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Introduction
In RAN #80, a WI ‎[1] was approved for improvement for machine type communication for cat-M UE’s including following objectives: 
Scheduling enhancement:
· [bookmark: _Hlk516765510]Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.

[bookmark: _Ref129681832]In RAN1 #98bis, the following agreements were reached ‎[2]:
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:
· 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:
· 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

This contribution assesses the procedures for scheduling of multiple uplink/downlink transport blocks.
Discussion
In this contribution we focus on scheduling unicast multiple DL/UL transport blocks. Any mention of scheduling multiple TBs is referring to scheduling unicast multiple TBs unless specified otherwise.
[bookmark: _Ref21002153]HARQ Process ID and NDI Assignment
[bookmark: _Ref4767360]In RAN1 #98bis it was agreed to down select between two options: option 1 and option 5/3. All the options may be viewed in ‎[3]. Looking at option 5/3 we believe it is the best compromise between DCI size, and flexibility of HARQ and NDI assignment. 
Proposal 1: [bookmark: _Ref23958599]Support option 5/3 for DCI content, with amendment.
One of the issues of proposal 5/3 is they do no align well to differentiate between the number of TBs to be transmitted. Therefore, we have a correction to the proposed method. In case of 6TB transmission, we suggest using only 4 HARQ ID combinations for CE Mode A. One possibility is to use the HARQ PID set of {0-5, 1-6, 2-7, (0,1,2,4,6,7)} with all NDI combinations. A summary of possibilities and required number of bits is given in Table 1. It is possible to see there that following the change there is an easy alignment of the number of required bits with the total number of bits suggested (12).
Observation 1: [bookmark: _Ref23958622]Proposal 5/3 do not align well to allow for differentiation between the number of TBs transmitted.
Proposal 2: [bookmark: _Ref23958647]For 6 scheduled TBs amend to signal only 4 different HARQ combinations instead of 28 possible.

	HARQs
	HARQ ID Positions
	NDI
	RV state
	FH/QAM
	States
	Required bits

	1
	8
	2
	4
	2
	128
	7

	2
	28
	4
	4
	2
	896
	10

	3
	0
	8
	1
	1
	0
	 

	4
	70
	16
	1
	1
	1120
	11

	5
	0
	32
	1
	1
	0
	 

	6
	4
	64
	1
	1
	256
	8

	7
	0
	128
	1
	1
	0
	 

	8
	1
	256
	1
	2
	512
	9


[bookmark: _Ref23956490]Table 1 - Option 3/5 suggested amendment (in green)
Using the above alignment, it will be simple to differentiate between number of TB transmission, which can allow for easier differentiation between HARQ process as seen in Table 2. From the UE perspective it is easy to decide on the number of HARQ processes used by decoding the first ‘1’. Later, the differentiation for RV state, HARQ PID, NDI, FH/QAM can be done using a formula and a table.
	bit#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	1 HARQ
	0
	0
	0
	0
	1
	7bit

	2 HARQ
	0
	1
	10bit

	6 HARQ
	0
	0
	0
	1
	8bit

	4 HARQ
	1
	11bit

	8 HARQ
	0
	0
	1
	9bit


[bookmark: _Ref23957257]Table 2 - Flag Differentiation between number of TBs
Proposal 3: [bookmark: _Ref23958660]Use the first ‘1’ bit to signal the UE the number of TBs out of the 12 TBs allocated.
Conclusion
‎Proposal 1: Support option 5/3 for DCI content, with amendment.
Observation 1: Proposal 5/3 do not align well to allow for differentiation between the number of TBs transmitted.
‎Proposal 2: For 6 scheduled TBs amend to signal only 4 different HARQ combinations instead of 28 possible.
‎Proposal 3: Use the first ‘1’ bit to signal the UE the number of TBs out of the 12 TBs allocated.
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