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1. Introduction
Rel-16 NB-IoT WID [1] has an objective to enhance the scheduling operation:  
· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]

· Enhancement of SPS can be discussed.
The following agreements where made in RAN1 #94: 

· For unicast, scheduling multiple DL/UL transport blocks with single DCI is supported.
· One DCI to schedule multiple TBs for SC-MCCH is not supported
· For Unicast, the possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD

· For unicast, the number of TBs scheduled should be dynamically indicated in the DCI, the maximum number of TBs is FFS
This contribution studied multi transport blocks (TBs) scheduling for unicast – i.e. enhanced SPS and scheduling without DCI for SC-PTM were not studied.  Specifically, these topics were studied:

· Benefit of interleaving TBs
· Benefit of inserting gaps 
· Benefit of increasing the UL HARQs from 2 to 4
2. NPDCCH Configuration

The following agreement was made in RAN1 #94:
· For Unicast, the possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD

· For unicast, the number of TBs scheduled should be dynamically indicated in the DCI, the maximum number of TBs is FFS
This implies that when the MTBG feature is enabled, the DCI supports both single TB grants (STBG) and multi-TB grants (MTBG). Since NB-IOT devices must be simple, a UE can NOT do blind decoding of the NPDCCH for different sized DCI messages (i.e. grants) thus the same DCI size must be used for both 

Proposal 1: When Multi-TB grant scheduling is enabled, there is no increase in UE blind decoding
3. Interleaving Transport Blocks
When repeats are used, interleaving TBs can introduce more time diversity (TD). The below figures show the example with 2 TBs that are repeated 4 times each. 
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	Figure  1:   Non-Interleaved TBs
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	Figure  2:   Interleaved TBs


3.1. GAPs

One method for increasing the level of time diversity is to introducing gaps between repeats. The figure below shows the case of 2 TBs with and without the introduction of gaps:
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	Figure  3:   Interleaving with no gaps and an 8ms gap 


3.2. Increase UL HARQ from 2 to 4
The MTBG feature is limited by NB-IOT Cat-NB2 2 HARQ process limit. The 2 HARQ limit the data speed, and limits time diversity.  Gaps help increase time diversity but at the expense of data rate which affects battery life. The 2 HARQ limit was intended to keep the UE simple which is very relevant for the DL as the HARQ memory will grow with additional HARQ processes but increasing the number of UL HARQ will not have a large impact on UE complexity and memory. Both 2 and 4 UL HARQ should be specified such that 4 HARQ support would not be mandatory for all UEs to implement. 
3.3. Results

To determine how much gain the interleaving of TBs with gaps and 2 vs 4 HARQ processes provides, NPUSCH LLS were conducted (See appendix I for detailed simulation assumptions). The following table shows the SNR gains at the 10% BLER point for different cases:
Table 1. Interleaving Gain with Gaps
	Doppler Frequency
	Number of Repeats
	Number of TBs
	Gaps

(ms)
	Time Diversity
	Gain (dB)

	1 Hz
	8
	2
	0
	2X
	0.3

	1 Hz
	8
	4
	0
	4X
	0.6

	1 Hz
	8
	2
	100
	~5X
	0.9

	1 Hz
	8
	2
	200 
	~8X
	1.8

	1 Hz
	8
	2
	400 
	~14X
	2.2

	5 Hz
	8
	2
	0
	2X
	1.0

	5 Hz
	8
	4
	0
	4X
	1.9

	5 Hz
	8
	2
	100 
	~5X
	1.6

	1 Hz
	32
	2
	0
	2X
	0.6

	1 Hz
	32
	4
	0
	4X
	1.6

	1 Hz
	32
	2
	200
	~3.5X
	1.9


Below is a table of calculated data speeds for different scenarios:

Table 2. NPUSCH Data Speeds
	Schedule TBs
	NPUSCH

Repeats
	NPDCCH

Repeats
	Gap

(ms)
	SNR Gain

(dB)
	Data Speed

(kbps)

	2
	1
	1
	0
	0
	100

	4
	1
	1
	0
	0
	142.9

	1
	8
	1
	0
	0
	22.7

	2
	8
	1
	0
	0
	26.3

	2
	8
	1
	100
	0.9
	14.0

	2
	8
	1
	200
	1.8
	11.0

	4
	8
	1
	0
	1.9
	44.3

	
	
	
	
	
	

	1
	32
	4
	0
	0
	7.0

	2
	32
	4
	0
	0.9
	9.1

	2
	32
	4
	200
	1.9
	6.6

	4
	32
	4
	0
	1.6
	11.0


From above the above tables the following observations can be made:

· Interleaving transport blocks provides a large SNR gain 

· The SNR gain without gaps and without 4 HARQ processes is limited (0.3,1.0, 0.6)

· The SNR gain with gaps provides the best gains but this is at the expense of data rate
· The SNR gain with 4 HARQs provides similar gain for the same time diversity as gaps 

· When repeats are used, 4 UL HARQs increases data speed by nearly 2X vs 2 UL HARQs
Based on the above observations the following proposals are made:
· Interleave the transmitted TBs when repeats are used
· Support adding gaps in the transmission. FFS: gap configurations
· Both 2 and 4 UL HARQs will be specified. The UE can optionally support 4 UL HARQs 
4. Conclusions
Proposal 1: When Multi-TB grant scheduling is enabled, there is no increase in UE blind decoding

· Interleaving transport blocks provides a large SNR gain 

· The SNR gain without gaps and without 4 HARQ processes is limited (0.3,1.0, 0.6)

· The SNR gain with gaps provides the best gains but this is at the expense of data rate

· The SNR gain with 4 HARQs provides similar gain for the same time diversity as gaps 

· When repeats are used, 4 UL HARQs increases data speed by nearly 2X vs 2 UL HARQs
· Interleave the transmitted TBs when repeats are used
· Support adding gaps in the transmission. FFS: gap configurations
· Both 2 and 4 UL HARQs will be specified. The UE can optionally support 4 UL HARQs 
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Appendix I
LLS Assumptions
	Parameter
	Value

	Antenna configuration
	1x2, low correlation

	UE Tx Power
	23 dBm

	Transmission BW
	1 Full PRB

	Band
	Band 8 (900 MHz)

	Channel model 
	ETU

	Doppler spread 
	1 and 5 Hz

	Carrier frequency offset
	Uniformly distributed +/- 30 Hz

	IRU
	3

	Cross SF Channel estimation
	11 SFs unless otherwise specified

	TBS
	1000 bits


