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1   Background
The demodulation part of additional MTC enhancements for LTE has been discussed in the last RAN4 #94-e-Bis meeting. After the discussion, a Way forward [3] has been approved containing new agreements. Among these agreements, there are still some open issues that are listed as follows:
· FFS to define new demodulation requirements of PUSCH with multi-TB scheduling.

· FFS to define new demodulation requirements of PDSCH with multi-TB scheduling.

According to the agreements above, whether to introduce new requirement for multi-TB scheduling for PUSCH/PDSCH has not been decided yet. In this contribution, we would like to share our views and concerns and give our proposals on this open issue. 

2   Discussion
Multi-TB scheduling is to schedule several transport blocks in (Uplink and Downlink) transmission. For the past meetings companies have discussed completely the essence of Multi-TB, which is to transmit multiple TBs in either interleaved or non-interleaved way. 

During the discussion, companies have different views on the obtained gain by Multi-TB. Some may hard to find gain in their results and some may have concern on the other shown gain. Since there are only two companies that shared their simulation results, we think there might be a need for more samples to verify the gain (or no gain). Here we would like to share the simulation assumptions for both PUSCH and PDSCH in order to help reaching some similar results among companies. 
2.1   PUSCH
Time diversity gain can be brought by interleaved multi-TB scheduling. In order to see the possible gain more obviously, we’ve already ran some simulations. 
The simulation assumptions are chosen from the previous eMTC test cases. See the results and figures below:
Table 2.1-1 Simulation parameters for PUSCH
	Parameter
	unit
	Mode A

	Propagation condition
	
	EPA 5Hz

	Antenna configuration
	
	1x2 Low

	Number of TBs
	
	8

	multi-TB-UL/DL-Unicast-Interleaving-config
	
	Enable/Disable

	Maximum number of HARQ transmissions
	
	4

	RV sequences
	
	0, 2, 3, 1, 0, 2, 3, 1

	Number of repetitions
	
	8, 16, 32, 64

	Frequency hopping
	
	ON

	Frequency hopping interval
	subframe
	4: FDD

5: TDD

	FRC
	
	A3-2 (QPSK 1/3, TS 36.104)


Table 2.1-2 Simulation results for PUSCH
	Number of TBs
	Repetitions
	SNR(dB) @ 70% Maximum TP
	Gain(dB)

	
	
	Interleaving
	Non-interleaving
	

	8
	8
	-8.7
	-8.1
	0.6

	
	16
	-11.9
	-10.9
	1.0

	
	32
	-14.6
	-13.2
	1.4

	
	64
	-17.2
	-15.4
	1.8


We can see the gain especially when the repetition number goes high. Based on these simulation results, we propose to define new performance requirements for multi-TB scheduling in additional MTC enhancement.
Observation1: The gain can be 1.8dB when 8TB and 64 repetition are configured. 
2.2   PDSCH
Here we share the simulation assumption that is referred to the previous simulations in the specification. 
Table 2-2-1 Simulation assumptions for PDSCH

	Parameter
	Unit
	Test 1
	Test 2

	Downlink power allocation
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	dB
	-3
	-3
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	dB
	-3 (Note 1)
	-3 (Note 1)
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at antenna port
	dBm/15kHz
	-98
	-98

	Coverage enhancement mode
	
	CE Mode B
	CE Mode A

	PDSCH transmission mode
	
	2
	2

	OFDM starting symbol (startSymbolBR)
	
	2
	2

	Maximum number of repetitions

(for PDSCH (pdsch-maxNumRepetitionCEmodeA/ pdsch-maxNumRepetitionCEmodeB))
	
	Not configured
	Not configured

	PDSCH repetition number
	
	8, 16, 32, 64
	8, 16, 32, 64

	Frequency hopping
(mpdcch-pdsch-HoppingConfig)
	
	Enabled
	Disabled

	Frequency hopping offset
(mpdcch-pdsch-HoppingOffset)
	
	1
	N/A

	Frequency hopping interval

(interval-FDD)
	ms
	16
	N/A

	MPDCCH transmission duration
(mPDCCH-NumRepetition)
	ms
	64
	1

	MPDCCH repetition number
	
	64
	1

	Number of narrowbands for frequency hopping
(mpdcch-pdsch-HoppingNB)
	
	4
	N/A

	Starting subframe configuration for MPDCCH

(mpdcch_startSF_UESS)
	
	2.5
	1

	Narrowband for MPDCCH

(mpdcch_Narrowband)
	
	7
	0

	MPDCCH aggregation level
	
	24
	8


Then, we give our simulation results according to the assumptions above.
Table 2-2-2 Simulation results for PDSCH 
	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Repetition
	Reference value
	UE Category
	SNR

(dB)

	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	
	

	1
	10MHz QPSK 1/10
	R.81 FDD
	OP.2 FDD
	ETU1
	2x1 Low
	8
	70
	M1
	-7.4

	2
	10MHz 16QAM 1/2
	R.79 FDD
	OP.2 FDD
	EPA5
	2x1 Low
	1
	70
	M1
	7.2


Table 2-2-3 Results for different repetitions for CE Mode B
	Test 
	Number of TBs
	Repetitions
	SNR(dB) @ 70% Maximum TP
	Gain(dB)

	
	
	
	Interleaving
	Non-interleaving
	

	Test 1
CE Mode B
	4
	8
	-8.84
	-8.41
	0.43

	
	
	16
	-12.16
	-11.44
	0.72

	
	
	32
	-15.10
	-14.12
	0.98

	
	
	64
	-17.57
	-16.30
	1.27


Table 2-2-4 Results for different repetitions for CE Mode A

	Test 
	Number of TBs
	Repetitions
	SNR(dB) @ 70% Maximum TP
	Gain(dB)

	
	
	
	Interleaving
	Non-interleaving
	

	Test 1
CE Mode A
	8
	8
	-2.26
	-1.57
	0.69

	
	
	16
	-5.42
	-4.37
	1.05

	
	
	32
	-8.16
	-6.89
	1.27

	
	
	64
	-10.6
	-9.19
	1.41


As shown in the table above, there are more than 1.4dB gain can be observed through the simulation work. Therefore, we propose to define new performance requirements for multi-TB scheduling in additional MTC enhancement. 
Observation 2: There is a gain of 1.27dB for CE Mode B when configure 4TBs and 64 Repetitions, and 1.41dB for CE Mode A when configure 8TBs and 64 Repetitions.

3   Conclusion

Introducing the feature of Multi-TB truly has many advantages. For example, scheduling of multiple UL TBSs from a single MPDCCH reduces the MPDCCH overhead and can help increase uplink throughput. And those advantages bring to us the gain and benefits, which can be observed through the simulation results shown above. We think that gain of more than 1dB is not negligible and we encourage companies to run the simulation work using similar assumptions to see if there is a gain. 
From the benefit perspective, we think introducing Multi-TB has such good point and obviously improving the performance. Thus, we prefer to define requirements for this feature.
Proposal 1: Define performance requirements for multi-TB scheduling for PUSCH in additional MTC enhancement
Proposal 2: Define performance requirements for multi-TB scheduling for PDSCH in additional MTC enhancement
4   Proposals
In this contribution, we have discussed the open issue of whether to define new performance requirements for multi-TB scheduling of PDSCH/PUSCH. Firstly, we analyzed the repetition interleaving used in multi-TB scheduling, then we provide our initial simulation results to see if there is an obvious gain.  Finally, we give our views on whether to define performance requirements.
For PDSCH/PUSCH multi-TB scheduling, we propose the following:

Observation1: The gain can be 1.8dB when 8TB and 64 repetition are configured
Observation 2: There is a gain of 1.27dB for CE Mode B when configure 4TBs and 64 Repetitions, and 1.41dB for CE Mode A when configure 8TBs and 64 Repetitions
Proposal1: Define performance requirements for multi-TB scheduling for PUSCH in additional MTC enhancement
Proposal1: Define performance requirements for multi-TB scheduling for PDSCH in additional MTC enhancement
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6   Appendix
Table 5-1 Other simulation parameters
	Parameter
	Unit
	Test

	Downlink power allocation
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at antenna port
	dBm/15kHz
	-98

	Coverage enhancement mode
	
	CE Mode B

	PDSCH transmission mode
	
	2

	OFDM starting symbol (startSymbolBR)
	
	2

	Maximum number of repetitions

(for PDSCH (pdsch-maxNumRepetitionCEmodeA/ pdsch-maxNumRepetitionCEmodeB))
	
	Not configured

	PDSCH repetition number
	
	8, 16, 32, 64

	Frequency hopping
(mpdcch-pdsch-HoppingConfig)
	
	Enabled

	Frequency hopping offset
(mpdcch-pdsch-HoppingOffset)
	
	1

	Frequency hopping interval

(interval-FDD)
	ms
	16

	MPDCCH transmission duration
(mPDCCH-NumRepetition)
	ms
	64

	MPDCCH repetition number
	
	64

	Number of narrowbands for frequency hopping
(mpdcch-pdsch-HoppingNB)
	
	4

	Starting subframe configuration for MPDCCH

(mpdcch_startSF_UESS)
	
	2.5

	Narrowband for MPDCCH

(mpdcch_Narrowband)
	
	7

	MPDCCH aggregation level
	
	24


Table 5-2 Other simulation parameters prt2

	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	

	1
	10MHz QPSK 1/10
	R.81 FDD
	OP.2 FDD
	ETU1
	2x1 Low
	70
	M1
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