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Introduction
In RAN #80, a WI ‎[1] was approved for improvement for machine type communication for NB-IoT 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 #99, the following agreements were reached ‎[2]:
Working Assumption
For SC-MTCH scheduling: Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
Working Assumption
For scheduling of multiple TBs with SC-MTCH, introduce 3 additional bits in the modified DCI to indicate the number of scheduled SC-MTCH segments (1-8)
Agreement
For multicast, for UE processing at receiver, a gap of [FFS] can be inserted every continuous transmission of 2 TBs.
· FFS: Whether/How to enable or disable this gap
· Note: Gap of 0 is not precluded
Agreement
For the downlink, interleaving granularity is N*NSF, where the NSF is the number of subframes of NPDSCH.
· N=4 and for repetition less than 4, interleaving is not supported
Agreement
For the uplink multi-tone case, interleaving granularity is N* NRU *NULslots, where the NRU is the number of RUs, NULslots is the number of slots occupied by 1 RU, and N is fixed value in the specification. 
· When the repetition is less than N, interleaving is not supported. 
· FFS the value of N
· FFS on uplink single tone case.
Agreement

For both interleaved and non-interleaved transmission, for 2TB scheduling, reuse legacy table, no change for .
Agreement
For interleaved transmission, HARQ bundling is supported with configuration

This contribution assesses the procedures for scheduling of multiple uplink/downlink transport blocks for cat-NB type UE.
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.
Multi TB HARQ Response
In RAN1 #94bis it was agreed individual feedback for each HARQ process is supported, with bundling multiplexing optionally supported. If we look at the HARQ-ACK feedback for NB-IoT, it is clear a NACK should remain implicit.
If we look at the most possible scenario, when both TBs have been successfully decoded, the UE is required to send both HARQ-ACK transmissions. This means a UE is expected to transmit DMRS + repetition code for each received transmission using NPUSCH format 2. However, for the NW the DMRS is enough to detect the signal, and the repetition code is used to distinguish between HPID 0 and 1. Therefore, there is no need to transmit the repetition code for the use case of successful decoding of both transmissions.
Observation 1: [bookmark: _Ref16762422]For multi-TB transmission, in case both transmissions were successful the HARQ-ACK for PID 1 repetition code is redundant.
The advantages in this use case are power conservation, and higher spectral efficiency. If we look at Equation 1 we can see the current power consumption assuming  repetitions and  power consumption for 0.5ms. 


[bookmark: _Ref16759756]Equation 1 -- Legacy Power Consumption per 1ms transmission 
[bookmark: _Ref11689562]Calculating the power consumption after the reduction of transmission of the unnecessary HARQ-ACK sequence is different for SCS of  and . For , the transmission will only occur in the middle 3 symbols, whose length in time is 2048Ts along with cyclic prefix of 144Ts which is overall 2192Ts. For  SCS, the DMRS transmission occurs in the first 3 symbols. One NB-IoT symbol consists of 8192Ts of symbol with CP length of 256Ts, which is overall 8488Ts.
The power consumption for the reduced transmission can be seen in Equation 2:


[bookmark: _Ref16760002]Equation 2 – New power Consumption per 1ms transmission

	SCS
	

	
	57.19%

	
	57.14%


[bookmark: _Ref11692633]Table 1 - Power consumption comparison
In Table 1 it is possible to see the power consumption comparison between transmitting the HARQ-ACK sequence and transmitting only the DMRS. A reduction of more than 50% power consumption for the second HARQ-ACK can be seen.
Observation 2: [bookmark: _Ref16762438]A reduction of more than 50% power consumption for the second HARQ-ACK can be attained.
Proposal 1: [bookmark: _Ref16762451]For multi-TB transmission, when all TBs have been successfully decoded, redact the transmission of the HARQ repetition sequence and transmit only DMRS sequence.
Currently, the DMRS pattern is used in the first 3 symbols in all 4 slots for SCS=3.75KHz, and in the middle symbols for SCS=15KHz. Usually, DMRS signals are used for channel estimation, but for this transmission it is not necessary. The second HARQ-ACK’s sequence is not transmitted. Therefore, to conserve resource and improve spectral efficiency it is suggested to bring the sequence to the beginning of the slot and transmit all DMRS one after the other. This suggestion can be seen in Figure 1. 
[image: ]
[bookmark: _Ref16761893]Figure 1 - NPUSCH format 2 for SCS=3.75 suggested vs current transmission
Proposal 2: [bookmark: _Ref16762468]For multi-TB transmission, when all TBs have been successfully decoded transmit all DMRS signals in sequence at the beginning of the allocated transmission.
Conclusion
In this contribution we make the following observations and proposals:
‎Observation 1: For multi-TB transmission, in case both transmissions were successful the HARQ-ACK for PID 1 repetition code is redundant.
‎Observation 2: A reduction of more than 50% power consumption for the second HARQ-ACK can be attained.
‎Proposal 1: For multi-TB transmission, when all TBs have been successfully decoded, redact the transmission of the HARQ repetition sequence and transmit only DMRS sequence.
‎Proposal 2: For multi-TB transmission, when all TBs have been successfully decoded transmit all DMRS signals in sequence at the beginning of the allocated transmission.
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