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1. [bookmark: _Ref498589690]Introduction 
In the RAN#80 meeting, new Rel-15 work item of MTC enhancement was agreed [1]. Also, several agreements on scheduling of multiple DL/UL transport blocks were made[3]. List of agreements in the last RAN1 meeting are as follows:
	Working Assumption
· For unicast, scheduling of initial and retransmission TB(s) within one DCI is supported.
· Till the RAN1#98 meeting, consider potential simplifications that can help achieve a tradeoff between scheduling flexibility and DCI size. For example:
· Configurable maximum number of TBs per grant 
· Maximum size of DCI 
· Joint coding of DCI fields
· Reduced TBS choices
· Reduced resource allocation choices
· Reduced/eliminated RV field

Working Assumption
For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by [RRC and/or DCI]
· The support of scheduling gaps is UE optional feature regardless of the support of multiple TBs
· FFS: Details on the scheduling gap such as duration, applicability, etc.

Agreement
For scheduling of multiple TBs with SC-MTCH, scheduling gaps are supported.

Agreement
For scheduling of multiple TBs with SC-MTCH, a DCI field indicates the number of scheduled TBs.


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 unicast when multi-TBs are scheduled, whether to schedule initial and retransmission TBs within one DCI should be decided. In some cases initial and retransmission TBs might require different scheduling information such as TBS, MCS, and/or RV. In scheduling flexibility point of view, using separate DCI might be beneficial. However, it would not beneficial in network resource overhead point of view, because DCI should be transmitted multiple times if eNB want to schedule initial and retransmission at once. Thus scheduling initial and retransmission TBs with a single DCI should be supported. 
Proposal 1: Confirm the following working assumption:
· For unicast, scheduling of initial and retransmission TB(s) within one DCI is supported.

To support multi-TB scheduling using single DCI, some additional information should be conveyed compare to the legacy DCI format. In scheduling flexibility point of view, supporting scheduling parameters with separate DCI field for each TBs might be beneficial. However, conveying scheduling information separately may increase required number of DCI bits. To guarantee target MCL while preserving number of repetition for MPDCCH transmission in multi-TB scheduling DCI design, number of DCI bits should also be maintained as much as possible. In this point of view, joint encoding could be considered for some information. 
For multi-TB scheduling, at least number of HARQ process, HARQ process ID, and NDI of each scheduled HARQ process should be guaranteed. However, representing all possible candidate that can be scheduled by a DCI would require large DCI bits even if joint encoding is applied. To reduce the DCI overhead further, some restriction should be considered. In multi-SF scheduling in LAA, number of HARQ process, starting HARQ process ID, and NDI for each HARQ process are conveyed by DCI. In this method only the consecutive HARQ process IDs can be scheduled at once. Likewise, MTC can adopt the same design principle to reduce the number of DCI bits in multi-TB scheduling DCI design. For example, the DCI can represent number of scheduled TBs from 1 to 8 in CE mode A, and 1 to 4 in CE mode B. To represent HARQ process IDs of scheduled TBs, information of starting HARQ process ID can be conveyed. Based on these two information, consecutive HARQ process IDs can be represented. Also, NDI which represent toggled or not can be conveyed as many as number of scheduled TBs. If this scheduling principle is used in CE mode A, any number of multiple TB scheduling with consecutive HARQ process ID requires information of 2288 states if NDI can be represented for each scheduled HARQ process ID. By using joint encoding, 12 bits are required. 
Figure 1 shows an example of the joint encoded DCI field of HARQ process IDs of scheduled TBs, information of starting HARQ process ID and NDIs for CE mode A. As shown in Figure 1 (a), the number of scheduled HARQ process can be expressed using the position where the “1” first appear. Remaining bit indices after first “1” is used for representing individual NDI of each scheduled TBs. For example, to indicate N-HARQ process, the first 8-N bit(s) are “0” while the bit index of #(8-N) is “1”, and remaining N bits (bit index of #(8-N+1)~#8) are used for representing NDI for each scheduled TBs. For representing schedule HARQ process IDs, 3 additional bits can be used. An example of 3 bits information for starting HARQ process ID is shown in Figure 1 (b). Note that further bit reduction of this DCI field can be considered by restricting some scheduling flexibility to reduce the DCI overhead. 


[bookmark: _Ref7803870]Figure 1


Proposal 2: For CE mode A, HARQ process ID, the number of scheduled HARQ processes, and NDI are signaled by 12 bit-long joint encoding scheme as follows:
· HARQ process IDs scheduled by a multi-TB scheduling DCI are consecutive.
· 9 bits are used for representing the number of scheduled HARQ processes and individual NDIs.
· If the number of scheduled HARQ processes is N, the first 8-N bit(s) are “0” and the (9-N)th bit is “1”. Remaining N bits are used for representing individual NDIs of scheduled HARQ processes.
· 3 bits are used for representing the starting HARQ process ID.

In a similar way, the joint encoded DCI field of HARQ process IDs of scheduled TBs, information of starting HARQ process ID and NDIs can be considered for CE mode B as shown in Figure 2. 


[bookmark: _Ref7807655]Figure 2

Proposal 3: For CE mode B, HARQ process ID, the number of scheduled HARQ processes, and NDI are signaled by 7 bit-long joint encoding scheme as follows:
· HARQ process IDs scheduled by a multi-TB scheduling DCI are consecutive.
· 5 bits are used for representing the number of scheduled HARQ processes and individual NDIs.
· If the number of scheduled HARQ processes is N, the first 4-N bit(s) are “0” and the (5-N)th bit is “1”. Remaining N bits are used for representing individual NDIs of scheduled HARQ processes.
· 2 bits are used for representing the starting HARQ process ID.

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.
Proposal 4: Restriction of DCI fields for MCS and resource allocation is considered to reduce the size of multi-TB scheduling DCI. (e.g. Reducing 1~2 bits)

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 5: 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.

In the last meeting, there was a discussion whether to allow eNB to configure number of TBs per grant. In general, DCI size could be reduced if the smaller number of TBs per grant is configured. This might be useful in some cases; network can configure higher number of TBs per grant if MPDCCH decoding performance of the UE is guaranteed, while smaller number of TBs per grant would be required to reduce the DCI size to increase the MPDCCH decoding performance. However, it should be noted that simple and unified DCI design principle regardless number of TBs per grant is preferable in UE perspective. 

DL/UL gap between repetitions
To improve the resource efficiency and power consumption reduction of the UE, using gap between repetitions can be considered. It can be expected that configuring gap in the middle of PDSCH/PUSCH transmission can increase the time diversity. According to the evaluation results in [2], SNR gain can be achieved when gap is configured between repetitions. It is obvious that larger gap can serve higher time diversity, while it may cause lower data transmission speed. Thus suitable size of gap should be discussed carefully. 
In another point of view, configuring gap on a UE-specific search space can be considered. If multiple TBs are scheduled by a single DCI, TBs transmission would require much longer time than single TB scheduling. If UE miss a DCI, it would be difficult to be notifying missing until the end of the transmissions of TBs which are scheduled by a previous DCI. If a gap is configured on a UE-specific search space where UE monitors, UE which miss the DCI can have a chance to be scheduled for the remaining TB transmissions. Note that this gap can be used for other purpose also; eNB can use the gap to transmit any signal/channel for other UEs.
As we discussed above, configuring gap within a multiple TBs transmission can be beneficial because it helps increasing the time diversity gain and/or reducing the impact on DCI missing case. However, it should be also noted that transmission latency would be increased if the gap is configured larger or frequently. Details of gap configuration and usage of the gap should be discussed further. 
Proposal 6: In case of multi-TB scheduling via single DCI, gap can be configured for following purposes: .
· Utilizing DL/UL gap(s) for the time diversity gain.
· Configuring DL/UL gap(s) on UE-specific search space(s) to reduce the impact on missing of multi-TB scheduling DCI.

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.
For CE mode A, it was agreed that HARQ-ACK feedback bundling on PUSCCH can be supported. It is important to decide suitable maximum bundling size for HARQ-ACK feedback bundling. In uplink resource efficiency and scheduling restriction point of view, bundling more HARQ-ACK feedback would be beneficial. Meanwhile, undesirable retransmission can be increased due to the restriction of 1 bit information. Also, effective maximum bundling size may vary depending on the situation. For example, if interleaved transmission is disabled, the similarity of channel condition between TBs deceases as the number of repetition of TBs are increased. Thus, deciding maximum bundling size based on repetition number of TBs would be beneficial when interleaved transmission is disabled. Meanwhile, if interleaved transmission is enabled, impact on similarity of channel condition between TBs by the number of repetition would be small. Thus, allowing larger bundling size for interleaved transmission would be beneficial when repetition number is large.
Proposal 7: Maximum bundling size depends on whether interleaved transmission is enabled. 

Unlike legacy HARQ process with individual DCI, UE could notice exact number of HARQ process at once using single DCI. So, transmitting multiple HARQ-ACK feedback using single HARQ-ACK channel can be work in this method. HARQ-ACK bundling or HARQ-ACK multiplexing could be considered. UE in deep coverage may require HARQ-ACK bundling, which represents one-bit bundled HARQ-ACK information, to reduce the latency due to the HARQ-ACK reporting. On the other hand, HARQ-ACK multiplexing, which represents multi-bit information within a single physical channel, would be more beneficial in case of UE in normal coverage level. It seems reasonable to support at least one of these HARQ-ACK methods to enhance the efficiency of multiple HARQ process with single DCI also for CE mode B. 
Proposal 8: Efficient HARQ-ACK feedback mechanisms (e.g. HARQ-ACK bundling and/or multiplexing) corresponding to multiple transport blocks scheduled via single DCI needs to be introduced for unicast channels for CE mode B.

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 9: 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

2.2. SC-PTM
In MTC, SC-PTM can be used for multicast. It can be used for various types of service. In some SC-PTM applications, data traffic to be transmitted by multicast channel may exceed the maximum TBS which can be used for SC-MTCH transmission (e.g. firmware update). Also, SC-PTM can be used for periodic data which may have stable traffic pattern (e.g. billboard). In these cases, eNB can expect the required traffic pattern to be transmitted. Thus, instead of transmitting DCI for every SC-MTCH transmission, configure pre-defined transmission pattern for multicast purpose would be beneficial in some scenario. 
To indicating scheduling information of multiple TBs for SC-MTCH two candidate approaches could be considered. First, indicating scheduling information using DCI could be considered. For example, number of TBs and their resource allocation can be conveyed by DCI. In this approach, it seems necessary to introduce new DCI design. Thus, search space configuration and G-RNTI value should be configured separately only for multi-TB capable Rel-16 UEs. New DCI based dynamic multiple TBs scheduling can have benefits in scheduling flexibility point of view. In this case, design principle of multi-TB scheduling DCI for unicast can be shared to reduce the effort of standardization. However, legacy multi-TB non-capable UEs that requires same SC-PTM service with multi-TB capable UEs cannot recognize the new DCI. Thus eNB may need to transmit same SC-MTCH multiple times, resulting in increased the DL resource overhead. It should be noted that one of the main purpose of introducing the multi-TB transmission is to reduce the network overhead.
Observation 1: It is beneficial to the network in terms of scheduling flexibility but the network overhead would be increased if new DCI with separate G-RNTI which can dynamically schedule multiple PDSCHs for SC-MTCH is introduced. 

Alternatively, using same DCI and G-RNTI with legacy UE for multi-TB scheduling in SC-MTCH can be considered. If the same DCI and G-RNTI is used for Rel-16 multi-TB capable UEs, SC-MTCH transmission for legacy SC-MTCH would be easily shared with Rel-16 multiple TBs capable UEs by configuring same G-RNTI. Thus, in resource efficiency point of view, reusing same DCI and G-RNTI may be more beneficial than new DCI design approach. Note that there is no remaining bit or state in legacy DCI format for SC-MTCH, so dynamic scheduling of multiple SC-MTCH cannot be performed. Instead, pre-defined DCI skipping rule in UE perspective can be introduced that can be configured by SC-PTM configuration message in SC-MCCH. For example, if Rel-16 multi-TB capable UE obtain grant for SC-MTCH, it can skip following search spaces but can expect multiple SC-MTCH transmission. Number of SC-MTCH transmission that can be expected by UE with a single DCI can be configured by SC-MCCH. In this approach, SC-MTCH transmission in eNB perspective is same as for legacy UEs. In UE perspective, power consumption efficiency could be increased by reducing blind decoding attempts. Figure 1 shows an example of Rel-16 UE behavior with DCI skipping method.
Observation 2: It is beneficial to both UE and network in terms of power and downlink resource efficiency if UE is allowed to periodically skip monitoring MPDCCHs scrambled with G-RNTI in the Type-2A common search space and directly read PDSCHs for SC-MTCH based on the scheduling information obtained by a DCI which schedules PDSCH for SC-MTCH in the preceding Type-2A common search space.

Proposal 10: For multiple SC-MTCH transmission, introduce DCI skipping mechanism which allows UE to periodically skip monitoring MPDCCHs scrambled with G-RNTI in the Type-2A common search space and directly read PDSCHs for SC-MTCH based on the scheduling information obtained by a DCI which schedules PDSCH for SC-MTCH in the preceding Type-2A common search space.
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2.3. Interleaved transmission
In MTC, subframe level repetition can be scheduled to extend coverage level. If the repetition level is long enough, time diversity gain can be achieved. To enhance the time diversity gain in multiple transport block transmission, interleaved transmission of transport blocks could be considered. Also, this kind of interleaved pattern would be more suitable for early termination process. For example, if UE could succeed decoding of whole HARQ-process, early HARQ-ACK feedback could be used to reduce the latency for the next DCI grant. Note that interleaved transmission pattern can be considered not only for shared channels(e.g. PDSCH and PUSCH format 1) but also for control channel(e.g. PUCCH)
It is clear that UE power consumption efficiency can be improved if PDSCH/PUSCH decoding can be finished as soon as possible. In interleaved TB pattern point of view, improving decoding performance of each sub-block (i.e. interleaved TB) would be beneficial to finish the decoding with small repetition number. To enhance the decoding performance within a sub-block, at least one repetition of PDSCH/PUSCH should be contained in each sub-block. Also, repetition structure for symbol level combining, which is already used for legacy PDSCH/PUSCH repetition in CE mode B, should be considered in interleaved TBs structure as well. Figure 2 shows an example of multiple transport block transmission patterns.
Proposal 11: When scheduled TBs are interleaved, the cyclic repetition pattern should be preserved
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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.
Observation 1: It is beneficial to the network in terms of scheduling flexibility but the network overhead would be increased if new DCI with separate G-RNTI which can dynamically schedule multiple PDSCHs for SC-MTCH is introduced. 
Observation 2: It is beneficial to both UE and network in terms of power and downlink resource efficiency if UE is allowed to periodically skip monitoring MPDCCHs scrambled with G-RNTI in the Type-2A common search space and directly read PDSCHs for SC-MTCH based on the scheduling information obtained by a DCI which schedules PDSCH for SC-MTCH in the preceding Type-2A common search space.

Proposal 1: Confirm the following working assumption:
· For unicast, scheduling of initial and retransmission TB(s) within one DCI is supported.

Proposal 2: For CE mode A, HARQ process ID, the number of scheduled HARQ processes, and NDI are signaled by 12 bit-long joint encoding scheme as follows:
· HARQ process IDs scheduled by a multi-TB scheduling DCI are consecutive.
· 9 bits are used for representing the number of scheduled HARQ processes and individual NDIs.
· If the number of scheduled HARQ processes is N, the first 8-N bit(s) are “0” and the (9-N)th bit is “1”. Remaining N bits are used for representing individual NDIs of scheduled HARQ processes.
· 3 bits are used for representing the starting HARQ process ID.

Proposal 3: For CE mode B, HARQ process ID, the number of scheduled HARQ processes, and NDI are signaled by 7 bit-long joint encoding scheme as follows:
· HARQ process IDs scheduled by a multi-TB scheduling DCI are consecutive.
· 5 bits are used for representing the number of scheduled HARQ processes and individual NDIs.
· If the number of scheduled HARQ processes is N, the first 4-N bit(s) are “0” and the (5-N)th bit is “1”. Remaining N bits are used for representing individual NDIs of scheduled HARQ processes.
· 2 bits are used for representing the starting HARQ process ID.
Proposal 4: Restriction of DCI fields for MCS and resource allocation is considered to reduce the size of multi-TB scheduling DCI. (e.g. Reducing 1~2 bits)
Proposal 5: 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 6: In case of multi-TB scheduling via single DCI, gap can be configured for following purposes: .
· Utilizing DL/UL gap(s) for the time diversity gain.
· Configuring DL/UL gap(s) on UE-specific search space(s) to reduce the impact on missing of multi-TB scheduling DCI.
Proposal 7: Maximum bundling size depends on whether interleaved transmission is enabled. 
Proposal 8: Efficient HARQ-ACK feedback mechanisms (e.g. HARQ-ACK bundling and/or multiplexing) corresponding to multiple transport blocks scheduled via single DCI needs to be introduced for unicast channels for CE mode B.
Proposal 9: 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
Proposal 10: For multiple SC-MTCH transmission, introduce DCI skipping mechanism which allows UE to periodically skip monitoring MPDCCHs scrambled with G-RNTI in the Type-2A common search space and directly read PDSCHs for SC-MTCH based on the scheduling information obtained by a DCI which schedules PDSCH for SC-MTCH in the preceding Type-2A common search space.
Proposal 11: When scheduled TBs are interleaved, the cyclic repetition pattern should be preserved
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