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[bookmark: _Ref535834157]In RAN1#98bis meeting, the following agreements were achieved [1] :
	RAN1 #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



[bookmark: _GoBack]This contribution is a revision of R1-1911919 and provides further discussion on multiple transport blocks (TBs) scheduling. 
1 Interleaving
In RAN1 #96 meeting, interleaving was agreed to be configurable. When interleaving is enabled, the interleaving granularity, which is the number of consecutive repetitions for each TB shown in Figure 1, needs to be defined. In addition, the value of interleaving granularity should also take the frequency hopping and/or RV updating into consideration. In order to combine different repetitions of one TB to improve the SNR, it is beneficial for the consecutive repetitions of one TB to be in the same narrowband. Therefore, the value of interleaving granularity should be N*Ych. 
[image: ][bookmark: _Ref7187602]Figure 1. Interleaving granularity


Proposal 1: Interleaving granularity should be introduced and its value is integral multiple of Ych.
As shown in Figure 2, although different TBs are interleaved with granularity of Ych, the frequency hopping switching position may not match with the TB switching position. As a result, the TB1 in narrowband 1 cannot be combined with the other TBs in narrowband 2, which will largely degrade the decoding performance.
[image: ][bookmark: _Ref7185100]Figure 2. Frequency hopping

]
Observation 1: Time-interleaving may affect the frequency hopping.
One straightforward way to improve the combining gain is that when interleaving is enabled, PUSCH/PDSCH starts at the subframe n, where n satisfies that n mode Ych = 0. It is illustrated in Figure 3.
[image: ][bookmark: _Ref7185741]Figure 3. Solution for frequency hopping

 
Proposal 2: When interleaving is enabled for multiple TBs scheduling, the PUSCH/PDSCH starts at the subframe n which satisfies that n mode Ych = 0.
As illustrated in Figure 3, although the transmission boundaries of different TBs are aligned with the frequency hopping boundary, TB1 is only transmitted on narrowband2 and TB2 is only transmitted on narrowband1. In order to deal with the problem, frequency hopping locations can be shifted based on an offset, so that each TB can be transmitted on all the narrowbands. As shown in Figure 4, after all the TBs are transmitted in turn, the frequency location of the first TB in the next round can be shifted. Based on the principle, the frequency hopping equation can be modified based on the following manner:
[image: ]
where y can be equal to the number of scheduled TBs. We can observe that when frequency hopping is done based on the above equation, the frequency location of the TBs in the Nth round will be shifted N* narrowbands.
	[image: ]
[bookmark: _Ref23273048]Figure 4. Frequency hopping location shift
Proposal 3: When interleaving is enabled for multiple TBs scheduling, the frequency hopping pattern is determined based on the following equation:
[image: ]



In Rel 15 eMTC, the phase rotation [image: ] is introduced for the cast that , π/2-BPSK modulation and only 2-of-3 adjacent subcarriers are selected. The corresponding description is seen in section 5.6A.2 of TS 36.211. It is seen that the phase rotation can achieve the phase continuity according to the consecutive symbol counter , thus lower PAPR can be achieved. One of the purpose of phase rotation [image: ] is to compensate the phase of CP between two adjacent symbols. It is similar to NB-IoT single-tone case. As discussed in our companion paper[2], if the symbol counter  is reset at the start of each TB transmission, phase discontinuities at the symbol boundaries between the first TB and the second TB would occur, which will degrade PAPR. So in order to avoid this impact, the symbol counter  should be incremented for each symbol during the whole transmission of the scheduled multiple TBs.

[bookmark: _Ref20752876]Proposal 4: For interleaving, the symbol counter  is reset at the start of the first TB transmission and incremented for each symbol during the whole transmission of the two TBs.
· , where  is the number of scheduled TBs.
2 Multiple TBs scheduling for unicast
In this section, the technical issues related to multiple TBs scheduling for unicast are discussed.
2.1 Scheduling gap
In our view, the scheduling gap can be enabled or disabled by RRC. In addition, more flexibility for using scheduling gap should be allowed. Because if the number of the scheduled TBs is small, it is unnecessary to use the scheduling gap, since scheduling gap is introduced targeting for increasing the scheduling flexibility when the number of the scheduled TBs is large. However, using one special DCI field to configure the scheduling gap will increase the DCI size and the decoding burden of the control channel. Therefore, whether to use the scheduling gap can be implicitly derived based on the number of the scheduled TBs in the DCI. 
Proposal 5: The scheduling gap is dynamic activated/deactivated implicitly based on the number of the scheduled TBs in the DCI.
2.2 DCI design
RV design
RV is very important for the data transmission especially when the repetition number is small. While when the repetition number is larger enough, all the RVs can be transmitted via RV cycling even the RV of the first repetition is fixed. So whether to introduce RV should be based on the repetition number. Some companies suggest that when scheduled TB number is larger than 2, no RV is introduced. However, when the scheduled TB number is larger, the RV is more important than that when the scheduled TB number is small. Because, when the scheduled TB number is large, more TBs are needed to be retransmitted and large resources are wasted when the transmission is failed. 
Observation 2: Whether to indicate RV should be based on the repetition number and RV is especially essential for large scheduled TB number.
Contribution [7] proposed that RV can be jointly encoded with FH for CEMode A, which can reduce 2 bits. In our view it is a reasonable method. Because when the repetition number is one, frequency hopping is disabled and the FH field can be repurposed to indicate RV. When the repetition number is larger, the RVs can be transmitted through RV cycling and there is no need to indicate RV in the DCI, so the FH field can be used to indicate FH in this case. 
Proposal 6: Whether to indicate RV should be based on the repetition number, and RV can be jointly encoded with FH to further reduce the DCI size.
HARQ ID, NDI and number of HARQ processes indication for CEMode A UEs
[image: ]
[bookmark: _Ref22996572]Figure 5. HARQ ID, NDI and number of HARQ processes indication for CEMode A UEs
As shown above in Figure 5, we divide the multiple scheduling into 3 cases including consecutive HARQ processes scheduling (case 1), arbitrary HARQ processes scheduling with same NDI value (case 2) and 1 or 2 TB full flexibility scheduling (case 3). 
The first bit differentiates case 1 from case 2 and case 3. To differentiating between case 2 and case 3, the second bit is used. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6]For case 1 scheduling, consecutive HARQ processes scheduling is applied without any other restrictions. In addition, the impact of the consecutive HARQ process scheduling is very marginal, since multiple TBs scheduling is used when the data traffic is very large. During the data transmission, there are always initial TBs and retransmission TBs to construct and maintain continuous HARQ processes. Only when data transmission approaching to the end, there maybe not enough initial TBs to maintain consecutive HARQ processes, and this limitation can be negligible. Moreover, two separate case 2 DCIs can be used to finish the transmission with one DCI with NDI=1 and the other DCI with NDI=0. Further, in short TTI of LTE and Rel-16 NR-U, they both have only supported consecutive HARQ processes for multiple TB scheduling. It means there is no severe limitation using consecutive HARQ processes, and we should also use the similar and mature mechanism for MTC UEs. For case 1, the remaining 10 bits are used to separately indicate (three different colors in the figure) the number of scheduled TBs, the starting HARQ process and the NDI of each scheduled TBs. The characters of the first “1” and the second “1” location in the 10 bits are very convenient for eNB to separately indicate the starting HARQ process and the number of the scheduled TBs, and very convenient for UE to separately derive the starting HARQ process and the number of the scheduled TBs from the DCI bit string. The remaining bits after the second “1” is used to indicate the NDI of the scheduled TBs in a bitmap manner. Therefore, this kind of separate encoding of HARQ process number, number of scheduled TBs and NDI are very important for UE low complexity implementation. 
For case 2 scheduling, it supports full flexibility HARQ process scheduling with a common NDI value for all scheduled TBs. The HARQ process entity maintains (or has) one corresponding NDI for each HARQ process number. The DCI can indicate one common NDI value for the scheduled TBs, if they have the same NDI value. The eNB individually maintains and provides NDI for each HARQ process, and the eNB can signal/indicate one common NDI value if the NDI values for different TBs are the same. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For case 3 of one TB and two TBs scheduling, full flexibility is provided. For one TB scheduling, there are 16 combinations (16=8 *2) for eight HARQ process number indication and two NDI values. For two TB scheduling, there are 112 combinations (112=28 *4) for 28 kinds HARQ process number indication of 2TBs and four kind NDI values of 2TBs. Therefore, there are 128 combination associated with the HARQ process indication and NDI for 1TB and 2TB scheduling, and 7 bits are needed. It is also very convenient to separately encoding for UE easily deriving the HARQ process number, number of scheduled TBs and NDI. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]As illustrated in Figure 6 below, the first 1 bit is used to indicate NDI for the first TB. The following 3 bits and the last 3 bits are used to indicate the HARQ process ID1 and HARQ process ID2, respectively. If HARQ process ID 1= HARQ process ID2, then it means only one TB is scheduled. If HARQ process ID1≠ HARQ process ID2, it means two TBs are scheduled, and the NDI value for the second TB is implicitly derived based on the comparison between the HARQ process ID1 and HARQ process ID2. For example, NDI=0 for 2nd TB if HARQ process ID 1 < HARQ process ID 2, and NDI=1 for 2nd TB if HARQ process ID 1 > HARQ process ID 2. For two TBs case, N0 is the NDI for the TB with smaller HARQ process number, N1 is the NDI for the TB with larger HARQ process number. In this manner, no joint encoding is introduced and no table in the specification is needed at all.  [image: ]
Figure 6. HARQ process and NDI indication for one TB and two TBs scheduling

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The illustrations in Figure 5 and Figure 6 are just to show the whole and detailed DCI design. In the specification, due to the fully separate encoding for all three cases, there is no any figure or table at all to capture this kind of multiple scheduling scheme in the specification, which is very important for eNB’s indication, UE’s interpretation of DCI and editor’s effort. In addition, this kind of multiple scheduling scheme is very beneficial in supporting maximum TB number set to 2 (just using the DCI for case 3 and removing the first 2 bits). As shown in the appendix I, a draft 36.212 and 36.213 is given, it can be observed that only a small amount of descriptions are needed in the specification without any table or equation.
Another benefit for this scheme is to further reduce total DCI size if some bits can be reduced from other field (e.g., repetition number, MCS, etc) for multiple TB scheduling. The only limitation of this scheme is not to support non-contiguous HARQ process with different NDI values. However, this impact is marginal as analyzed above, and two DCIs in case 2 with one DCI for NDI=1 and the other DCI for NDI=0 when this corner case happens.
Comparison with other options
In the last meeting, it has been agreed that 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
As shown in the following table, we summarize the pros and cons of these three options.
Table 1. Comparison of different indication methods
	
	Option 1 (Huawei)
	Option 3 (Sierra Wireless)
	Option 5(Qualcomm)

	DCI size increase
	5 bits 
(11-3(HARQ)-1(NDI)-2(RV))
	5 bits 
(12bit Table-3HARQ-1NDI-2RV-1FH)
	6 bits 
(12 bit Table-3HARQ-1NDI-2RV=6)

	Description
	1. Fully separate encoding of HARQ process number, NDI and number of scheduling HARQ process.
2. Consecutive HARQ-ID scheduling without any other restrictions 
3. Non-consecutive HARQ-ID scheduling with common NDI value.
4. Full flexibility for 1 TB and 2 TB scheduling. 
5. Can schedule 1,2,3,4,5,6,7,8 TBs
6. Individual NDI provided for each HARQ process
	1. 12bit Joint encoding of HARQ process IDs, NDI, RV,64 QAM(FH)
2. Can schedule any HARQ ID in any location. 
3. Can schedule 1,2,4,6,8 TBs
4. Individual NDI provided for each HARQ process
	1. 12-bits Joint encoding of HARQ process IDs, NDI, RV, the number of scheduled TBs. 
2. Can schedule 1,2,4,6,8 TBs
3. Can schedule any HARQ ID in any location. 
4. Individual NDI provided for each HARQ process

	Pros 
	1. Fully separately encoding, convenient to eNB indication and UE DCI interpretation, very low encoding/decoding complexity for  eNB and UE implementation.
2. Easy to be captured in the spec without any table and equation. As shown in appendix I for an example.
3. Support any number of scheduled TBs from 1 to 8
4. [bookmark: OLE_LINK17][bookmark: OLE_LINK18]Flexibility on further optimizations on other fields (e.g. RV and FH as proposed by LGE) and RV indication.
5. Favorable to fit maximum 2 TBs case by just removing the first two bits in case 3.
6. Separate design with other fields and avoid the unnecessary limitation (e.g., FH) of other fields.
Can schedule any HARQ ID in any location other than non-consecutive HARQ-ID with different NDI values.
	1. Can schedule any HARQ ID in any location.
	1. Can schedule any HARQ ID in any location.

	Cons: 
	1. Marginal:
Not support TBs with different NDI values in non-consecutive HARQ-ID. (two DCIs in case 2 can be used to solve this corner case)
	1. [bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Significant :
Complicated joint encoding of NDI, HARQ process ID, RV and FH, which is difficult for understanding, and not convenient for eNB indication and for UE’s DCI interpretation, and increase the complexity for both eNB and UE’s implementation, and not friendly to specification description/capture.
2. Significant :
Complicated and obscure tables or equations are needed.
3. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Significant: 
4. [bookmark: OLE_LINK19][bookmark: OLE_LINK20]42% severe limitation on the number of scheduled multiple TBs (cannot schedule 3,5,7 TBs, 3/7=42.85%).Significant: 
FH is not supported for 3 out of 4 multiple TB cases, which causes significant loss on performance (~2.5dB SNR loss based on evaluation in Rel-13).
No technical reason for supporting FH only for 1 TB and 8 TB scheduling. The only reason for supporting FH only for 1 TB and 8 TB scheduling is to make all the possible combinations with 4096, so that only 12 bits are needed, which is unacceptable.
5. [bookmark: OLE_LINK24][bookmark: OLE_LINK25]Significant: 
No flexibility on further optimizations on other fields (e.g. RV and FH).
6. Significant: 
No further optimizations on RV indication.

	1. Significant :
Complicated joint encoding of NDI, HARQ process ID and RV, which is difficult for understanding, and not convenient for eNB indication and for UE’s information recovery, and increase the complexity for both eNB and UE’s implementation, and not friendly to specification description/capture.
1. Significant :
Complicated and obscure tables or equations are needed.
1. Significant: 
42% severe limitation on the number of scheduled multiple TBs (3/7=42.85%).
1. Significant: 
One more bit needed compared to option 1 or 3.
1. Significant: 
[bookmark: OLE_LINK23]No further optimizations on RV indication.


As shown in Table 1, option 3 jointly encodes of HARQ process IDs, NDI, RV and 64 QAM(FH) by increasing 5 bits, while option 5 jointly encodes of HARQ process IDs, NDI and RV by increasing 6 bits. Therefore, the whole solutions of option 3 and option 5 are totally different, we should separate these two options.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Proposal 7: 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 
· Option 5 
In option 3, FH is only supported for 8 TB scheduling and is not supported for 3 out of 4 multiple TB cases, which causes significant loss on performance (~2.5dB SNR loss based on evaluation in Rel-13). FH is very important to guarantee the performance of the UEs in coverage enhancement and it will be more essential for multiple TB scheduling, since the cost of transmission failure for multiple TB scheduling is much higher than one TB scheduling. So frequency hopping indication should be supported for all the scheduling cases.
Observation 3: In option 3, FH is only supported for 1 TB and 8 TBs scheduling, which will largely degrade the BL/CE UEs performance with other scheduled TB numbers. 
For option 3 and option 5, only even number of TB scheduling is supported and almost 42% scheduling TB numbers are not supported, which will large restrict the scheduling flexibility and have big impact on the system performance. For example, due to the restrictions of system resources and scheduling flexibility, the maximum TB number can be scheduled is 7, then the two separate DCIs with one schedule 6 TBs and one schedule 1 TBs should be used. This will increase the control channel overhead significantly, which is violated to original intention of introducing multiple TB scheduling. 
Observation 4: In option 3 and option 5, almost 42% scheduling TB numbers are not supported, which will large restrict the scheduling flexibility and will increase the control channel overhead significantly.
In option 3 and option 5, whether to introduce RV indication is based on the scheduling TB number. However, as discussed in Section 3.2.1, RV should be based on the repetition number rather than based on the scheduled TB number. Because more TBs are scheduled, the RV is more important to guarantee reliability of the transmission.
Observation 5: In option 3 and option 5, whether to introduce RV indication is based on the scheduling TB number, which will largely degrade the system performance especially for large number of scheduled TBs.
For both option 3 and 5, all the fields including NDI, HARQ-ID, scheduled TB number, RV and even FH are jointly encoded together resulting in a very complex representation form with a couple of very big tables. So it will not only increase the encoding/decoding burden of the UE, but also will make it very hard to be captured in the spec.
Observation 6: In option 3 and option 5, all the fields including NDI, HARQ-ID, scheduled TB number, RV and even FH are jointly encoded together, which will increase the decoding/encoding burden and will be very hard to be captured in the spec.
Proposal 8: Adopt option 1 in R1-1911381 for multiple TB scheduling in CEModeA.
HARQ ID, NDI and number of HARQ processes indication for CEMode B UEs
[bookmark: OLE_LINK28]When TBs are scheduled with one DCI in CEMode B, the DCI needs to indicate information of scheduled TBs, which includes the number of scheduled TBs, the HARQ process number and the NDI of each scheduled TBs. As shown in Table 2, there are 80 combinations for supporting multiple TB scheduling in CE mode B. Thus, at least 7 bits are required in a DCI to indicate these combinations, and 5 bits are increased due to one bit for HARQ process number and one bit for NDI in legacy one TB scheduling in CEModeB.

[bookmark: _Ref23257586]Table 2. The scheduling of multiple TBs in CE Mode B
	The number of scheduled TBs
	The number of combinations of HARQ Process corresponding to each scheduled TBs
	The number of NDI states of each scheduled TBs
	The number of total combinations of HARQ Processes and NDI states

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	The number of total combinations
	80


In the current specification, for BL/CE UEs in CEMode B, as cited below, 4 bits are used to indicate 0<=IMcs<=9 for PDSCH, and 4 bits are used to indicate 0<=IMcs<=10 for PUSCH, respectively.
	TS 36.213 
7.1.7.2.6	  Transport blocks mapped for BL/CE UEs configured with CEModeB and PDSCH bandwidth up to 1.4MHz
BL/CE UEs configured with CEModeB and not configured with higher layer parameter ce-pdsch-maxBandwidth-config with value ≥5MHz and not configured with higher layer parameter mpdcch-PDSCH-MaxBandwidth-SC-MTCH with value 24 PRBs set [image: ] and determine its TBS by the procedure in Subclause 7.1.7.2.1 for [image: ], and NPRB = 4 or NPRB= 6.
8.6.1	Modulation order and redundancy version determination
……

A BL/CE UE configured with CEModeB is not expected to receive a DCI format 6-0B indicating .


[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Therefore, it can jointly encode the MCS indication and the information of the multiple TBs scheduling to reduce the bit overhead in the DCI. There are 800 or 880 combinations for MCS and information related to the multiple TBs scheduling. Therefore, 10 bits are needed to indicate the number of the scheduled TBs, the HARQ process number and the NDI of each scheduled TBs and the index of the MCS. Thus, 4 bits are increased (4= 10- 1 bit for legacy HARQ ID – 1 bit NDI -4 bits MCS) to provide full flexibility of multiple TB scheduling in CEModeB. 
In legacy DCI, 6 bits for HARQ ID, NDI and MCS( 1bit HARQ ID indication, 1bit NDI and 4bits MCS). With 4 bits added, there are 10 bits for the indicating MCS, HARQ ID, NDI, and number of HARQ processes.
How to use 10 bits for the indication, we propose the following mapping tables. 

For UL, 11 MCS entries are used.
6 bits indicate a value of V.  
1. Imcs= floor (V/5). 
1. The result of Vmod5 indicates N0 and TB number.
For Vmod5=0 or 1, it implicitly indicates N0. Moreover, if H0=H1, it means one TB. Otherwise two TBs. For two TBs, the comparison of H0 and H1 can implicitly indicate NDI1 for the second TB. For example, N1=0 for 2nd TB if H0 < H1, and N1=1 for 2nd TB if H0 > H1. For two TBs case, N0 is the NDI for the TB with smaller HARQ process number, N1 is the NDI for the TB with larger HARQ process number.
For Vmod5=2 or 3: it implicitly indicates N0. Moreover, two bits to indicate the one HARQ process ID combination from all four combinations (012, 013,023,123) for 3TBs. 
For Vmod5=4, N0, N1, N2, N3 are four NDIs related to 4TBs.

Table 3. MCS, NDI, HARQ-ID and number of HARQ process indication for UL
	TB number
	V mod 5=
	b0
	b1
	b2
	b3
	IMCS

	
1,2
	0 {N0=0}
	H0
	H1
	floor(V/5)

	
	1 {N0=1}
	
	
	

	
3
	2 {N0=0}
	HARQ indication
	N1
	N2
	

	
	3 {N0=1}
	
	
	
	

	4
	4
	N0
	N1
	N2
	N3
	



For DL, 10 MCS entries are used.
5 bits indicate a value of V.  
1. Imcs= floor (V/3). 
1. The result of Vmod3 indicates N0 and TB number.
For Vmod3=0: If H0=H1, it means one TB. Otherwise two TBs. For two TBs, the comparison of H0 and H1 can implicitly indicate NDI1 for the second TB. For example, N1=0 for 2nd TB if H0 < H1, and N1=1 for 2nd TB if H0 > H1. For two TBs case, N0 is the NDI for the TB with smaller HARQ process number, N1 is the NDI for the TB with larger HARQ process number.
For Vmod3=1: Two bits to indicate the one HARQ process ID combination from all four combinations (012, 013,023,123) for 3TBs. 
For Vmod3=2, N0,N1,N2,N3 are four NDIs related to 4TBs.

Table 4. MCS, NDI, HARQ-ID and number of HARQ process indication for DL
	TB number
	Vmod3=
	b0
	b1
	b2
	b3
	b4
	IMCS

	1~2
	0
	H0
	H1
	N0
	
floor(V/3)

	3
	1
	HARQ indication
	N0
	N1
	N2
	

	4
	2
	N0
	N1
	N2
	N3
	
	



Proposal 9：For scheduling multiple TBs in CE modeB, using Table 3 for UL and Table 4 for DL to indicate the number of scheduled TBs, the HARQ process number and the NDI of each scheduled TB and the index of the MCS. 
Joint encoding of the resource allocation and repetition number
DL transmission for CEMode A UEs
In current spec, 5 bits are used to indicate the resource allocation within a narrowband for CEMode A UEs. 2 bits are used to indicate the repetition number of MPDCCH. Since the repetition number is relatively small in better channel condition, there is no need to provide indication of the large repetition numbers. While in order to achieve a robust downlink transmission, more flexibility and large repetition numbers should be provided for UEs with poor channel condition. 
Observation 7: There is no need to indicate large repetition numbers when the channel condition is good, while more flexible repetition number indication should be supported for the UEs with poor channel condition.
Meanwhile, a small number of RBs can be allocated when the channel condition is better and large number of RBs are assigned when the channel condition is poor. Therefore, when the allocated RB number is large, wide range of repetition numbers should be supported, while a narrow range of repetition number is enough when the number of allocated RB is smaller. In addition, we can also reduce the options of the allocated RB number to reduce the DCI size without introducing much impact on the system performance. 
In Table 5, an example is given for jointly encoding of the resource allocation and the DCI repetition number for CEMode A UEs. The allocated number of RBs is restricted to {2, 4, 6}. When 2 RBs are allocated, it can be implied that the channel condition is very good, so 2 repetition candidates are enough. While 4 repetition candidates are provided when the allocated RB number is 4 or 6. In this way, only 4 bits are needed to jointly indicate resource allocation and DCI repetition number, which can reduce 3 bits compared with the legacy DCI size.
Table 5. An example of joint encoding of resource allocation and DCI repetition number for CEMode A in DL
	Number of allocated RBs
	Starting position of the allocated RBs within the narrowband 
	Number of repetition candidates
	Number of states

	2
	0, 4
	2
	4

	4
	0, 1
	4
	8

	6
	0
	4
	4

	Total number of states
	
	
	16(4 bits)


Proposal 10: For the DL transmission of CEMode A UEs, jointly encode the resource allocation field and the DCI repetition number field based on the following principle:
· Less repetition number candidates are provided when the number of allocated RBs is small.
· More repetition number candidates are provided when the number of allocated RBs is large.
· Reduce the candidates of the allocated RB number.
UL transmission for CEMode A UEs
Different from the DL transmission, in order to maintain the UL coverage, small number of RBs are assigned when the channel condition is poor and large number of RBs are allocated when the channel condition is better. Therefore, when the allocated RB number is large, a small range of repetition number is enough, while a wide range of repetition number should be provided for small allocated RB number. In addition, we can also reduce the candidates of the allocated RB number to reduce the DCI size with less impact on the system performance.
In Table 6, an example is given for jointly encoding of the resource allocation and the DCI repetition number for CEMode A UEs. The allocated number of RBs is restricted to {1, 2, 4, 6}. When 1 RB is allocated, it can be implied that the channel condition is very poor, so 4 repetition candidates are provided. While 2 repetition candidates are provided when the allocated RB number is 2, 4 or 6. In this way, only 4 bits are needed to jointly indicating resource allocation and DCI repetition number, which can reduce 3 bits compared with the legacy DCI size.
Table 6. An example of joint encoding of resource allocation and DCI repetition number for CEMode A in UL
	Number of allocated RBs
	Starting position of the allocated RBs within the narrowband 
	Number of repetition candidates
	Number of states

	1
	4, 5
	4
	8

	2
	0, 4
	2
	4

	4
	0
	2
	2

	6
	0
	2
	2

	Total number of states
	
	
	16(4 bits)


Proposal 11: For the UL transmission of CEMode A UEs, joint encode the resource allocation field and the DCI repetition number field based on the following principle:
· Less repetition number candidates are provided when the number of allocated RBs is large.
· More repetition number candidates are provided when the number of allocated RBs is small.
· Reduce the candidates of the allocated RB number.
Jointly encoding of MCS and PDSCH/PUSCH repetition number
Since both the PDSCH/PUSCH repetition number and MCS order are configured based on the channel condition, they can be jointly encoded to reduce the DCI size. In other words, the range of repetition number is dependent on the MCS order. An example is given in Table 7 for both CEMode A and CEMode B UEs. Take CEMode A UEs as an example, for MCS ranges from 0 to 7, the repetition number candidates are n3 and n4, while the repetition number candidates are n1 and n2 for MCS ranges from 8 to 15.
Table 7. MCS and PDSCH/PUSCH repetition number
	CEMode A
	CEMode B

	MCS
	Repetition number candidates
	MCS
	Repetition number candidates

	0~7
	n3, n4
	0~4
	n1, n2, n3, n4

	8~15
	n1, n2
	5~9
	n5, n6, n7, n8


Proposal 12:  When multiple TBs are scheduled by one DCI, the range of the PDSCH/PUSCH repetition number is dependent on the MCS order.
MPDCCH monitoring occasions



In the existing specification, the starting subframe of MPDCCH UE-specific search space is the subframe satisfying the condition, where  and for UE-specific search space as shown in Figure 7.
[image: ][bookmark: _Ref892385]Figure 7 UE-specific search space



As one control information is used to schedule multiple TBs, UE can skip monitoring next several MPDCCH before receiving/transmitting all the transport blocks corresponding to the last MPDCCH. Thus MPDCCH monitoring occasions can be considered to be reduced to save UE power consumption.
Proposal 13: Consider reducing MPDCCH monitoring occasions for multiple TBs scheduling. 
Multiple TBs timing
For single transport block scheduling, the delay between MPDCCH and DL transmission is 2 BL/CE subframes, and 4ms between DL transmission and ACK/NACK feedback for FDD. The delay between MPDCCH and UL transmission is 4 absolute subframes, and the HARQ retransmission is scheduled via MPDCCH. 
For multiple transport block scheduling, continuous and discontinuous transmission type may have different timing relationship. Thus, the timing relationships, including that between MPDCCH and each DL transport block, that between each DL transport block and ACK/NACK feedback, and that between MPDCCH and each UL transport block need to be specified.
Proposal 14: For multiple TB scheduling, study the timing relationships:
· Between MPDCCH and each DL transport block 
· Between each DL transport block and ACK/NACK feedback
· Between MPDCCH and each UL transport block
[bookmark: _Ref129681832]Conclusions
In this contribution, some aspects of multiple TBs scheduling are discussed, and the following observations and proposals are given:
Observation 1: Time-interleaving may affect the frequency hopping.
Observation 2: Whether to indicate RV should be based on the repetition number and RV is especially essential for large scheduled TB number.
Observation 3: In option 3, FH is only supported for 1 TB and 8 TBs scheduling, which will largely degrade the BL/CE UEs performance with other scheduled TB numbers. 
Observation 4: In option 3 and option 5, almost 42% scheduling TB numbers are not supported, which will large restrict the scheduling flexibility and will increase the control channel overhead significantly.
Observation 5: In option 3 and option 5, whether to introduce RV indication is based on the scheduling TB number, which will largely degrade the system performance especially for large number of scheduled TBs.
Observation 6: In option 3 and option 5, all the fields including NDI, HARQ-ID, scheduled TB number, RV and even FH are jointly encoded together, which will increase the decoding/encoding burden and will be very hard to be captured in the spec.
Observation 7: There is no need to indicate large repetition numbers when the channel condition is good, while more flexible repetition number indication should be supported for the UEs with poor channel condition.
Proposal 1: Interleaving granularity should be introduced and its value is integral multiple of Ych.
Proposal 2: When interleaving is enabled for multiple TBs scheduling, the PUSCH/PDSCH starts at the subframe n which satisfies that n mode Ych = 0.
Proposal 3: When interleaving is enabled for multiple TBs scheduling, the frequency hopping pattern is determined based on the following equation:
[image: ]

Proposal 4: For interleaving, the symbol counter  is reset at the start of the first TB transmission and incremented for each symbol during the whole transmission of the two TBs.
· , where  is the number of scheduled TBs.
Proposal 5: The scheduling gap is dynamic activated/deactivated implicitly based on the number of the scheduled TBs in the DCI.
Proposal 6: Whether to indicate RV should be based on the repetition number, and RV can be jointly encoded with FH to further reduce the DCI size.
Proposal 7: 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
· Option 5
Proposal 8: Adopt option 1 in R1-1911381 for multiple TB scheduling in CEModeA.
Proposal 9：For scheduling multiple TBs in CE modeB, using Table 3 for UL and Table 4 for DL to indicate the number of scheduled TBs, the HARQ process number and the NDI of each scheduled TB and the index of the MCS.  
Proposal 10: For the DL transmission of CEMode A UEs, jointly encode the resource allocation field and the DCI repetition number field based on the following principle:
· Less repetition number candidates are provided when the number of allocated RBs is small.
· More repetition number candidates are provided when the number of allocated RBs is large.
· Reduce the candidates of the allocated RB number.
Proposal 11: For the UL transmission of CEMode A UEs, joint encode the resource allocation field and the DCI repetition number field based on the following principle:
· Less repetition number candidates are provided when the number of allocated RBs is large.
· More repetition number candidates are provided when the number of allocated RBs is small.
· Reduce the candidates of the allocated RB number.
Proposal 12:  When multiple TBs are scheduled by one DCI, the range of the PDSCH/PUSCH repetition number is dependent on the MCS order.
Proposal 13: Consider reducing MPDCCH monitoring occasions for multiple TBs scheduling. 
Proposal 14: For multiple TB scheduling, study the timing relationships:
· Between MPDCCH and each DL transport block 
· Between each DL transport block and ACK/NACK feedback
· Between MPDCCH and each UL transport block
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Appendix I
[bookmark: OLE_LINK40]An example of how to capture the DL multiple TB scheduling mechanism of option 1 into the specification is provided below. 
Draft text proposal for TS 36.212
<Unchanged parts are omitted>
[bookmark: _Toc10818795][bookmark: _Toc20409205]5.3.3.1.12	Format 6-1A
……
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]-	Information for SC-MCCH change notification – 2 bits as defined in subclause 5.8a of [6] (this field is present if the format 6-1A CRC is scrambled with G-RNTI)
-	DCI subframe repetition number – 0 or 2 bits as defined in subclause 9.1.5 of [3] (this field is 0 bits if Transport blocks in a bundle is present)
[bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK62]-	Multiple TB 1st indicator – 1 bit.  (this field is only present when the higher layer parameter multi-TB-DL-config is configured)
-	Multiple TB scheduling in Case 1 – 10 bits as defined in subclause 7.1.12 of [3]. (this field is only present when the multiple TB 1st indicator is set to 1).
-	Multiple TB 2nd indicator – 1 bit  (this field is only present if the multiple TB 1st indicator is set to 0)
-	Multiple TB scheduling in Case 2 – 9 bits as defined in subclause 7.1.12 of [3].  (this field is only present if the multiple TB 2nd indicator is set to 1)
-	Multiple TB scheduling in Case 3 – 7 bits as defined in subclause 7.1.12 of [3].  (this field is only present if the multiple TB 2nd indicator is set to 0)
-	Transport blocks in a bundle – 0 or 2 bits as defined in subclause 7.3.1 of [3] (this field is 2 bits when DCI Field "HARQ-ACK bundling flag" is set to 1, and the DCI is mapped onto the UE-specific search space given by the C-RNTI as defined in [3]. Otherwise this field is 0 bits) 
……
<Unchanged parts are omitted>

Draft text proposal for TS 36.213
<Unchanged parts are omitted>
7.1.12	HARQ process and NDI assignment for BL/CE UE
For BL/CE UEs configured with CEModeA, and configured with higher layer parameter multi-TB-DL-config, the HARQ process and NDI indication are determined among Case 1, Case 2 and Case 3.
Multiple TB scheduling in Case 1:
The Multiple TB scheduling in Case 1 field of DCI format 6-1A includes 10 bits {b0,b1,…,b9}, and the HARQ process numbers for multiple scheduled TBs are consecutive. For the first scheduled TB with HARQ process number j (0≤j≤7), the bj is set to 1, and {b0,b1,..,bj-1} are set to 0. If the DCI scheduling L (1≤L≤8) TBs, the b(9-L) is set to 1. The rightmost L bits in {b0,b1,…,b9} indicate the NDI for L TBs in a bitmap manner.
Multiple TB scheduling in Case 2:
The Multiple TB scheduling in Case 2 field of DCI format 6-1A  includes 9 bits, and the NDI value for each scheduled TB is the same. The leftmost one bit indicates the NDI value. The rightmost 8 bits indicate the scheduled HARQ process number in a bitmap manner.
Multiple TB scheduling in Case 3:
DCI format 6-1A can only schedule one TB or two TBs, and the Multiple TB scheduling in Case 3 field includes 7 bits {b0,b1,…,b6}. 
The b0 indicates the NDI for the first TB. The {b1,b2,b3} indicate HARQ process ID1. The {b4,b5,b6} indicate HARQ process ID2. 
For DCI schedules one TB, HARQ process ID1 is equal to HARQ process ID2, which is the HARQ process number of the TB. 
For DCI schedule two TBs, HARQ process ID1 and HARQ process ID2 are the HARQ process number for the two TBs. If HARQ process ID1 is less than HARQ process ID2, NDI value for the second TB is equal to 0. Otherwise, NDI value for the second TB is equal to 1.

image3.png
SF





image4.png
i+i,
ijmody;’gm]-,{ +[({”’A -
e *| (g0 /y)modNiémp)-fmhp)mode

e




image5.png




image6.wmf
f


image7.wmf
l

~


oleObject1.bin

oleObject2.bin

oleObject3.bin

oleObject4.bin

image8.png
1bit| bo b1 p2 | b3 | ba | b5 | b6 | b7 | b8 | po | Starting HARQ
process ID
Number of scheduled HARQ process =8
1 1[N [NO) [NE) [NG) [ N@) [NG) [N [Ny 0
Number of scheduled HARQ process =7
1 0 1_[NO) [NO) [N@) [ NG) [N@) [NG) [N(6) 0
0 1 1| NO) [NOD [N@) [NG) [N@) [NG) [N(6) 1
Number of scheduled HARQ process =6
1 0 0 1_|N©) [N [N@) [NG) [N@) [NG) 0
0 1 0 1| NO) [NO [N [NG) [N@) [NG) 1
0 0 1 1_|NO) [ NOD [NE) [NG) [N@) [NG) 2
Number of scheduled HARQ process =5
1 0 0 0 1_[N©) [ NO) [N@) [NG) [N@) 0
0 1 0 0 1| NO) [N [N@) [NG) [N@) 1
0 0 1 0 1_|N©) [ NQ) [N@) [NG) [N@) 2
0 0 0 1 1| No) [N [N [NG) [N@) 3
Number of scheduled HARQ process =4
1 0 0 0 0 1_[NO) [N [N [NG) 0
0 1 0 0 0 1| N©O) [ND [ N@) [NG) 1
0 0 1 0 0 1| NO) [N [N [NG) 2
0 0 0 1 0 1| N©O) [ND [ N@) [NG) 3
0 0 0 0 1 1| NO) [N [N [NG) 4
Number of scheduled HARQ process =3
1 0 0 0 0 0 1 NO) [NOD [NE@) 0
Casel 1 0 1 0 0 0 0 1| N(0) [N [N@) 1
0 0 1 0 0 0 1[N [N [N@) 2
0 0 0 1 0 0 1| N(0) [N [N@) 3
0 0 0 0 1 0 1[N [N [N@) 4
0 0 0 0 0 1 1| N(0) [N [N@) 5
Number of scheduled HARQ process =2
1 0 0 0 0 0 0 1_|N©) [N 0
0 1 0 0 0 0 0 1| N©) [N 1
0 0 1 0 0 0 0 1| N©) [N 2
0 0 0 1 0 0 0 1| N©) [N 3
0 0 0 0 1 0 0 1| N©) [N 4
0 0 0 0 0 1 0 1| N©) [N 5
0 0 0 0 0 0 1 1_|N©) [N 6
Number of scheduled HARQ process =1
1 0 0 0 0 0 0 0 1_[N@©) 0
0 1 0 0 0 0 0 0 1| N(0) 1
0 0 1 0 0 0 0 0 1_|N(®©) 2
0 0 0 1 0 0 0 0 1| N(0) 3
0 0 0 0 1 0 0 0 1_|N(®©) 4
0 0 0 0 0 1 0 0 1| N(0) 5
0 0 0 0 0 0 1 0 1_|N(®©) 6
0 0 0 0 0 0 0 1 1| N(0) 7
Common
Case2 1 NDI value H(0) | H(1) | H(2) | H(3) | H(4) | H(5) | H(6) | H(7)
Case3 0
(One and 0 NDI for [HARQ process ID 1 |HARQ processID 2 RV
Two TB full 1*TB (3 bits) (3 bits)
scheduling)





image9.png
[fields in the DCT 1 bit 3 bits 3 bits

Imeaning of each field |NDI for the 1 TB [HARQ process ID | [HARQ process D 2

[One TB case Single TB: HARQ process ID 1 = HARQ process ID 2
NDI=0 for 204 TB

IfHARQ process ID 1 < HARQ process ID 2
NDI=! for 204 TB

IfHARQ process ID 1 > HARQ process ID 2

Two TB case

“wo TBs: HARQ process ID 1 7 HARQ process ID 2.





image10.wmf
1

TBS

TBS

I

I

=


image11.wmf
TBS

09

I

££


image12.wmf
10

MCS

>

I


oleObject5.bin

image13.wmf
ë

û

(

)

ë

û

T

T

n

n

offset

×

=

+

a

mod

2

10

s

f


oleObject6.bin

image14.wmf
G

r

T

×

=

max


oleObject7.bin

image15.wmf
0

=

offset

a


oleObject8.bin

image16.png
time

RouG 2RyG 3RuuG ARG MR G

Single TB Scheduling ;» R J ’» Rome ] ’> . -| }> Rome —| R





oleObject9.bin

image1.png
Interleaving granularity = 4

/—A—\
LTI P




image2.png
SF




