[bookmark: OLE_LINK34][bookmark: OLE_LINK33][bookmark: historyclause][bookmark: _Toc383764588]3GPP TSG RAN WG1 Meeting #99                            R1-2000370
e-Meeting, February 24th – March 6th, 2020

Source:           ZTE
Title:              Remaining issues on scheduling enhancement for MTC
Agenda item:      6.2.1.3
Document for:     Discussion and Decision

[bookmark: OLE_LINK23]Introduction
[bookmark: OLE_LINK42]In the last RAN1 #99 meeting [1], the main issues about multi-TB scheduling have been decided. However, some remaining issues about scheduling gap, early termination, TDD design and legacy features in unicast have not been discussed due to the limited time. In this document, the remaining issues are discussed.
Remaining issues for multi-TBs scheduling
 Multicast for FDD
According to the multicast gap agreement[1] in #99 meeting:
Agreement
For multicast, a scheduling gap can be inserted after each TB, where the gap length is configurable between {0, 2, 4, 8, 16, 32, 64, 128} subframes. The configuration is per cell.
If the gap configured, when a single DCI schedules multiple SC-MTCH transport blocks for SC-PTM multicast in CE mode A/B in RRC_IDLE, scheduling gaps are inserted after each TB. Compared with method “before each TB”, we have the following analysis: 
[image: 5]
Figure 1. Gap position in multicast
Firstly, if the gap is inserted after each TB, the gap between MPDCCH0 and first TB may be not enough to provide a MPDCCH for legacy UE, which would cause the back compatibility issue for some operator that has legacy deployment. For example, if the DCI repetition number is 256, the fixed delay between MPDCCH and PDSCH is not enough to insert the MPDCCH, which cannot provide the back compatibility. Note the issue of backward compatibility was discussed in previous RAN1 meeting but no consensus was reached. In anyway, there are companies still believe this is needed. Therefore for two similar proposal it is beneficial to choose the one that can provide backward compatibility.
Additionally, if the gap is inserted after each TB and the PDSCH transmission is ended, the last gap may be wasted, because there is no other transmissions in the last gap. If last gap is used for resource reservation, obviously, it also can be realized by the eNB scheduling when the last gap does not exist. Therefore, we have the following observation. 
Observation 1: Gaps inserted after each TB causes
1. Back compatibility is not satisfied
2. Last gap does not provide any benefit.
Proposal 1：For multicast, a scheduling gap can be inserted before each TB
 Unicast for FDD
 Gap configuration
In #98 meeting, we have the following agreements:
Agreement in #98
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 in #98
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 in #98
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
According to the agreements, gap should be supported and it can be used for early termination. However, in #99 meeting, the gap design has not been discussed.	
The gap was supported in the discussion, however, it has not been further designed due to the limited time. Some contributions point out the gap should be cell specific and used for resource reservation. However, the resource reservation issue has been discussed in R16 and there is no need to consider additional gap for the resource reservation. Additionally, according to the simulation results [2], UE specific gap shows the obvious SNR gain and it is beneficial to the early termination, shown as follows
[image: 1]
Figure 2. Gap position for unicast
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 and SNR gain, also the DCI for early termination can be sent in the gap which helps that the UE has enough processing time.
Observation 2: UE specific gap between interleaved blocks brings SNR gain and benefits to early termination
As for the gap value, it can be similar with the multicast {0, 2, 4, 8, 16, 32, 64, 128} subframes. Therefore, we have the proposal:
Proposal 2：UE specific gap should be considered 
· The gap position should be between the interleaved block
· Gap value can be similar to the multicast gap configuration with {0, 2, 4, 8, 16, 32, 64, 128} subframes
 Early termination
In #99 meeting, we have 
Agreement 
For unicast, use DCI codewords for early PUSCH termination according to below.
· For CE mode B: Use the spare state for Bits 1-6: 11 11 11 in the table listed under “Agreement CE Mode-B”
· For CE mode A: Use the spare state for Bits 1-6: 11 01 11 in the table listed under “Agreement CE Mode-A”
However, if the early PUSCH termination is triggered, that 1 TB or multiple TBs should be terminated has not been decided yet. The description according to [3] is 
A BL/CE UE configured with mpdcch-UL-HARQ-ACK-FeedbackConfig shall upon detection on a given serving cell of an MPDCCH with DCI format 6-0A/6-0B intended for the UE in the UE-specific search space indicating HARQ-ACK corresponding to a transport block associated to a HARQ process in the most recent PUSCH transmission with N>1, drop the remaining PUSCH transmission(s) (if any) corresponding to the transport block no later than subframe n+k, where
· subframe n is the last subframe in which the MPDCCH is transmitted; and
for FDD, k = 4; 

There is no modification for multi-TB scheduling. For the interleaving case, the granularity is 1 for CE mode A, and 4 for CE mode B. according to the legacy early termination, it is difficult to accurately terminate the ongoing PUSCH for the interleaving case. Therefore, the terminated TB should be indicated in the DCI. Additionally, for the interleaving case, mixed scheduling containing new transmission and retransmission may cause that only part of TBs needs termination indication in the DCI. Based on this, bitmap method is a simple method to indicate the termination information. 
When the early termination is triggered, the other fields in DCI can be repurposed for indicating the termination for the interleaving case. Except the flag format 6-0A/format 6-1A differentiation, DCI subframe repetition number, other fields can be repurposed, e.g, MCS 4 bits, repetition number 2bit. For simplicity, except the MSB 6 bits for early termination in CE mode A, the left 6 bits of 12 bits in total and repetition number 2 bits can be used to indicate the terminated TB. For CE mode B, except the MSB 6 bits for early termination, the left 4 bits of 10 bits in total can be used to indicate the terminated TB.
Proposal 3: For the interleaving case, bitmap method can be considered for indicating the terminated HARQ ID index
· For CE mode A, LSB 6 bits of ‘Scheduling TBs for Unicast’ field and 2 bits repetition number can be used to indicate the terminated TB
· For CE mode B, LSB 4 bits of ‘Scheduling TBs for Unicast field’ can be used to indicate the terminated TB  
If the UE receive the DCI which terminates some TBs, the UE behavior can be same with legacy method. It means that un-terminated TBs are transmitted as before and the resources for terminated TBs are reserved. The UE and eNB behavior does not need change.
 TB position for interleaving
According to the description, for the PDSCH in 36.213 section 7.1.11

for , 



-	if the UE is configured with higher layer parameter multi-TB-DL-Unicast-Interleaving-config, and PDSCH corresponding to a MPDCCH with DCI CRC scrambled by C-RNTI and  where  for BL/CE UE configured with CEModeA,  for BL/CE UE configured with CEModeB, 



-	BL/CE DL subframes  with  are associated with TBr+1 , 
-	otherwise,



-	BL/CE DL subframes  with  are associated with TBr+1 , .
For the PUSCH in 36.213 section 8.0

for , 



-	if the UE is configured with higher layer parameter multi-TB-UL-Unicast-Interleaving-config, and PUSCH corresponding to a MPDCCH with DCI CRC scrambled by C-RNTI and  where  for BL/CE UE configured with CEModeA,  for BL/CE UE configured with CEModeB, 



-	BL/CE UL subframes  with  are associated with TBr+1 , 
-	otherwise,



-	BL/CE UL subframes  with  are associated with TBr+1 , 
According to the description, the transmitted multiple TB is queued as TB0, TB1, TB2, TB3, TB0, TB1, TB2.... however, with hopping enabled, it would cause no frequency diversity gain because each TB may be located in one narrowband, which is shown in the following figure
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Figure 3. TB position for interleaving
More specifically, notice that the entries in the table is defined by 1 and 0, where 1 means that the TB cannot traverse all the narrowband and 0 means that the same diversity gain can be achieved with or without shift if repetition number is enough.
Table 1. C=1 and Nband=2
	Hopping granularity
	TB number

	
	2
	3
	4
	5
	6
	7
	8

	1
	1
	0
	1
	0
	1
	0
	4

	2
	0
	0
	1
	0
	0
	0
	1

	4
	0
	0
	0
	0
	0
	0
	1

	8
	0
	0
	0
	0
	0
	0
	0


Considering the other cases for C=1 Nband=4, C=4 Nband=2 and C=4 Nband=4, we have the following observation:
Observation 3: The problem that transmitted TB cannot traverse all the narrowband because of TB position in narrowband, occurs only when the scheduled TB number is even.
The efficient method to solve above problem is changing the TB location in an interleaved block. For example, multiple TBs can be queued as TB0, TB1, TB2, TB3, TB1, TB2, TB3, TB0. Except the first interleaved block, the interleaved blocks should have a shift based on the previous interleaved block. The shift can be a subframe, a TB, or multiple TB in a narrowband. Obviously, the shift, multiple TB in a narrowband, brings the earlier maximum SNR gain or larger SNR gain. The illustration is shown as following
[image: 7]
 Figure 4. Modified TB position for interleaving
Observation 4: For the case TB cannot traverse all the narrowband, larger SNR gain can be achieved by shifting the TB location in an interleaved block.
In the initial interleaved block, TB can be numbered as 0,~NTB-1 and it is the initial relative position number in the first interleaved block. A method to shift the TB location is changing the TB relative position in a interleaved block. In the above figure, the relative position number will shift 1 TB. In order to obtain the frequency diversity gain earlier, the shift offset can be larger, e.g., 3. if the shift offset is an even number, e.g., 2, it may does not help change the situation that 1 TB traverse 1 narrowband. Therefore, in order to obtain more frequency diversity gain because of the larger frequency span, the shift offset can be 3. We give the proposal as following:
Proposal 4：
When hopping and interleaving enabled, if the scheduled TB number is even number, the TB relative position number in interleaved block c shall shift 3 TB (with wrap around) compared with interleaved block c-1.
 R14/15 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. And the following features should be elaborated. The detailed analysis is given as follows
· 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 PDCCH. Considering that the interleaving feature was supported, we need further decide the granularity design when sub-PRB was supported. More specifically, the granularity design can be similar with NB-IoT. 
Proposal 5: For the sub-PRB interleaving case, the granularity can be 4 repetitions similarly with NB-IOT
· 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, it is 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 and UE buffer further. Therefore, considering the limited time, the HARQ process scheduling method can be referred to TDD case, which means that 1 bit group indication is needed. For example, the 10 HARQ processes are numbered as 0 ~9. the first group contains HARQ process ID 0~7 and the second group contains HARQ process ID 2~9.
Proposal 6: 10 HARQ can be supported together with multiple TB scheduling
· 1 bit group indication is needed and each group contains 8 HARQ processes.
· Scheduling method for 8 HARQ processes is the same as CE mode A
If the multi-TB scheduling supported for HD-FDD, the bundling feature and dynamic delay should be discussed. For simplicity, the bundling size and dynamic delay for HD-FDD 10 HARQ processes can be the same with legacy method, i.e., 2 bits for bundling size and 3 bits for dynamic HARQ-ACK delay.
Proposal 7: The bundling size and dynamic delay for HD-FDD 10 HARQ processes can be reused.
 Aperiodic CSI
If the "CSI request" bit field is triggering an aperiodic CSI report, the details has not been discussed for the multi-TB scheduling. More specifically, how to carry the CSI report by one TB or multiple TB is the main issue. 
If the CSI report is carried on one scheduled TB, based on the same TBS, the other TBs may have different performance from the TB carried CSI report. If the CSI report is carried on multiple scheduled TB, the larger CSI report delay and unbalanced allocation of CSI report bits on multiple TB would be caused. Therefore, it is preferred that the CSI report is carried on the first TB, the other details is same with legacy method, which also avoid more specification efforts. As for the different performance for the first TB, it can be mitigated by eNB behavior. For example, only when single TB scheduled, or when the performance difference is acceptable, the CSI request would be triggered.
Proposal 8: The CSI report is carried in the first TB, and other details are as same as legacy.
[bookmark: OLE_LINK1][bookmark: OLE_LINK21][bookmark: OLE_LINK37] TDD design
 HARQ processes grouping
Agreement in #99 meeting
For DCI 6-1A
· For TDD, apply grouping of HARQ processes with consecutive HARQ PIDs: two groups with 8 HARQ process per each group and 1 bit indication of the group.
For the different TDD UL/DL configuration, the number of HARQ processes is different according to normal HARQ operation which is shown in the following table.
Table 2 Number of HARQ processes for TDD
	
	Number of HARQ processes
 for normal HARQ operation

	TDD UL/DL configuration
	UL
	DL

	0
	7
	6

	1
	4
	9

	2
	2
	12

	3
	3
	11

	4
	2
	14

	5
	1
	16

	6
	6
	8


According to the description:
7.1.7.2	Transport block size determination, 

<Unchanged parts are omitted>




For a BL/CE UE, if the UE is configured with higher layer parameter multi-TB-DL-config and multiple TB, , are scheduled in the corresponding DCI with CRC scrambled by C-RNTI, the HARQ process ID for each of the scheduled  TBs are determined from the value of the HARQ index field in the correspoding DCI which is a combinatorial index r defined as , where





-	the set , () contains the  sorted HARQ process IDs and  is the extended binomial coefficient, resulting in unique label ,

-	 is the number of scheduled TB, and


-	 if UE is configured with CEModeA, and  if UE is configured with CEModeB,


-	 if UE is configured with CEModeA, and ‘Multi-TB HARQ processes group’ field is present and set to '1' in the corresponding DCI,  otherwise.
The NDI and HARQ process ID, as signalled on PDCCH/EPDCCH/MPDCCH/SPDCCH, and the TBS, as determined above, shall be delivered to higher layers.
<Unchanged parts are omitted>



Notice that  if ‘Multi-TB HARQ processes group’ field is present and set to '1' , then we have . For the case =8, the maximum HARQ process ID may be less than 16, which would cause the scheduling flexibility loss and DCI bits wasting. For example, if the number of HARQ processes is 10 and k=1, one group contains 8 HARQ process and another group contains 2 HARQ process. On one hand, 2 HARQ process in second group needs less DCI overhead, which would cause the DCI bits wasting. On the other hand, if the first group need retransmission, e.g., HARQ process ID 3 and ID4, obviously, it should be retransmitted and then the second group can be transmitted. If the first group contains the first 8 HARQ process and the second group contains last 8 HARQ process, the retransmitted TB in first group can be scheduled with new TB in the second group, which improves the scheduling flexibility and save the resources.

Additionally, it is noted that the agreement is described as two groups with 8 HARQ process per each group and 1 bit indication of the group. It means each group contains 8 HARQ processes and has a conflict with  for maximum HARQ process ID less than 16. 
Therefore, in order to obtain larger scheduling flexibility, the grouping method can be changed as follows: 1 bit is used to indicate 2 groups, 1 group contains the first 8 HARQ processes and the other group contains last 8 HARQ processes.
Proposal 9: If the number of HARQ processes is larger than 8 for TDD, one group contains the first 8 HARQ processes and the other group contains the last 8 HARQ processes (some HARQ processes can be referenced by both groups).
 HARQ processes indication in DCI
For the TDD UL/DL configuration 1, 2,3,4,5, the number of DL HARQ processes is larger than 8. The UL/DL DCI size for a configuration shall be the same, in which 13 bits includes 1 bit grouping and 12 bits Scheduling TBs for downlink. For the configuration 0 and 6, the number of HARQ processes is limited to 6, 7 and 8. 13bits is enough to provide the full flexibility for scheduling HARQ processes, and the RV and FH may need some modification. It is noted, in the legacy DCI design for TDD, the DCI size is the same for different configuration. Therefore, we have the following observation. 
Observation 5:
For all the TDD UL/DL configurations, the legacy DCI size is the same without multi-TB scheduling
For the TDD UL/DL configuration 1,2,3,4,5, the UL/DL DCI size shall be the same for multi-TB scheduling，in which 13 bits for downlink in total, includes 1 bit grouping and 12 bits Scheduling TBs for Unicast
For TDD UL/DL configuration 0 and 6, the maximum number of HARQ process is 7 and 8. The overhead based on joint coding of HARQ ID, TB number and NDI is 12 bits and 13 bits. For simplicity, DCI size for different TDD UL/DL configuration can be the same. Therefore, we have the proposal:
Proposal 10: If multi-TB scheduling is configured, the DCI size should be the same for different TDD UL/DL configuration.
For the TDD UL configuration 1, 2,3,4,5, the maximum TB number is not larger than 4.The RV and FH or MCS, there is no need to adopt the joint coding, because the DCI size is enough. As for the HARQ ID, TB number and NDI, if the joint coding is adopted, 3 bits indicating 8 states is needed for 2 HARQ processes, 5 bits indicating 27 states for 3 HARQ processes and 8 bits indicating 256 states for 4 HARQ processes. If they are separate, 4bits including 2 bits for HARQ index and 2 bits for NDI is needed for 2 HARQ processes, 6 bits including 3 bits for HARQ index and 3 bits for NDI for 3 HARQ processes, and 9 bits including 5 bits for HARQ index and 4 bits for NDI for 4 HARQ processes. Compared with joint coding, 1 bit is wasted in DCI. Therefore, joint coding should be considered. The specific method can be referred in the following table:
Table 3. HARQ scheduling design for 2, 3 and 4 HARQ processes in TDD
	 bits
TB number
	8
	7
	6
	5
	4
	3
	2
	1

	1  
	2 HARQ processes scheduling
	0
	HARQ1 index(0~1)
	N1

	2
	
	1
	N2
	N1

	

	1
	3 HARQ processes scheduling
	
	
	HARQ1 index(00~10)
	N1

	2
	
	HARQ2 index+2(010~101)
	N2
	N1

	3
	
	1
	1
	N3
	N2
	N1

	

	1
	4 HARQ processes scheduling
	
	
	
	
	HARQ1 index(00~11)
	N1

	2
	
	
	
	HARQ2 index+2(010~111)
	N2
	N1

	3
	
	
	HARQ3 index+4(100~111)
	N3
	N2
	N1

	4
	
	1
	1
	1
	N4
	N3
	N2
	N1



Proposal 11: For TDD UL/DL configuration 1, 2,3,4,5, joint coding of HARQ IDs, number of TBs and NDI without constraint should be adopted and the other fields is the same with legacy design.
For the TDD UL/DL configuration 0 and 6, the maximum number of HARQ processes is 6,7 or 8. If the scheme adopted for CE mode A in R16 is reused, 1 bit for the HARQ grouping is wasted. Therefore, modifying DCI should be considered based on the R16 design principle. Based on the 8 HARQ process design method for CE mode A in FDD, for the maximum 6 HARQ process, we have 
Table 4. HARQ scheduling design for 6 HARQ processes in TDD
	bits
TB number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1
	0
	0
	0
	0
	0
	0
	HARQ1 index(000~101)
	N1

	2
	0
	0
	0
	HARQ2 index+3(00011~10001)
	N2
	N1

	3
	0
	0
	HARQ3 index+9(01001-11100)
	N3
	N2
	N1

	4
	0
	HARQ4 index+15(01111-11101)
	N4
	N3
	N2
	N1

	5
	HARQ5 index+15(01111-10100)
	N5
	N4
	N3
	N2
	N1

	6
	1
	0
	1
	1
	N6
	N5
	N4
	N3
	N2
	N1


RV is 2 bits and FH is 1bit separately.
For the maximum 7 HARQ process, we have
Table 5. HARQ scheduling design for 7 HARQ processes in TDD
	 bits
TB number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1
	0
	0
	0
	0
	0
	0
	HARQ index(000~110)
	N1
	RV

	2
	0
	0
	0
	HARQ2 index+4(00100~11000)
	N2
	N1
	RV2-1
	RV2-2

	3
	0
	0
	HARQ3 index+50(0110010~1010100)
	N3
	N2
	N1

	4
	0
	HARQ4 index+43(0101011~1001101)
	N4
	N3
	N2
	N1

	5
	0
	HARQ5 index+39(100111~111011)
	N5
	N4
	N3
	N2
	N1

	6
	HARQ6 index+30(011110~100100)
	N6
	N5
	N4
	N3
	N2
	N1

	7
	1
	0
	1
	N7
	N6
	N5
	N4
	N3
	N2
	N1
	RV


FH is 1bit separately. 
For the maximum 8 HARQ process, we have
Table 6. HARQ scheduling design for 8 HARQ processes in TDD
	bits
TB number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	0
	0
	0
	0
	0
	0
	HARQ ID index(000~111)
	N1
	RV
	FH1

	2
	0
	0
	0
	HARQ2 index+8(001000~100011)
	N1
	N2
	RV2-1
	RV/FH2-2

	3
	0
	0
	0
	HARQ3 index+72(1001000~1111111)
	N1
	N2
	N3

	4
	0
	HARQ4 index+64(1000000~10000101)
	N1
	N2
	N3
	N4

	5
	0
	HARQ5 index+67(1000011~1111010)
	N1
	N2
	N3
	N4
	N5

	6
	HARQ6 index+62(0111110~1011001)
	N1
	N2
	N3
	N4
	N5
	N6

	7
	HARQ7 index+45(101101~110100)
	N1
	N2
	N3
	N4
	N5
	N6
	N7

	8
	1
	1
	1
	N1
	N2
	N3
	N4
	N5
	N6
	N7
	N8
	RV
	FH8


For the 6, 7 or 8 HARQ process scheduling, it is more flexible based on the methods of three above tables. 
For the TDD UL/DL configuration 0, if 2 bits RV for UL 6 HARQ process and 1 bit FH for UL 6 HARQ process and DL 7 HARQ process, there is no padding bits wasting. 13 bits in total for UL and DL to indicate the HARQ IDs, number of TBs, NDI, RV and FH. For the TDD UL/DL configuration 6, if 2 bits RV and 1 bit FH for UL 6 HARQ process is adopted, there is no padding bits wasting for the DL and UL. 13 bits in total for DL and DL to indicate the HARQ IDs, number of TBs, NDI, RV and FH is enough.
Proposal 12: For TDD configuration 0 or 6 in TDD, since the number of HARQ process is 6,7, or 8, DCI design can be optimized for unconstraint HARQ scheduling based on the 8 HARQ process design method for CE mode A in FDD.
· 13 bits in total for DL and DL is used to indicate the HARQ IDs, number of TBs, NDI, RV and FH, which should be based on table 4, table 5 and table 6.
Conclusion
[bookmark: OLE_LINK41]In this contribution, we have discussed the scheduling enhancement for MTC. We make the following observations and proposals:
Observations:
Observation 1: Gaps inserted after each TB causes
1. Back compatibility is not satisfied
2. Last gap does not provide any benefit.
Observation 2: UE specific gap between interleaved blocks brings SNR gain and benefits to early termination
Observation 3: The problem that transmitted TB cannot traverse all the narrowband because of TB position in narrowband, occurs only when the scheduled TB number is even.
Observation 4: For the case TB cannot traverse all the narrowband, larger SNR gain can be achieved by shifting the TB location in an interleaved block.
Observation 5:
For all the TDD UL/DL configurations, the legacy DCI size is the same without multi-TB scheduling
For the TDD UL/DL configuration 1,2,3,4,5, the UL/DL DCI size shall be the same for multi-TB scheduling，in which 13 bits for downlink in total, includes 1 bit grouping and 12 bits Scheduling TBs for unicast.
Proposals:
Proposal 1：For multicast, a scheduling gap can be inserted before each TB
Proposal 2：UE specific gap should be considered 
· The gap position should be between the interleaved block
· Gap value can be similar to the multicast gap configuration with {0, 2, 4, 8, 16, 32, 64, 128} subframes
Proposal 3: For the interleaving case, bitmap method can be considered for indicating the terminated HARQ ID index
· For CE mode A, LSB 6 bits of ‘Scheduling TBs for Unicast’ field and 2 bits repetition number can be used to indicate the terminated TB
· For CE mode B, LSB 4 bits of ‘Scheduling TBs for Unicast field’ can be used to indicate the terminated TB  
Proposal 4：
When hopping and interleaving enabled, if the scheduled TB number is even number, the TB relative position number in interleaved block c shall shift 3 TB (with wrap around) compared with interleaved block c-1.
Proposal 5: For the sub-PRB interleaving case, the granularity can be 4 repetitions similarly with NB-IOT
Proposal 6: 10 HARQ can be supported together with multiple TB scheduling
· 1 bit group indication is needed and each group contains 8 HARQ processes.
· Scheduling method for 8 HARQ processes is the same as CE mode A
Proposal 7: The bundling size and dynamic delay for HD-FDD 10 HARQ processes can be reused.
Proposal 8: The CSI report is carried in the first TB, and other details are as same as legacy.
Proposal 9: If the number of HARQ processes is larger than 8 for TDD, one group contains the first 8 HARQ processes and the other group contains the last 8 HARQ processes (some HARQ processes can be referenced by both groups).
Proposal 10: If multi-TB scheduling is configured, the DCI size should be the same for different TDD UL/DL configuration.
[bookmark: _GoBack]Proposal 11: For TDD UL/DL configuration 1, 2, 3, 4 and 5, joint coding of HARQ IDs, number of TBs and NDI without constraint should be adopted and the other fields are as same as legacy design.
Proposal 12: For TDD configuration 0 or 6 in TDD, since the number of HARQ process is 6,7, or 8, DCI design can be optimized for unconstraint HARQ scheduling based on the 8 HARQ process design method for CE mode A in FDD.
· 13 bits in total for DL and DL is used to indicate the HARQ IDs, number of TBs, NDI, RV and FH, which should be based on table 4, table 5 and table 6.
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