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1	Introduction
In the Work Item (WI) for Rel-16 MTC enhancements for LTE, one of the objectives is scheduling enhancements [1]:
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In RAN1 #94 the following agreement was made with respect to Scheduling of multiple DL/UL transport blocks:
Agreement
Specify scheduling of multiple transport blocks for both CE Mode A and B
Agreement
The possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD
Agreement
When scheduling of multiple TBs is enabled, the number of scheduled transport blocks (>= 1) should be dynamically selected via DCI. The maximum number of scheduled transport blocks with one single DCI is [TBD].
The number of blind decodes for MPDCCH is not increased as a result of scheduling multiple TBs
Conclusion
When multiple TBs are scheduled by one DCI, study interleaving amongst TBs from different HARQ process in cases of repetitions
· Companies are encouraged to submit evaluation results in the next RAN1 meeting

Agreement
One DCI to schedule multiple TBs for SC-MCCH is not supported
Working assumption
For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process. 
In this contribution, further discussions are provided on the topic.
[bookmark: _Ref178064866]2	Unicast
2.1	Mapping of transport blocks to HARQ processes
The number HARQ processes for a BL/CE UE is described in [2], and for FDD the following is supported:
· In CE Mode A, there shall be at most 8 uplink HARQ processes per serving cell. 
· In CE Mode B, there shall be at most 2 uplink HARQ processes per serving cell. 
· In downlink, there shall be a maximum of 8 downlink HARQ processes per serving cell unless the BL/CE UE configured with CE Mode A and higher layer parameter ce-pdsch-tenProcesses-config set to 'On' for which there shall be a maximum of 10 downlink HARQ processes per serving cell.

Mapping several transport blocks to single HARQ process would require significant updates to the basic design, and considering that multiple HARQ process are available, each transport block is proposed to be mapped to a unique HARQ process.
[bookmark: _Toc525917433]For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process.
Due to that the traffic can change dynamically, the number of scheduled HARQ processes should be indicated dynamically in the DCI rather than to let the UE to monitor two different DCI formats, one for single HARQ process scheduling and one for multiple HARQ process scheduling. To reduce the DCI size, the maximum possible HARQ processes that can be scheduled at once can be configured via RRC.
[bookmark: _Toc525917434]The maximum number of HARQ processes that can be scheduled at once is configured via RRC.
2.2	HARQ ACK/NAK feedback
For Rel-13 functionality, the maximum DL throughput for a half-duplex FDD UE is 300 kbps with the scheduling pattern according to Figure 1. The Rel-14 HARQ-ACK bundling functionality allows for the ACK/NACK feedback from up to 4 TBs to be bundled, and scheduling pattern for maximum throughput of 530 kbps is depicted in Figure 2. 
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[bookmark: _Ref521423007][bookmark: _Ref521423002]Figure 1: Scheduling pattern for maximum DL throughput of Rel-13 BL/CE UE in half-duplex FDD.
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[bookmark: _Ref521423078]Figure 2: Scheduling pattern for maximum DL throughput using Rel-14 HARQ-ACK bundling functionality for BL/CE UE in half-duplex FDD.

An example of scheduling 4 transport blocks, each with 4 repetitions on PDSCH, with a single DCI is presented in Figure 3. Two alternatives for the HARQ-ACK feedback are displayed:
Alt-1: Independent HARQ-ACK feedback for each transport block following the Rel-13 design
Alt-2: Bundled HARQ-ACK for all transport blocks following the Rel-14 HARQ-ACK bundling design
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[bookmark: _Ref521509616]Figure 3: Example of scheduling pattern for multiple DL transport blocks with single DCI.
A drawback of Alt-1 is that excessive UL resources may be required, but the benefit is that the error rate may be lower, and it is a conceptually simpler solution. Considering that scheduling of multiple transport blocks via a single DCI may be used in scenarios with poor coverage, it is proposed that the different transport blocks use individual HARQ ACK/NACK feedbacks in sequential subframes following the last PDSCH transmissions, with the timing constraints for the HARQ-ACK based on the first transport block.
[bookmark: _Toc525917435]The different transport blocks use individual HARQ ACK/NACK feedbacks in sequential subframes following the last PDSCH transmissions, with the timing constraints for the HARQ-ACK based on the first transport block.
2.2	Interleaving and scheduling gaps
The individual transport blocks can either be sent back to back in sequential order (as depicted in Figure 3) or in an interleaved fashion, potentially also with scheduling gaps [3].
A benefit from interleaving and scheduling gaps is time diversity gains but considering that diversity gains also can be accomplished via HARQ retransmissions, it is proposed that the repetitions of the transport blocks are sequentially transmitted.
[bookmark: _Toc525917436]Interleaving of multiple transport blocks or scheduling gaps are not supported when the transport blocks are scheduled by the same DCI.
2.3 	HARQ retransmissions
For HARQ retransmission, it is required that the same transport block size is used for the retransmission as the initial transmission, otherwise it is not possible to combine the transmissions. However, the MCS and number of repetitions may be different. 
Support for multiplexing HARQ processes with initial transmissions and retransmissions may increase the DCI size. Additionally, the effect of transmission errors in the respective channels MPDCCH, PUSCH, PDSCH, and PUCCH need to be considered.
[bookmark: _Toc525917431]If a single DCI can be used to schedule a mix of initial and retransmission on different HARQ processes, the trade-off between flexibility, DCI overhead, and robustness to transmission errors should be carefully studied.  

2.4	DCI size
Table 1 and Table 2 presents an overview of the DCI fields in format 6-1A and format 6-0A, respectively, and an initial evaluation of which fields that are affected by scheduling multiple transport blocks in one common DCI. The fields that mainly are affected by the allocation of several transport blocks can be divided into three groups:
· HARQ process number and the new data indicator (NDI) related to the HARQ processes
· Resource assignment (scheduling interaction between different UEs)
· MCS, repetition numbers, and redundancy version (only affecting a single UE)
For these fields, a combination of dynamic indication and semi-static configuration may be considered to limit the impact on the size of the DCI while at the same time obtaining sufficient scheduling enhancements. 
[bookmark: _Ref521514743]Table 1: Initial evaluation of impacted fields in DCI format 6-1A
	DCI field
	Number of bits in legacy DCI format 6-1A
	Interpretation when multiple transport blocks enabled via RRC

	Flag for 6-0/6-1 differentiation
	1
	Same value for all TBs

	Frequency-hopping flag
	1
	Same value for all TBs

	Resource assignment
	5-9
	Same value for all [initial transmissions] TBs

	Number of PDSCH repetitions
	2
	Same value for all [initial transmissions] TBs

	HARQ process number
	3 (FDD) or 4 (TDD) 
	Needs modification via a combination of dynamic and semi-static configuration. 

	MCS
	4
	Same value for all [initial transmissions] TBs

	RV
	2
	Same value for all [initial transmissions] TBs

	NDI
	1
	Modified. One NDI bit for each HARQ process

	PMI confirmation (TM6-specific)
	1
	Same value for all TBs

	Precoding information (TM6-specific)
	2 or 4
	Same value for all TBs

	DM-RS scrambling / antenna ports (TM9-specific)
	2
	Same value for all TBs

	Downlink assignment index (TDD-specific)
	2
	Same value for all TBs

	PUCCH power control
	2
	Same value for all TBs

	SRS request
	1
	Same value for all TBs

	Ack/Nack offset
	2
	Same value for all TBs

	Number of MPDCCH repetitions
	2
	Same value for all TBs




[bookmark: _Ref521514792]Table 2: Initial evaluation of impacted fields in DCI format 6-0A
	DCI field
	Number of bits in legacy DCI format 6-0A
	Interpretation when multiple transport blocks enabled via RRC

	Flag for 6-0/6-1 differentiation
	1
	Same value for all TBs

	Frequency-hopping flag
	1
	Same value for all TBs

	Resource assignment
	5 to 9
	Same value for all [initial transmissions] TBs

	MCS
	4
	Same value for all [initial transmissions] TBs

	Repetition number
	2
	Same value for all [initial transmissions] TBs

	HARQ process number
	3
	Needs modification via a combination of dynamic and semi-static configuration.

	NDI
	1
	Modified. One NDI bit for each HARQ process

	RV
	2
	Same value for all [initial transmissions] TBs

	TPC command
	2
	Same value for all TBs

	Downlink Assignment Index (TDD-specific)
	2
	Same value for all TBs

	UL index (TDD-specific)
	2
	

	CSI request
	1
	Same value for all TBs

	SRS request
	1
	Same value for all TBs

	DCI subframe repetition number
	2
	Same value for all TBs



3	Multicast
For SC-PTM, as it is DL only, no physical layer feedback is necessary. For SC-MCCH, as it targets all the UEs that supporting SC-PTM in a cell, using one DCI to schedule multiple transport blocks would cause backward compatibility problems. However, for SC-MTCH, as discussed in [4], in order to reduce the MPDCCH overhead, it is reasonable to use a single DCI to schedule several SC-MTCH transport blocks at the same time. 
[bookmark: _Toc525645813][bookmark: _Toc525917432]In SC-PTM, to support more diversified types of traffic, and reduce the MPDCCH overhead, it is reasonable to use a single DCI to schedule one or several consecutive SC-MTCH transport blocks. 
It is argued in [5] that the expected traffic models in MTC may not be necessary to justify the use of one DCI to schedule multiple transport blocks. However, in the future, it is expected that the traffic will be more diversified traffic. Moreover, due to limited DL resources, it is not reasonable to schedule a large amount of SC-MTCH transport blocks at the same time. Therefore, there is a trade-off between the number of SC-MTCH transport blocks that can be scheduled simultaneously, and the MPDCCH overhead. Considering the number of available bits, and the DCI overhead, we can use 2 to 4 bits in the DCI to indicate the number of scheduled SC-MTCH segments. In this way, the eNB can decides whether one or more transport blocks can be send at the same time based on the availability of the DL resources. 
[bookmark: _Toc525645822][bookmark: _Toc525917437]The use of 2 to 4 bits in the DCI to indicate the number of scheduled SC-MTCH segments is considered. 
[bookmark: _Toc525645823][bookmark: _Toc525917438]Using the same DCI to schedule a single transport block should also be supported, so the UE does not need to monitor two DCI sizes at the same time.  
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	If a single DCI can be used to schedule a mix of initial and retransmission on different HARQ processes, the trade-off between flexibility, DCI overhead, and robustness to transmission errors should be carefully studied.
Observation 2	In SC-PTM, to support more diversified types of traffic, and reduce the MPDCCH overhead, it is reasonable to use a single DCI to schedule one or several consecutive SC-MTCH transport blocks.

[bookmark: _GoBack]
Based on the discussion in the previous sections we propose the following:
Proposal 1	For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, each transport block corresponds to a unique HARQ process.
Proposal 2	The maximum number of HARQ processes that can be scheduled at once is configured via RRC.
Proposal 3	The different transport blocks use individual HARQ ACK/NACK feedbacks in sequential subframes following the last PDSCH transmissions, with the timing constraints for the HARQ-ACK based on the first transport block.
Proposal 4	Interleaving of multiple transport blocks or scheduling gaps are not supported when the transport blocks are scheduled by the same DCI.
Proposal 5	The use of 2 to 4 bits in the DCI to indicate the number of scheduled SC-MTCH segments is considered.
Proposal 6	Using the same DCI to schedule a single transport block should also be supported, so the UE does not need to monitor two DCI sizes at the same time.
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Scheduling enhancement:      Specify scheduling multiple DL/UL transport blocks  with or without DCI  for  SC - PTM and  unicast   [RAN1,  RAN2]   o   Enhancement of SPS can be discussed.  
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