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1. Introduction
Rel-16 MTC 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 were made in RAN1 #94:

· Specify scheduling of multiple transport blocks for both CE Mode A and B

· The possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD

· 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

· DCI to schedule multiple TBs for SC-MCCH is not supported
The following conclusion was made in RAN1 #94:

· 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

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:

· Benefits of interleaving 

· Benefits of inserting gaps 
2. Interleaving Transport Blocks
As request by this conclusion from RAN1 #94
· 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

This section includes the LLS results for interleaving amongst TBs from different HARQ process in cases of repetitions.
The figures below show an example of interleaving 8 TBs that are repeated 4 times each: 
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	Figure 1. Non-Interleaved TBs
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	Figure 2. Interleaved TBs


As was shown in [2], interleaving 2 TBs doesn’t provide much time diversity gain so to increase time diversity, gaps between repeats were also studied. 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, small gaps, and large gaps


To determine how much gain interleaving with and without gaps provides, PUSCH LLS were conducted (See appendix I for detailed simulation assumptions, frequency hopping disabled). The following tables show the SNR gains at the 10% BLER point for different scenarios:

Table 1. cmInterleaving TBs Gain
	Doppler Frequency
	Number of Repeats
	Number of TBs
	Gaps

(ms)
	Time Diversity
	Gain (dB)

	5 Hz
	8
	8
	0ms
	8X
	1.5

	5 Hz
	8
	2
	0ms
	2X
	0

	5 Hz
	8
	2
	1 gap of 42ms
	8X
	1.8

	5 Hz
	32
	8
	0ms
	8X
	2.4

	5 Hz
	32
	2
	0ms
	2X
	0.9

	5 Hz
	32
	2
	3 gaps of 62ms
	8X
	2.7

	1 Hz
	256
	8
	0ms
	8X
	2.1

	1 Hz
	256
	2
	0ms
	2X
	0.9

	1 Hz
	256
	2
	3 gaps of 510ms
	8X
	2.5


Although adding gaps improves SNR gain, it will slow down the data speed which may not be desirable for some applications.  Below is a table of calculated data speeds for different scenarios: 
Table 2. PUSCH Data Speeds

	Schedule TBs
	PUSCH

Repeats
	Gap

(ms)
	SNR Gain

(dB)
	Data Speed

(kbps
	Note

	1(Legacy)
	8
	0
	0
	66.7
	

	8
	8
	0
	1.5
	159.2
	Best 

	2
	8
	0
	0
	87.0
	Best speed

	2
	8
	42
	1.8
	46.6
	Best power 

	
	
	
	
	
	

	1(Legacy)
	32
	0
	0
	23.8
	

	8
	32
	0
	2.4
	52.3
	Best 

	2
	32
	0
	0.9
	33.3
	Best speed

	2
	32
	186
	2.7
	14.3
	Best power 


Observation 1: Adding gaps when 2 TBs are scheduled improves SNR gains but slows data rate.
Proposal 1: Interleave the TB repetitions
Proposal 2: Support adding gaps between TB repetitions. FFS: gap configuration
Proposal 3: Consider increasing the number of HARQ process to at least 4 for CE mode B when multiple TBs are scheduled
3. Frequency Hopping

The results shown in section 2 were assuming frequency hopping is disabled. This was chosen because most commercial systems do not support frequency hopping today.  However, to determine how much gain interleaving TBs will provide when frequency hopping is enabled, PUSCH LLS were conducted (See appendix I for detailed simulation assumptions). The following table shows the time diversity gains at the 10% BLER point when frequency hopping is enabled and disabled:
Table 3. Interleaving TBs Gain
	Frequency Hopping
	Doppler Frequency
	Number of Repeats
	Number of TBs
	Time Diversity
	Gain (dB)

	Disabled
	5 Hz
	8
	8
	8X
	1.5

	Enabled
	5 Hz
	8
	8
	8X
	0.9

	Disabled
	5 Hz
	32
	2
	8X
	2.4

	Enabled
	5 Hz
	32
	2
	8X
	1.9


Observation 2: The SNR gain from interleaving TBs is significant even when frequency hopping enabled. 
4. Cyclic Repetition in CE Mode B
Cyclic repetition is used in LTE-M CE Mode B. The main purpose of cyclic repetition is to enable symbol-level I/Q combining and to improve frequency/timing offset tracking. This advantage would be good to maintain for MTBGs. So, for CE mode B, the interleaving operation should be based upon 4 SFs where the RV sent is the same for 4 SFs. The figure below shows an example for 2 TBs and repeats of 16 and a gap of 50ms:
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	Figure 4.  Interleaving with 4 SFs of Cyclic Repetition


Observation 3: Cyclic repetition can still be supported with interleaving and gaps

LLS should be conducted to confirm that using a 4 SFs interleaving method, as shown above, will not degrade SNR performance.

5. Conclusions
Observation 1: Adding gaps when 2 TBs are scheduled improves SNR gains but slows data rate.
Proposal 1: Interleave the TB repetitions
Proposal 2: Support adding gaps between TB repetitions. FFS: gap configuration

Proposal 3: Consider increasing the number of HARQ process to at least 4 for CE mode B when multiple TBs are scheduled

Observation 2: The SNR gain from interleaving TBs is significant even when frequency hopping enabled. 
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Appendix I
LLS Assumptions
	Parameter
	Value

	Antenna configuration
	1x2, low correlation

	UE Tx Power
	23 dBm

	System BW
	5 MHz

	Band
	Band 8 (900 MHz)

	Channel model 
	ETU, EPA for Frequency Hopping

	Doppler spread 
	1 and 5 Hz

	Carrier frequency offset
	Uniformly distributed +/- 30 Hz

	Transmission BW
	2 PRBs

	Cross SF Channel estimation
	7 SFs unless otherwise specified

	TBS
	1000 bits

	Frequency Hopping
	As specified
4 SF hopping for 8 repeats for 1TB
8 SF hopping for 8 repeats for 8TB

16 SF hopping for 32 repeats


