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1. [bookmark: _Ref498589690]Introduction 
In the RAN#84 meeting, WID of additional MTC enhancement was agreed [1]. Also, several agreements on scheduling of multiple DL/UL transport blocks were made [2]. In this contribution, we discuss and provide our view on scheduling of multiple DL/UL transport blocks for MTC.

2. Discussions
2.1. Unicast DCI design for CE mode A
Maximum number of scheduled TBs and DCI size
Regarding allocation of maximum number of scheduled TBs and DCI size, following agreement were made in the last meeting: 
	Agreement
· For unicast, select option(s) from the following options
· Option 1: Scheduling of up to 8 TBs is supported with a single DCI design.
· Target for up to 6 bits overhead increase compared to legacy DCI
· Option 2: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {1, 2, [4], 8} in a UE specific manner. 
· The design methodology for the DCI for different maximum number of TBs is further studied 
· For the 2 TB case, target for up to 3 bits overhead increase compared to legacy DCI
· Note: Option 2 will require modification on existing agreement


Option 2 can reduce number of DCI bits in some cases while it requires the reduction of scheduling flexibility of the number of TBs. If 8 TB scheduling with option 2 requires same/similar DCI size compare to option 1 then it seems reasonable to adopt option 2. However, it should be noted that design methodology for the DCI for different maximum number of TBs should be as consistent as possible to reduce the specification impact. 
Proposal 1: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {2, 8} in a UE specific manner. 
HARQ process ID, NDI and number of scheduled TB
According to the agreement in the last meeting, two options can be considered for DCI design in CE mode A for HARQ process ID, NDI and number of scheduled TB.
	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


As we discussed in a previous meeting, DCI overhead reduction should be considered while preserving scheduling flexibility as much as possible. Option 1 supports consecutive allocation of HARQ process ID and restrict some set of HARQ processes. For multi-TB scheduling, amount of data to be transmitted would be very large and it would require to transmit DCI multiple times even the multi-TB scheduling method is used. Therefore, it can be expected that most MPDCCH transmission for multi-TB scheduling would convey scheduling for new data transmission. So, restriction of scheduling flexibility by a consecutive allocation of HARQ process ID might be occurred in the very last of data transmission in usual; when there are no more data to transmit. To further mitigate the scheduling restriction, option 1 supports discontinuous allocation of HARQ process ID with a same NDI value. 
Proposal 2: Select option 1 in R1-1911381 for HARQ ID, NDI and number of scheduled HARQ processes for CE mode A.

Restricting scheduling flexibility for DCI bit saving
Reducing DCI bits for MCS and Resource assignment could be considered as well. It seems obvious that small TBS values may not be used in general when multiple TBs are scheduled by a single DCI; if small TBS can be used to transmit/receive data, smaller number of TB can be used with larger TBS. Thus reducing DCI bits for MCS could be considered when multiple TBs are scheduled by a single DCI. Moreover, DCI bits for resource assignment field could be reduced as well. Resource assignment field is used for scheduling frequency domain resource. In a legacy DCI for CE mode A, 5 bits are used to schedule both number of PRBs and its location within a narrowband. If only large TBS values are expected to be used in multi-TB scheduling as we described above, small number of PRBs (e.g. 1 or 2 PRBs) may not suitable to contain data in terms of code rate point of view. Thus, eliminating some states for resource assignment to reduce the DCI size seems reasonable. 
Meanwhile, according to the agreement in the last meeting, scheduling flexibility for MCS and resource assignment should not be restricted for the 1 or 2 TBs are scheduling. To support same scheduling flexibility in 1~2 TB scheduling while eliminating some bits in MCS and RA field, using unused states in option 1 can be considered. When two MSB bits are 0 in option 1, one or two TBs can be scheduled without scheduling restriction using 7 bits, and there are two remaining bits that can be used for other purpose. By using these two bits for MCS and resource assignment indication, DCI field for MCS and resource assignment when 3~8 TB scheduling can be reduced. 
Proposal 3: For CE mode A, restrict scheduling flexibility for MCS and RA when 3~8 TBs are scheduled by a single DCI. 
· Compared to the legacy DCI, 2 bits are reduced in MCS and RA field

In legacy DCI for CE mode A, 1 bit is used for FH indicator and 2 bits are used for representing RV states. Although FH indicator is useful when number of repetition is configured for TBs, it is not needed when TBs are not repeated. Meanwhile, DCI field for RV state indication may not be required when repetition number is large; each repetition may have different RVs. However, RV need to be scheduled when TB is not repeated. By taking advantage of these characteristics, 1 bit is used for either RV or FH indication. If TB is not configured to repeat by the DCI, this one bit can be used for indicating RV state (e.g. RV0 or RV2) and FH information is not conveyed in a same DCI. Also, one bit can be used for FH indicator and pre-defined RV value could be applied when TB repetition is configured by the DCI. 
Proposal 4: For CE mode A, one bit is used to represent either RV or FH indicator. 
· If scheduled repetition number is one, one bit is used for representing RV. 
· If scheduled repetition number is greater than one, one bit is used for FH indicator.
However, we have not decided yet whether unicast multi-TB scheduling can be configured together with feature for 64 QAM for PDSCH in CE mode A. If the Rel-15 feature for 64 QAM is configured together with feature of multi-TB scheduling, using RV indication for non-repetition case cannot be supported. In general, if the effective code ratio is low, the gain from RV can be expected to be small. In this point of view eliminating RV filed when 64 QAM is supported could be considered as well to reduce DCI size for the multi-TB scheduling.
Proposal 5: If Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A is supported in unicast multi-TB scheduling and
· if 64 QAM feature is enabled by higher layer signaling, there is no explicit RV indication field.
· if 64 QAM feature is not enabled, one bit is used to represent either RV or FH indicator.

2.2. Unicast DCI design for CE mode B
HARQ process ID, NDI and number of scheduled TB
For the multi-TB scheduling DCI for CE mode B, joint encoded DCI field of HARQ process ID, NDI and number of scheduled TB in Table 1 can be considered. As shown in Table 1, the number of scheduled HARQ process can be expressed using the position where the “1” firstly appears. Also, individual NDIs for the scheduled TBS are supported; N(i) indicates NDI value for the ith TB. When 2 TBs are scheduled three bits are used to indicate scheduled HARQ process IDs. For example, one of the HARQ process ID can be derived using S(0) and S(1), and X(0) expresses the difference between scheduled HARQ process IDs. When 1 TB is scheduled 2 bits are used to indicate HARQ process ID. 
[bookmark: _Ref24148249]Table 1


Proposal 6: For DCI design for CE mode B, 6 bits are used for HARQ process ID, NDI, and number of scheduled TBs 
· If the first bit is 1, 
· 2 TBs are scheduled
· 3 bits are used for allocating HARQ process ID and 2 bits are used for NDI
· Else if second bit is 1, 
· 4 TBs are scheduled
· 4 bits are used for NDI
· Else if third bit is 1, 
· 1 TB is scheduled
· 2 bits are used for allocating HARQ process ID and 1 bit are used for NDI

2.3. Unicast HARQ-ACK feedback
One of the major differences from the legacy HARQ process could be a method of HARQ-ACK reporting. According to the agreement in the last meeting, individual HARQ-ACK feedback for each HARQ process is supported for multi-TB scheduling. In a simplest way, reusing legacy HARQ-ACK feedback channel design with some modification on scheduling can be considered. However, it should be noted that power consumption efficiency and resource overhead problem of multiple HARQ process are not considered in legacy HARQ-ACK feedback channel design. Thus, enhanced HARQ-ACK feedback design should be discussed further.
In Rel-14, HARQ-ACK bundling can be used only when both MPDCCH and PDSCH are not repeated. Thus, it is very natural to support HARQ-ACK bundling in non-repetition case. Moreover supporting HARQ-ACK bundling for repetition case could be considered to enhance the UL resource efficiency and delay. Unlike single-TB scheduling, interleaved transmission can be applied for multi-TB scheduling in repetition case. If interleaved transmission is used, all scheduled TBs would have similar received SINR. Therefore, HARQ-ACK bundling would be more useful in the interleaved transmission case. Thus HARQ-ACK bundling should be supported at least for interleaved transmission in repetition case. 
Proposal 7: Support bundling for both repeated and non-repeated transmissions when interleaved transmission is enabled.

If individual HARQ-ACK is supported, HARQ-ACK resources are scheduled for the number of scheduled HARQ processes. In this case, it would be beneficial to transmit HARQ-ACK feedback for ACK reporting only, while DTX is used for NACK representation. In case of DTX, UE can save the power for a HARQ-ACK transmission. However, if DTX is used for representing NACK for individual HARQ processes, eNB may not distinguish all NACK case from DCI missing case. To solve the problem, representing NACK on a scheduled HARQ-ACK resource only for all NACK case can be considered.
Proposal 8: If individual HARQ-ACK is used in multi-TB scheduling, UE transmits HARQ-ACK for ACK reporting while DTX is used for NACK representation.
· Explicit NACK transmission can be considered to represent NACK for all scheduled HARQ processes

3. Conclusion
In this contribution, we discuss and provide our view on the multiple transport blocks scheduling for MTC. The proposals of this contribution are summarized as follows.
Proposal 1: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {2, 8} in a UE specific manner. 
Proposal 2: Select option 1 in R1-1911381 for HARQ ID, NDI and number of scheduled HARQ processes for CE mode A.
Proposal 3: For CE mode A, restrict scheduling flexibility for MCS and RA when 3~8 TBs are scheduled by a single DCI. 
· Compared to the legacy DCI, 2 bits are reduced in MCS and RA field
Proposal 4: For CE mode A, one bit is used to represent either RV or FH indicator. 
· If scheduled repetition number is one, one bit is used for representing RV. 
· If scheduled repetition number is greater than one, one bit is used for FH indicator.
Proposal 5: If Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A is supported in unicast multi-TB scheduling and
· if 64 QAM feature is enabled by higher layer signaling, there is no explicit RV indication field.
· if 64 QAM feature is not enabled, one bit is used to represent either RV or FH indicator.
Proposal 6: For DCI design for CE mode B, 6 bits are used for HARQ process ID, NDI, and number of scheduled TBs 
· If the first bit is 1, 
· 2 TBs are scheduled
· 3 bits are used for allocating HARQ process ID and 2 bits are used for NDI
· Else if second bit is 1, 
· 4 TBs are scheduled
· 4 bits are used for NDI
· Else if third bit is 1, 
· 1 TB is scheduled
· 2 bits are used for allocating HARQ process ID and 1 bit are used for NDI
Proposal 7: Support bundling for both repeated and non-repeated transmissions when interleaved transmission is enabled.
Proposal 8: If individual HARQ-ACK is used in multi-TB scheduling, UE transmits HARQ-ACK for ACK reporting while DTX is used for NACK representation.
· Explicit NACK transmission can be considered to represent NACK for all scheduled HARQ processes
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