of other fields, as MCS, RA, FH ,repetition number and so on, without influence on the flexibility especially for 1&2TB case. For option1, there still exists the room for RV,FH,repetition and other fields to reduce the DCI size without affecting the flexibility, which means that the DCI only increases 4 bits.
Observation 8: DCI of option 1 increases maybe only 3-4 bits and option3 increases 6 bits
From the perspective of complexity, simple structure of option 1 means the simple decoding method. However, for option3/5, the mapping relation and all the 3680 states should be stored and read, which brings more decoding complexity. Additionally, the specification description is complex too.
Observation 9: Option 1 has less storage complexity and specification description complexity.
For option3/5，there are 16 bits in total including 12-bits Joint encoding of HARQ process IDs, NDI, RV, the number of scheduled TBs, 1bit FH, 2bit repetition number, 1 bit SRS. Unlike option3/5, in which 3&5&7TB scheduling are not supported, 16 bits can be used to supported the full flexibility for 8 HARQ process scheduling. Same with option3/5, RV+FH+R=3bits if the scheduled TB number larger than 2, there are (6560-128)*8=51456 states in total. For 1&2 TB scheduling, 128*32*2=8192 states in total, where 32 stands for FH+RV+R=5 bits. Based on this 51456+8192=59648<2^16, the full flexibility for scheduling HARQ processes is provided.
Observation 10: 16 bits, including HARQ process IDs, NDI, RV, the number of scheduled TBs, FH, repetition number, and SRS request, can be used to provide full flexibility for 8 HARQ process scheduling, instead of partial HARQ processes flexibility based on option 3/5.
Additionally, when bundling is enabled, the initial TBs or retransmitted TBs in a bundle probably have the same NDI. The bitmap and same NDI design in option1 can be used to support the bundling scenario. It is seen from the above observations, option 1 is better from the perspective of DCI size and scheduling flexibility. In our opinion, less DCI size is preferred. However, if the DCI size increasing no less than 5 bits can be acceptable, the optimized solution should be based on the full scheduling flexibility. As aforementioned, 16 bits is enough to provide the full HARQ scheduling flexibility including indicating RV,FH,R and SRS. 

Proposal 12: If the DCI size increases less than 5 bits, option 1 should be supported. Otherwise, the full HARQ scheduling flexibility should be promised.
2）DCI design
For multi-TBs scheduling, the cost of HARQ ID, number of TBs and NDI is at least 11 bits, which brings additional 7 bits and causes the MPDCCH performance degradation. Therefore, appropriate method to reduce the DCI size is necessary. There is no redundancy to reduce for MCS and RA. However, notice the fact that if repetition number is larger than 2, the initial RV is useless because of the RV cycling. When the repetition number is 1, the FH is useless. And for the no repetition and small repetition,i.e,2, the CSI feedback also has better performance than large repetition case, especially for the multi-TB case if the UCI is mapped on the all the PUSCH transmission. If 8 TB is scheduled, there is no need to mapping on all the PUSCH transmission, which causes a lot of repetition. Therefore, neither large repetition nor large number of TB are unnecessary. Based on those facts, we have method FH+RV+R+CSI=4, which means that the FH,RV and repetition number are 4 bits in total. The detailed description is following
Assume that the repetition number set is {R0,R1,R2,R3} and R0=1, R1>=2,R2>=4,R3>=4,R0<R1<R2<R3.
When the repetition number is R0=1, 4 RVs is necessary, FH is unnecessary, and CSI request with 2 values is necessary. 8 states in total.
When the repetition number is R1>=2, FH is necessary, 2 RVs can be provided to obtain the coding gain and CSI request is unnecessary. 4 states in total.
When the repetition number is R2 or R3, FH is necessary, RV indication is unnecessary because of the RV cycling and CSI request is unnecessary because of the large repetition. 4 states in total.
According to the aforementioned description, 8+4+4=16 states mostly can be provided to indicate the FH, RV and repetition number, which is described as FH+RV+R+CSI=4 bits without loss of flexibility. Following is the table.
Table 6. RV,FH and CSI request based on repetition number
	Repetition number
	RV,FH and CSI request value
	number

	R0
	4 RVs, 1FH, 2 CSI
	8

	R1
	2RVs, 2 FH, 1CSI
	4

	R2
	1RVs, 2 FH, 1CSI
	4

	R3
	1RVs, 2 FH, 1CSI
	4


Moreover, for the multiple TBs scheduling, i.e, 5 TBs or 8 TBs, actually the RV field may be hard to indicate the RVs of all TBs, because these TBs may be mixed scheduled. Therefore, for the case of repetition number R0, the RV can be 1 bit to provide the essential flexibility. For the other repetition number case, initial RV can be fixed. Based on this, the scheme is FH+RV+R=3 bits, which is appropriate to those scenarios without requirement of high flexibility. 
Additionally, notice that the SRS request in DCI is fixed to 1bit. However, the RRC signalling is another alternative and trigger type 1 is needed only when the SRS request is necessary. In order to provide the full flexibility for 1&2TB scheduling, SRS request can be reserved. Therefore, this field can be considered to reduce the DCI size if the scheduled TB number is larger than 2. Similarly, CSI request (uplink) for aperiodic CSI feedback can be supported only for 1&2 TB scheduling. Base on option 1, 4bits including FH,RV,R,CSI, and 3 bits including FH,RV,R, providing the full flexibility for 1&2TB scheduling, we have the following DCI design
Table 7. DCI design with increasing 3-4 bits for CE mode A for less DCI size
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Mixed scheduling
	10 bits for continuously mixed scheduling
	FH+RV+R=3 bits

	
	Other 
	
	

	
	1&2TB
	7 bits for 1&2TB
	FH+RV+R+CSI=4 bits
	SRS


If the less DCI size is not the main purpose but the flexibility, the full flexibility scheme with increasing DCI size 5 or 6 bits, is provided as following
Table 8. DCI design with increasing 5-6bits for CE mode A for full HARQ scheduling flexibility
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	1
	12 bits for 3TB&5TB&6TB (448+1792+1792=4032)
	FH+RV+R=3

	0
	1
	11 bits for 7TB(1024) &4TB(1120-128)
	

	
	0
	1
	8bit NDI for 8TB
	FH+RV+R+CSI=4
	SRS

	
	
	0
	1
	1&2TB
	
	

	
	
	
	0
	4TB positions
(8*2^6=128 sates)
	4 bit NDI
	
	


For 1TB,2TB,8TB the full flexibility is provided. For partial 4TB positions, including HARQ processes 0123,1234,2345,3456,4567,5670,6701,7012 or any other 8 positions of 4HARQ processes, the full flexibility is provided. As for the other TBs, joint coding of RV and FH, based on repetition number, is 1 bit, and SRS request and CSI request field are repurposed.

Proposal 13:
--1&2 TB are scheduled with full flexibility, repetition number is 2bits, joint coding of RV, FH and CSI request, based on repetition number, is 2 bits, and SRS request is supported. 
· if DCI size increases 3bits or 4 bits, except the 1&2TB full flexibility scheduling, joint coding of RV and FH, based on repetition number, is 1 bit, and SRS request and CSI request field are repurposed.
· if DCI size increases 5 or 6 bits, the full HARQ process scheduling should be provided
· For 1TB, 2TB, 8TB and partial 4 TB positions, joint coding of RV, FH and CSI request, based on repetition number, is 2 bits, and SRS request is supported. 
· For 3TB, 5TB, 6TB, 7TB and left 4TB positions, joint coding of RV, FH and CSI request, based on repetition number, is 1 bit, and SRS request and CSI request field are repurposed 
Note that the above DCI is designed for uplink with CSI, also it can be used to design the downlink DCI similarly with   substituting the FH+RV+R+CSI=4 bits as FH+RV+R=4 bits.
 Feedback
3.5.1 Bundling feedback mechanism
[bookmark: OLE_LINK21][bookmark: OLE_LINK37]It is agreed that the maximum bundle size is 4 and the actual bundle size is indicated by DCI. However, for multi-TBs scheduling, the DCI size should not increase any more. According to the R14 bundling design, 2 bits transport blocks in a bundle, 1bit HARQ-ACK bundling flag, 3 bits HARQ-ACK delay would bring additional 6 bits in total. The actual bundling size indicated by 2 bits in R14 is mainly designed to solve the DCI missing problem. However, for multi-TB scheduling by one MPDCCH, this problem no longer exists and there is no need to add 2 bits to indicate the bundle size. As for the 3bits HARQ-ACK delay, obviously, for FD-FDD UE, the dynamic delay can be useless and also it is forbidden that the DCI increases additional 3 bits which would causes the total DCI size increasing more than 7 bits at least.
Observation 11: For multi-TB scheduling, HARQ-ACK delay and bundling size indicated by DCI is unnecessary due to the nonexistent DXT problem.
[bookmark: OLE_LINK2]For the DCI design in multi-TB scheduling case, it is better to increase the DCI no more. The bundling flag is unnecessary and the actual bundle size should be based on the existing fields in DCI,i.e, the number of scheduled TBs. In order to promise the similar performance between different TBs, the number of TBs in a group by bundling the scheduled TBs should be similar. For example, if the number of scheduled TBs is 6, the actual bundle size should be 3 for 2 groups and each group is bundled by 3 TBs, instead of 4 and 2 for 2 groups. However, if the number of TBs is less than 4, just one group is enough.  
Based on the analysis, to minimize the DCI size for multi-TB scheduling, we have the bundling design 
Proposal 14: bundling design
--Bundling flag in DCI is not supported



[bookmark: OLE_LINK7]--the actual bundle size is N, if , otherwise  and  for 2 groups, where N is the scheduled TB number
As for the ACK/NACK timing delay, it should be discussed for interleaving case and non-interleaving case. For interleaving case, the ACK/NACK should be continuous if 2 ACK/NACK is needed. For the non-interleaving case, the ACK/NACK can be transmitted after the corresponding group transmission. 
[image: 7]
Figure 7. ACK/NACK timing delay for non-interleaving and interleaving case
Proposal 15:
For non-interleaving transmission, the ACK/NACK transmit after the transmission of corresponding bundled TBs
For interleaving transmission, the continuous ACK/NACK transmit after all the TBs’ transmission
R14/R15 features
Some features in R14 and R15 should be discussed in this meeting. Based on the understanding, that the feature, which has no impact on the current DCI design, can be supported. We give the detailed analysis as follows
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
Features for 5 or 20 MHz are related to the resource allocation, and the related fields are also common for scheduled TBs. As for the flexible starting PRB, this feature decides the starting PRB and would not affect the multi-TBs scheduling. Feature for 64QAM for non-repeated PDSCH can also be supported, because the repetition number is common parameter and it has not any other impacts.
Therefore, the above features would not increase the specification efforts and have not impacts on DCI design. These features can be supported. As for the following features, the decision should be made after the discussion. 
·  Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
Dynamic HARQ-ACK delay in Rel-14 for HD-FDD in CE mode A is based on the bundling feature. If it is supported, the additional bits also should be considered. Moreover, the bundling feature has been supported and the delay would be decided. Therefore, this feature should not be supported.
· Rel-14 feature for new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A.
New numbers of repetitions means the new set of repetition factors is {1, 2, 4, 8, 12, 16, 24, 32}. For the multi-TBs scheduling, the repetition number is the common parameter. However, for the interleaving case, the interleaving granularity is based on the subframe repetitions. If the interleaving granularity is 8 and the repetition number is 12, it would affect the interleaving pattern, even the RV cycling. Modulation restrictions would not have the impact, because the MCS is common parameter.
Therefore, the feature new numbers of repetitions should not be supported and feature of modulation restrictions can be supported.
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
For the sub-PRB case, multi-TBs scheduling also can be introduced to reduce the PDCCHs. Considering that the interleaving feature was supported, we need further discuss about the granularity design when sub-PRB was supported. 
For CE mode A, the cyclic repetition is not supported and the granularity can be set as G=1 subframes. For CE mode B, the cyclic repetition is supported and the granularity should be at least G=16 subframes to obtain full RV cycling for one TB. When hopping was enabled, the actual granularity should be N*G, where N is the number of narrow bands for hopping.
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
Early termination was supported.
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A,
Obviously, introducing multi-TBs scheduling feature can help save more MPDCCHs for 10 downlink HARQ processes. However, it should be noticed that the feature of 10 HARQ would have an impact on the DCI design, especially for the HARQ processes scheduling. 
For CE mode A, we agreed that the maximum HARQ processes number is 8. If 10 HARQ processes are supported for multi-TBs scheduling, it would increase the DCI size further. Therefore, considering the limited time, it can be discussed in R17.
· Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A. 
For HD-FDD case, it has the DCI impact and can be discussed in R17.

Proposal 16: Features can be captured in the following table

	
	Support or not
	Note 

	· Rel-14 feature for new numbers of repetitions for PUSCH in CE mode A
	Not support
	It affects the interleaving pattern, even the RV cycling

	· Rel-14 feature for modulation restrictions for PDSCH/PUSCH in CE mode A
	Support 
	

	· Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A
	Not support
	Bundling was supported for FDD case, HD-FDD case can be discussed in R17

	· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
	Support 
	

	· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
	Not support
	It can be discussed in R17

	· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
	Not support
	It can be discussed in R17

	· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
	Support 
	For CE mode A, the granularity can be set as G=1 subframes. For CE mode B, the granularity should be at least G=16 subframes. When hopping was enabled, the actual granularity should be N*G, where N is the number of narrow bands for hopping.


	· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
	Support 
	

	· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
	Support 
	

	· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
	Support
	



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: When the interleaving granularity is no less than Nacc*NRV, the benefit of RV cycling can be maintained, where NRV is the number of RVs and Nacc means the number of consecutive subframes in each block.
Observation 2: The case that one TB cannot hop through all the narrow bands should be avoided.
Observation 3: Multiple narrowbands mechanism can be used to solve the channel blocking problem for MTC UEs when multiple TBs are scheduled. 
Observation 4: Gap introduction is beneficial for obtaining time diversity gain and improving early termination especially for interleaving case.
Observation 5: Gap based on the interleaved block is more beneficial to obtain similar performance for each TB and trigger the early termination.
Observation 6: For CE mode B, 
--If DCI size increase is no more than 3 bits, the 6 bits scheme with selected HARQ processes and 3 bits MCS are proposed.
-If DCI size can be increased to 4 bits, the full scheduling flexibility should be provided.
Observation 7: 
For 1 TB, 2TB and 8 TB scheduling, option1 and option3/5 have the same full scheduling flexibility.
For 3TB, 5 TB and 7TB scheduling, option1 satisfy the essential flexibility and option 3/5 does not support.
For 4TB and 6 TB scheduling,
-- Option 1 and option3 has similar flexibility for the all-initial scheduling or mixed scheduling case
-- The all-retransmitted scheduling is a corner case.
Observation 8: DCI of option 1 increases maybe only 3-4 bits and option3 increases 6 bits
Observation 9: Option 1 has less storage complexity and specification description complexity.
Observation 10: 16 bits, including HARQ process IDs, NDI, RV, the number of scheduled TBs, FH, repetition number, and SRS request, can be used to provide full flexibility for 8 HARQ process scheduling, instead of partial HARQ processes flexibility based on option 3/5.
Observation 11: For multi-TB scheduling, HARQ-ACK delay and bundling size indicated by DCI is unnecessary due to the nonexistent DXT problem.
Proposals:
Proposal 1: Gap value for multicast set as follows
--For non-backward compatible deployment requirement, gap value can be zero (no gap is needed).
--For backward compatible deployment scenario, gap value can be decided by MPDCCH length. 
Proposal 2: For backward compatible scenario, gap is inserted before every continuous transmission of one TB and the value is LGAP=A1*r*Rmax, where r is indicated by DCI subframes repetition field. A1 is cell-specifically configured by high layer and at least includes {0,1}
Proposal 3:
For CE mode A,
-If hopping feature is configured and enabled by DCI, interleaving granularity is 4*Ych
--If hopping feature is configured and disabled by DCI, interleaving granularity is 4
--If hopping feature is not configured, interleaving granularity is 4
For CE mode B
-If hopping feature is configured, interleaving granularity is 16*Ych
--If hopping feature is not configured, interleaving granularity is 16
Proposal 4: When the repetition is less than the granularity, interleaving is not supported
Proposal 5: Gap is only supported for interleaving case.
Proposal 6: Gap position should be based on the interleaved blocks.
Proposal 7: For CE mode A, if Resource block assignment in format 6-0A is set to all ones, the indication of ACK feedback is triggered.
--8 bits from the HARQ process and NDI indication is used to indicate the terminated HARQ index with bitmap method. 
Proposal 8: For CE mode B, if 5 MSB bits for HARQ processes and NDI is set to all zeros, the indication of ACK feedback is triggered.
--4 MSB bits in Resource block assignment is repurposed to indicate the termination with bitmap method. 

Proposal 9: Gap is only enabled if the product of number of repetitions and number of TBs are larger and equal to the RRC configured threshold .
Proposal 10: For Gap design, the following should be supported:
--Gap duration is RRC configured 
--Gap position satisfies that


the gap is inserted by every other  subframes, where G is the interleaving granularity, NTB is the TBs number scheduled in DCI, and  is RRC configured threshold. 

Proposal 11:
If DCI size is increased by no more than 3 bits
· MCS are reduced to 8 options with 3 bits 
· 1 bit for mixed scheduling and non-mixed scheduling 
· For mixed scheduling, all the HARQ process combinations are continuous
· For non-mixed scheduling, bitmap method for HARQ process, 1 bit NDI and MSB 4 bits(0000) for early termination are adopted 
If DCI size increased by 4 bits, the full scheduling flexibility should be provided, with joint-coding of 10 bits value X, indicating MCS, HARQ processes and NDI, X is calculated by
· 




X=80*ITBS+M, where ITBS is for uplink and  for downlink, M is  and  for uplink and  for downlink
· 



 for 1 TB,  for 2 TB,  for 3 TB, and  for 4TB.
[bookmark: _GoBack]
Proposal 12: If the DCI size increases less than 5 bits, option 1 should be supported. Otherwise, the full HARQ scheduling flexibility should be promised.
Proposal 13:
--1&2 TB are scheduled with full flexibility, repetition number is 2bits, joint coding of RV, FH and CSI request, based on repetition number, is 2 bits, and SRS request is supported. 
· if DCI size increases 3bits or 4 bits, except the 1&2TB full flexibility scheduling, joint coding of RV and FH, based on repetition number, is 1 bit, and SRS request and CSI request field are repurposed.
· if DCI size increases 5 or 6 bits, the full HARQ process scheduling should be provided
· For 1TB, 2TB, 8TB and partial 4 TB positions, joint coding of RV, FH and CSI request, based on repetition number, is 2 bits, and SRS request is supported. 
· For 3TB, 5TB, 6TB, 7TB and left 4TB positions, joint coding of RV, FH and CSI request, based on repetition number, is 1 bit, and SRS request and CSI request field are repurposed 
Proposal 14: bundling design
--Bundling flag in DCI is not supported



--the actual bundle size is N, if , otherwise  and  for 2 groups, where N is the scheduled TB number
Proposal 15:
For non-interleaving transmission, the ACK/NACK transmit after the transmission of corresponding bundled TBs
For interleaving transmission, the continuous ACK/NACK transmit after all the TBs’ transmission
Proposal 16: Features can be captured in the following table

	
	Support or not
	Note 

	· Rel-14 feature for new numbers of repetitions for PUSCH in CE mode A
	Not support
	It affects the interleaving pattern, even the RV cycling

	· Rel-14 feature for modulation restrictions for PDSCH/PUSCH in CE mode A
	Support 
	

	· Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A
	Not support
	Bundling was supported for FDD case, HD-FDD case can be discussed in R17

	· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
	Support 
	

	· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
	Not support
	It can be discussed in R17

	· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
	Not support
	It can be discussed in R17

	· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
	Support 
	For CE mode A, the granularity can be set as G=1 subframes. For CE mode B, the granularity should be at least G=16 subframes. When hopping was enabled, the actual granularity should be N*G, where N is the number of narrow bands for hopping.


	· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
	Support 
	

	· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
	Support 
	

	· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
	Support
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Appendix

	Number of scheduled HARQ processes
(total states)
	HARQ process index
	NDI
	Number of mixed scheduling states
	

	4 HARQ processes
(14)
	0123
	0001,0010,0011,0100,0101,0110,0111,1000,1001,1010,1011,1100,1101,1110
	14
	00000,00001,00010,00011,
00100,00101,00110,00111,
01000,01001,01010,01011,
01100,01101

	3 HARQ processes
(6+6=12)
	012 
	001,010,011,
100,101,110
	6
	01110,01111,10000,
10001,10010,10011

	
	123 
	001,010,011,
100,101,110
	6
	10100,10101,10110,
10111,11000,11001

	2 HARQ processes
(2+2+2=6)
	01 
	01,10
	2
	11010,11011

	
	12
	01,10
	2
	11100,11101

	
	23
	01,10
	2
	11110,11111
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