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1. Introduction
The efeMTC WID [1] has an objective to improve the UL spectral efficiency:
· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· e.g. Sub-PRB resource allocation, with no less than 3 subcarriers within a Sub-PRB allocation.

During RAN #89, some down scoping was done where only the following two techniques are further considered:

· At least one of the following techniques to improve UL spectral efficiency will be supported as part of this WI:

· Sub-PRB allocation (with or without increased DMRS density)

· CDMA (with or without increased DMRS density)

This tdoc analyzes the performance of the two possible UL spectral efficiency techniques: Sub-PRB allocation, CDMA. The use of increased DMRS was not studied.
During RAN#88bis, it was also agreed to consider the following performance metrics:
	Performance metric
	Unit

	UL spectral efficiency
	% improvement

	UE power consumption
	% improvement


To evaluate spectral efficiency, this tdoc includes some LLS result for the Sub-PRB techniques with and without TTI expansion (i.e. the IRU concept in NB-IOT)

2. Sub-PRB Performance

BLER Performance
The BLER performance for Sub-PRB transmission was studied using LLS.  The duration of transmission for all cases was 2048 SF and the TBS was set to 504 bits for all cases. The remaining simulation assumptions and detailed results are in the appendix.  The following table summarises the results:

	Tones
	TTI
	IRU
	MCL 
10% BLER
	Gain (dB)

	1 PRB
	1
	NA
	162.2
	baseline

	3 Tones
	4
	0
	163.15
	0.95

	3 Tones
	16
	3
	163.5
	1.3

	1 Tone
	12
	NA
	163.45
	1.25

	1 Tone
	32
	3
	163.7
	1.5


From the above results, the following observations can be made:

Observation: Sub-PRB transmission can provide 1.5 dB (or 41% reduction in repeats) gain compared to 1 PRB transmission
Observation: For 504 TBS, TTI expansion provides an additional 0.25 dB gain (or 6% reduction in repeats)
The reduction in repeats will improve both UE battery life and spectral efficiency which is dicussed below.
PA Power Increase

With the reduction in PAPR (see [3]), the complexity of the PA is reduced so that an integrated PA can transmit more power when fewer than 12 tones are transmitted. This concept was studied in [3] with the following observation:

Observation: Due to lower PAPR, Sub-PRB transmissions can increase PA power output by up to 3 dB

Spectral Efficiency

Spectral efficiency was studied in [3] with the following observations:

Observation – Due to increased FDMA, Sub-PRB transmission increases UL spectral efficiency linearly with the amount of additional FDMA used (e.g. 1 tone provides 1100% improvement) 
Observation: Due to the 1.5 dB BLER improvement for Sub-PRB, a 41% improvement in spectral efficiency is expected.

Observation: Due to the 3dB increase in PA power for Class 5 UEs possible with Sub-PRB transmissions, a 100% improvement in spectral efficiency is expected.

These effects are independent and thus accumulate linearly so the net spectral efficiency improvement will be the multiplication of all these factors so; 
1 tone: 3280% improvement (12*1.41*2-1)
3 tones: 972% improvement (4*1.34*2-1)
Observation:  Single Tone Sub-PRB transmission, can improve UL spectral efficiency by 3280%

Observation:  Three Tone Sub-PRB transmission, can improve UL spectral efficiency by 972%

Battery Life

Although the main objective of this work is to improve UL spectral efficiency, UE battery life is also a very important aspect for IoT UEs and thus it was agree it would also be an evaluation criteria.  Battery life for Sub-PRB was studied in detail in [3] with the following observations:

Observation: Due to decreased PAPR, improved BLER, and increased PA power, Sub-PRB allocation can improve battery usage for transmissions by 85%. 
3. SF Code Spread (CDMA) Performance

In release 13, SF (Sub-frame) code spread (CDMA) was studied as an UL spectral efficiency technique (see [2] for more details). 
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SF CDMA was studied in detail in [3] with the following observations:

Observation – Due to CDMA, the SF code spread techniques increases UL spectral efficiency linearly with the code size (e.g. 8 codes provides 700% improvement) 
Unlike Sub-PRB, there are no additional performance improvements in these areas:

· BLER performance
· PAPR reduction

· Near-Far  

· Battery Life – modest increase in computation may reduce battery life
Observation – The SF Code spread technique does not improve on UE battery life. 

4. Conclusions
	Quality
	Sub-PRB
	CDMA

	Spectral Efficiency
	1 Tone >3200%

3 Tone >900%
	Up to 700%

	Battery Life
	85% improvement
	None


Given the sub-PRB improves both spectral efficiency and battery, this technique should be chosen.

Proposal: To increase UL spectral efficiency, Sub-PRB allocation method shall be specified. 

Given single tone Sub-PRB provides more spectral efficiency, thus single tone sub-PRB should be supported.

Proposal: Six, three, and single tone sub-PRB shall be specified. 

For larger TBS sizes (>~500 bits), the use of TTI expansion provides ~0.25dB of improved BLER performance. The only downside is UE and network complexity but if the same mechanism as NB-IOT is used (i.e. the IRU concept), for UEs that support both eMTC and NB-IOT there is no complexity increase, thus this should be specified.
Proposal: The specified Sub-PRB mechanism for eMTC should use the NB-IOT TBS table with IRU TTI expansion method used by NB-IOT. 
Increases DMRS still needs further study.
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6. Appendix
Assumptions for LLS:

	Parameter
	Value

	System bandwidth
	10 MHz

	Configuration 
	FDD

	Carrier frequency
	2 GHz

	Antenna configuration
	1x2, low correlation

	Channel model
	ETU 1Hz

	Number of RBs
	1 PRB, 
3 Tones, 
1 Tone

	Transmission mode
	TM1

	Frequency tracking error
	+/- 30Hz Uniformly distributed

	Channel estimation
	Cross SF

	Frequency Hopping
	Yes - 16 SF

	TBS
	504 bits

	Subframes of Transmission
	2048

	Noise Figure
	5 dB

	UE TX Power
	23 dBm


Results:
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