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1. [bookmark: _Ref498589690]Introduction 
In the RAN#90 meeting, new Rel-15 work item of NB-IoT enhancement was agreed [1]. Also, several agreements on scheduling of multiple DL/UL transport blocks were made in the last RAN1 meeting as follows:
	Agreements
Individual feedback for each HARQ process is supported. 
FFS if HARQ bundling/multiplexing can be optionally supported.

Agreements
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, the relationship(s) between HARQ process and TB is/are selected from the following two candidates(multiple choices are allowed)
•  Relationship 1: 1 HARQ process corresponds to 1 TB
•  Relationship 2: 1 HARQ process corresponds up to 2 TBs

Agreements
One DCI can be used to schedule both initial and retransmission of different HARQ processes.

Agreements
For unicast, when all the TBs are scheduled by one DCI
•  MCS, repetition number, resource allocation, are common across all UL transport blocks
•  There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, Flag for differentiation
•  MCS, repetition number, resource assignment are common across all DL transport blocks
•  There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, NPDCCH order indicator, Flag for differentiation
•  FFS: HARQ-ACK resource


Agreements
For unicast, relationship 1 is supported: 1 HARQ process corresponds to 1 TB
•  FFS: Whether to support relationship 2 (1 HARQ process corresponds up to 2 TBs) in addition to relationship 1
•  RAN1 will make decision on the support for the FFS part in RAN1#96bis

Agreements
For unicast, scheduling gaps between TBs scheduled by one single DCI are not supported for relationship 1

Agreements
For TBs scheduled by one DCI that are contiguous, the ACK/NACK resources are back-to-back. FFS details.


In this contribution, we discuss and provide our view on scheduling of multiple DL/UL transport blocks for NB-IoT.

2. Discussions
2.1. Unicast
Relationship between HARQ process and TB
In unicast, HARQ process ID can be used to handle transmission / retransmission of multiple TBs. In NB-IoT maximum 2-HARQ process can be configured if a UE has a 2-HARQ capability. According to the agreement in a previous meeting, multi-TB scheduling can support maximum 2 HARQ processes in NB-IoT.  Also, it was agreed to support relationship 1; for unicast, 1 HARQ process corresponds to 1 TB. Remaining issues on the relationship between HARQ process and TB is a relationship 2; 1 HARQ process corresponds to 2 TBs. 
There were some proposals for supporting multi-TB scheduling for 1-HARQ process capable UEs. For example splitting TBS to multiple TBs can be used to meet the soft buffer restriction of 1-HARQ process capability while supporting multi-TB scheduling using single DCI. It might be useful if 2 TBs can be handled separately. However, current HARQ process mechanism is not suitable to support TBS splitting which may cause significant specification impact in other working groups. Also, it should be noted that major purpose of the multi-TB scheduling is to reduce the network resource overhead especially in control channel. 
In another way, supporting 2 TBs without TBS limitation can be considered if HARQ-ACK can be transmitted during a gap between 2 TBs [3]. In this method, UE transmits HARQ-ACK which corresponds to the first TB during a gap. After that, UE should monitor USS during a gap regardless of the decoding result of the first TB. If ACK is reported, eNB can transmit new TB without additional DCI transmission. From UE perspective, if UE reports ACK and it cannot find DCI during a gap, it can expect new TB transmission which was scheduled by the first DCI. If NACK is reported after the first TB transmission, eNB can transmit new DCI to schedule re-transmission. If UE find DCI during a gap, scheduling information of the first DCI is replaced by the one of the new DCI. In this method, eNB can save network overhead due to the DCI transmission in case of ACK. However, there is no benefits from the UE perspective. Moreover, UE power consumption would be increased due to the search space monitoring during a gap. In NB-IoT, UE shall monitor a set of NPDCCH candidates at a search space. In a legacy DCI scheduling method, UE can terminate blind decoding if it success DCI decoding even before the maximum repetition number of NPDCCH transmission. However, if DCI is not transmitted, UE should keep blind decoding until the end of the configure search space. In NB-IoT, it should be noted that it is not desirable to save network overhead at the expense of UE power consumption.
Observation 1: In relationship 2 with non-continuous transmission, UE power consumption would be increased.

DCI design
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 NPDCCH 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. These information can be represented by 3 bits joint encoding. Among 3 bits, one bit is used as a flag to represent number of scheduled TBs by the DCI. If one bit flag indicates 1 TB scheduling, another one bit represent HARQ process ID while the other bit is used for NDI information. If one bit flag indicates 2 TB scheduling, other 2 bits represent NDI information of two HARQ process IDs each. Note that legacy DCI format for 2-HARQ process uses 2 bits to represent HARQ process ID and NDI. Compare to the legacy DCI format only additional one bit is required for scheduling multi-TB using single DCI. 



Proposal 1: HARQ process ID, the number of scheduled HARQ processes, and NDI are signaled by 3 bit-long joint encoding scheme as follows:
· 1 bit is used as a flag indicating the number of scheduled TBs between 1 and 2
· when the flag indicates 1 TB scheduling, another bit signals a scheduled HARQ process ID and the other bit conveys NDI information
· when the flag indicates 2 TBs scheduling, the other 2 bits convey NDI information of each HARQ process ID

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 a previous 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.
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. 
Proposal 2: 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 .

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 3: 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 NB-IoT, 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 2: 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 NPDSCHs 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 3: It is beneficial to both UE and network in terms of power and downlink resource efficiency if UE is allowed to periodically skip monitoring NPDCCHs scrambled with G-RNTI in the Type-2A common search space and directly read NPDSCHs for SC-MTCH based on the scheduling information obtained by a DCI which schedules NPDSCH for SC-MTCH in the preceding Type-2A common search space.
Proposal 4: For multiple SC-MTCH transmission, introduce DCI skipping mechanism which allows UE to periodically skip monitoring NPDCCHs scrambled with G-RNTI in the Type-2A common search space and directly read NPDSCHs for SC-MTCH based on the scheduling information obtained by a DCI which schedules NPDSCH for SC-MTCH in the preceding Type-2A common search space.



[bookmark: _Ref525846931]Figure 1 Example of skipping DCI method for SC-MTCH

2.3. Interleaved transmission
In NB-IoT, 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. NPDSCH and NPUSCH format 1) but also for control channel(NPUSCH format 2).  
It is clear that UE power consumption efficiency can be improved if NPDSCH/NPUSCH 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 NPDSCH/NPUSCH should be contained in each sub-block. Also, cyclic repetition structure for symbol level combining, which is already used for legacy NPDSCH/NPUSCH repetition, should be considered in interleaved TBs structure as well. Figure 2 shows an example of multiple transport block transmission patterns.
Proposal 5: Interleaved transmission of multiple transport blocks scheduled via single DCI should be introduced.
· Each interleaved transport blocks should contain at least one repetition of NPDSCH/NPUSCH.
· Cyclic repetition pattern should be considered in designing interleaving pattern  



[bookmark: _Ref525889186]Figure 2  Example of interlaced transmission pattern

3. Conclusion
In this contribution, we discuss and provide our view on the multiple transport blocks scheduling for NB-IoT. The proposals of this contribution are summarized as follows.
Observation 1: In relationship 2 with non-continuous transmission, UE power consumption would be increased.
Observation 2: 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 NPDSCHs for SC-MTCH is introduced. 
Observation 3: It is beneficial to both UE and network in terms of power and downlink resource efficiency if UE is allowed to periodically skip monitoring NPDCCHs scrambled with G-RNTI in the Type-2A common search space and directly read NPDSCHs for SC-MTCH based on the scheduling information obtained by a DCI which schedules NPDSCH for SC-MTCH in the preceding Type-2A common search space.

Proposal 1: HARQ process ID, the number of scheduled HARQ processes, and NDI are signaled by 3 bit-long joint encoding scheme as follows:
· 1 bit is used as a flag indicating the number of scheduled TBs between 1 and 2
· when the flag indicates 1 TB scheduling, another bit signals a scheduled HARQ process ID and the other bit conveys NDI information
· when the flag indicates 2 TBs scheduling, the other 2 bits convey NDI information of each HARQ process ID
[bookmark: _GoBack]Proposal 2: 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.
Proposal 3: 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 4: For multiple SC-MTCH transmission, introduce DCI skipping mechanism which allows UE to periodically skip monitoring NPDCCHs scrambled with G-RNTI in the Type-2A common search space and directly read NPDSCHs for SC-MTCH based on the scheduling information obtained by a DCI which schedules NPDSCH for SC-MTCH in the preceding Type-2A common search space.
Proposal 5: Interleaved transmission of multiple transport blocks scheduled via single DCI should be introduced.
· Each interleaved transport blocks should contain at least one repetition of NPDSCH/NPUSCH.
· Cyclic repetition pattern should be considered in designing interleaving pattern  
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