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1 Introduction

The sub-PRB transmission technique was 1st studied in the Rel 13 MTC work item and then later specified in the Rel 13 NB-IOT work item as a method to provide deep UL coverage enhancement (e.g. MCL of 164 dB) but at very low data rates. This paper studies the use of the sub-PRB technique as a method to improve UL coverage, UL capacity and UE battery life for the VoLTE use case where data rates are higher and transmissions are in real-time but the coverage requirements are lower.  Through the use of LLS and references to RAN4 analysis, this paper will show that a 3-tone sub-PRB technique can improve coverage up to 3dB, significantly increase capacity, and decrease UE power consumption. 
2 UL Coverage 
The following graphs show the LLS results for UL TBS (or speed) vs MCL (for 10 %BLER) for a full PRB (12 Tones) vs a ¼ PRB (3 tones) (See appendix I for simulation assumptions and II for MCL calculation assumptions).  
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To keep things equal, 32 subframes of transmission were used for both the 12-tone and 3-tone case. For the 12-tone case, 32 repeats were used (using 4 RVs cycling every SF as per CAT-M1 Mode A transmission technique). For the 3-tone case, the narrow band method mainly defined in section 16.5 of TS 36.213 [2] was used where the IRU=3 and 2 repeats were used for a total of 32 SF of transmissions (see [2] Table 16.5.1.2-2 of 36.213). 
Observation: For the same number of SF of transmissions, a sub-PRB transmission of 3 tones provides the same coverage at the same TBS or speed as 12 tones.

Looking at RAN4 MPR (maximum power reduction) specification for narrow band transmissions from TS 36.101 [3] section 6.2.3F:
	Modulation
	QPSK

	Tone positions for 3 Tones allocation
	0-2
	3-5 and 6-8
	9-11

	MPR
	≤ 0.5 dB
	0 dB
	≤ 0.5 dB

	Tone positions for 6 Tones allocation
	0-5 and 6-11

	MPR
	≤ 1 dB
	≤ 1 dB

	Tone positions for 12 Tones allocation
	0-11

	MPR
	≤ 2 dB

	
	
	
	
	


For the middle two 3 tone allocations, there is no MPR and only 0.5 dB for the side allocations whereas for 12 tones there is up to 2dB MPR. Thus the PA can typically transmit 2 dB more power for 3 tones vs 12 tones. The reasons we need power reduction for 12 tones is due to the increased requirement for linearity in part to deal with the increased PAPR.  Although not studied in RAN4, it is the proponent companies’ opinion that a class 5 PA capable of transmitting multiple PRB at 20dBm (e.g. a CAT-M1 class 5 PA) can transmit at 23 dBm for 3 tones or one tone thus yielding a 3dB improvement in coverage for class 5 UEs. 

Observation: Due to PAPR reduction, a PA can transmit at least 2dB more power when 3 or fewer tones are transmitted vs 12 tones.

Given the above observation, a third line (in green) was added for a UE transmitting 3 tones with an increase in transmit power of +2 dB (e.g. at 22 dBm).
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Conclusion – With the 2dB increase in PA power possible, a sub-PRB transmission of 3 tones, can increase UL coverage by 2dB. 

It may also be possible that a class 3 PA (capable of transmitting multiple PRBs at 23 dBm), can transmit 2-3 dB higher when only 3 tones (e.g. at >=25-26dBm) are allocated. 
Proposal: RAN4 to study the possibility of a higher than 23 dBm PA class for sub-PRB transmission. 
3 Speed or TBS Size Considerations

The LLS results shown were using 3 tones vs 1 tone because the performance of higher speed with 1 tone will be compromised due to the higher coding rate. For example, to send 1000 bits in 32 SF with 1 tone, the coding rate is greater than 1 (1000bits/(12symbols/SF*32SF*2bits/symbol)=1.32). 
Observation: The coding rate for the 1 tone sub-PRB technique doesn’t support the speed required by VoLTE. 

If RoHC is enabled, a 1000bit TBS is adequate to support higher speed VoLTE AMR-WB frame types (<= frame type 6 with 40ms DRX). However if RoHC is disabled, a 1000bit TBS is limiting VoLTE AMR-WB Frame Type to <=1 and in general, good quality of speech requires at least frame type 2 (608bit). Thus a TBS size of 1128 bit would be better and since this is the UL, there is very little complexity increase. Also, the coding rate for 1128 for 3 tones is still very good at 0.49 (1128/(12*3*32*2)).
Proposal: Consider increasing the narrow band sub-PRB TBS size from 1000 to ~1128 bits. 
4 UL Capacity
From the MTC and NB-IOT work, it is well known that the increase in FDMA and decrease in repetitions due to the increase in PA power possible with the sub-PRB technique can increase capacity [4].  
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Observation – The sub-PRB transmission techniques can increase UL capacity.

5 Battery Life

From RAN4 studies during the NB-IOT work, it is well known that the power amplifier efficiency (PAE) is improved with the reduction of PAPR due to sub-PRB allocations. For example if there is a 25% improvement in PAE (e.g. from 33% to 41% PAE) and assuming the PA takes 75% of the power when the PA is at full power, this would translate into a 19% (75%*25%) improvement in total UE power consumption. The capacity of many battery technologies is reduced when the battery is discharged at a higher rate [5]. There is hence a further effect increasing battery lifetime when PAE is increased and current consumption is reduced. 
Observation– UE battery life is significantly improved due to the improvement in PA efficiency as a result of the sub-PRB transmission.

6 Summary and Conclusion

Observation: For the same number of SF of transmissions, a sub-PRB transmission of 3 tones provides the same coverage at the same TBS or speed as 12 tones.

Observation: Due to PAPR reduction, a PA can transmit at least 2dB more power when 3 or fewer tones are transmitted vs 12 tones.

Conclusion – With the 2dB increase in PA power possible, a sub-PRB transmission of 3 tones, can increase UL coverage by 2dB.
Proposal: RAN4 to study the possibility of a higher than 23 dBm PA option for sub-PRB transmission. 

Observation: The coding rate for the 1 tone sub-PRB technique doesn’t support the speed required by VoLTE. 

Proposal: Consider increasing the narrow band sub-PRB TBS size from 1000 to ~1128 bits. 

Observation – The sub-PRB transmission techniques can increase UL capacity.

Observation– UE battery life is significantly improved due to the improvement in PA efficient as a result of the sub-PRB transmission.

Proposal – A sub-PRB transmission of 3 tones should be specified for CAT-M1 UEs as this improves UL coverage, UL capacity, and UE power consumption for the VoLTE use case.
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Annex I: Simulation assumptions
Table: Assumptions for link level simulations

	Parameter
	Value

	Frequency band
	1 GHz

	Propagation channel model
	EPA 1 Hz

	Antenna configuration
	BS: 2T2R
MS: 1T1R

	Frequency error
	+-25 Hz 

	Channel Estimation
	Realistic cross SF channel estimation

	System BW
	20 MHz

	PUSCH  Performance Limit
	10% BLER


Annex II: MCL calculation assumptions

The MCL calculation assumptions are based on TR 45.820.

	Parameter
	Value

	UE PA Power
	20 dBm (unless otherwise stated)

	Thermal noise density (dBm/Hz)
	-174 dB

	Receiver noise figure (dB)
	3 dB


