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1. Introduction
This contribution studies scheduling of multi transport blocks (TBs) for unicast.  Specifically, these topics are studied:

· Increasing the number of TBs per Grant

· Benefits of interleaving TBs
· Multi-TB Grant design 
2. Increasing the number of TBs per Grant

The following agreements were made at RAN1#96:

For unicast, relationship 1 is supported: 1 HARQ process corresponds to 1 TB

· FFS: Whether to support relationship 2 (1 HARQ process corresponds up to 2 TBs) in addition to relationship 1

· RAN1 will make decision on the support for the FFS part in RAN1#96bis

The following agreements were made at RAN1#96bis:

Relationship 2 is not supported in Rel-16.

However, the MTBG feature performance is highly limited by the 2 HARQ process limit. The 2 HARQ limit reduces data speed, PDCCH scheduling efficiency, and time diversity (if interleaving is specified).  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 HARQs will not have a large impact on UE complexity or memory. When repeats are used, 4 UL HARQs increases data speed by nearly 2× vs 2 UL HARQs and PDCCH scheduling efficiency also clearly increases.  This could be an optional UE feature, so that UEs which cannot support 4 UL HARQs can still support MTBG with 2 HARQ process. 
Proposal 1:   For unicast, when multiple TBs are scheduled by one DCI, a UE may optionally support a maximum of 4 UL HARQ processes
3. Scheduling of Repetitions 

Issue: How repetitions are scheduled for MTBG is an open issue. For LTE-M in RAN1 #96, it was decided to support both contiguous and interleaved scheduling of repetitions, but this is still an open issue in NB-IOT.
Discussion:
The figures below show examples of interleaving 2 UL TBs repeated 4 times each:
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	Figure 1. Option 1 - Non-Interleaved TBs
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	Figure 2. Option 2 - Interleaved TBs


Option 2 (interleaving TBs) will introduce more time diversity (TD) and will provide a SNR gain but the time diversity is limited with two TBs so introducing gaps between repeats will improve the performance of Option 2. The figure below shows the case of 2 TBs with the introduction of gaps:
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	Figure 1. Option 2 - Interleaved TBs


NPUSCH LLS were conducted to determine the SNR gain of option 2 (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)
	Gain (dB)

	1 Hz
	8
	2
	0
	0.3

	1 Hz
	8
	2
	100
	0.9

	1 Hz
	8
	2
	200 
	1.8

	1 Hz
	8
	2
	400 
	2.2

	5 Hz
	8
	2
	0
	1.0

	5 Hz
	8
	2
	100 
	1.6

	1 Hz
	32
	2
	0
	0.6


· Interleaving transport blocks provides a large SNR gain 
· Interleaving saves more resources on NPUSCH than MTBG on NPDCCH
· The best SNR gain is achieved with gaps

Companion tdoc [1] provides more details on UE/eNB complexity, and cyclic repetition design which equally applies to NB-IOT with the following major observations:
Observation 1: There is no increase in the peak soft buffering requirements nor any increase in the peak turbo decoding requirements when interleaving TBs. 
Observation 2: Cyclic repetition can still be supported when interleaving TBs

Based on the above discussion and observations the following proposal is made:

Proposal 2:   For the case of single DCI scheduling multiple transport blocks with repetitions, the repetitions for one transport block are interleaved with repetitions of all the other transport blocks
4. Multi-TB Grant (MTBG) Design

4.1. RV indication

The following agreement has been made:

One DCI can be used to schedule both initial and retransmission of different HARQ processes.
1 bit for RV indication in UL transmission is used regardless of the number of TBs

· Common RV indication is mapped to both TBs

Issue: The functionality of the 1 RV bit is open

Discussion:  The best functionality would be: For initial TBs RV=0, and for all retransmission, the RV field indicates RV version.
Proposal 3:   The RV of initial TBs is always 0 and the RV for all retransmissions is indicted by the RV field.

5. Conclusions
Proposal 4:   For unicast, when multiple TBs are scheduled by one DCI, a UE may optionally support a maximum of 4 UL HARQ processes
· Interleaving transport blocks provides a large SNR gain 
· Interleaving saves more resources on NPUSCH than MTBG on NPDCCH
· The best SNR gain is achieved with gaps

Observation 3: There is no increase in the peak soft buffering requirements nor any increase in the peak turbo decoding requirements when interleaving TBs. 
Observation 4: Cyclic repetition can still be supported when interleaving TBs

Proposal 5:   For the case of single DCI scheduling multiple transport blocks with repetitions, the repetitions for one transport block are interleaved with repetitions of all the other transport blocks
Proposal 6:   The RV of initial TBs is always 0 and the RV for all retransmissions is indicted by the RV field.
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Appendix I
LLS Assumptions
	Parameter
	Value

	Antenna configuration
	1×2, 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


