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Introduction
The effectiveness of sub-PRB PUSCH transmission has been previously studied in terms of the number of repeats but the effect of PAPR has not yet been studied. This document shows the effect of sub-PRB PUSCH transmission on PAPR reduction and the resulting relative MTC UE power savings that can be obtained. 
Transmission Model and Analysis
[image: ]
Fig. 1. Illustration of Sub-PRB transmission
Figure 1 illustrates sub-PRB transmissions over 6, 4, 3, and 1 subcarriers in a PRB, respectively. The unused subcarriers can be assigned to other MTC UEs, or kept empty as a guard band for any ICI.
Reducing the number of active subcarriers below 12 can be beneficial in terms of power savings. Figure 2 shows the PAPR complementary CDF (CCDF) for N=3, 6, and 12 sub-carriers. Note that the results in Figure 2 are without pulse shaping, whose effect should be insignificant though (see [3]). Furthermore, single-tone (N=1) transmission has a fixed PAPR of 0 dB. 
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Fig. 2: PAPR complementary CDF for PUSCH QPSK transmission over 12 subcarriers (full-PRB) versus 6 and 3 subcarriers (sub-PRB). Note that single-tone transmission (1 subcarrier) has a fixed PAPR of 0 dB. 
The PA bias point is usually tuned to operate at a certain clipping rate. The clipping rate is implementation dependent. For this document, we chose a clipping rate of 10-3 as it produces a conservative power savings number (i.e. a lower clipping rate would provide more power saving). The PAPR at 10-3 clipping rate is shown below in the 2nd column of Table I.
To translate, the reduction in PAPR to PA efficiency improvement, we can use Figure 1 from [4], which is reproduced below as Figure 3 for convenience. The resulting PA efficiency improvements are shown below in the 3rd column of Table I.
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Figure 3: PA Efficiency vs PAPR (from [4]).
According to [1,2], simulation results from most companies showed that the Sub-PRB technique with FH decreased the number of repetitions marginally. But to be conservative this document assumes there is no decrease. Thus, the total UE power savings can be calculated based on the approximation that at max power and minimal UL throughput (thus minimal baseband processing), the PA power consumption is typically ~75% of the total UE power consumption. The resulting total UE power savings is shown in column 4 of Table I.

	
Subcarriers (SC)
	PAPR @
 10-3 Clipping
(dB)
	PA Power savings %
(Net eff%)
	Total UE Power Savings (%)

	12
	6.8
	NA (36%)
	NA

	6
	5.5
	11% (27%)
	8.25%

	3
	3.3
	18% (54%)
	13.5%

	1
	0.0
	42% (78%)
	31.5%


Table I. Average PAPR of the sub-PRB and full-PRB transmissions and relative power savings
 Observation: Sub-PRB transmission for 6, 3, and 1 subcarriers can provide the MTC UE with relative total power savings of about 8%, 13.5%, and 31.5%, respectively.
Table II shows a comparison of total power savings between sub-PRB transmission and other power reduction methods such as frequency hopping (FH) and DMRS density increase, estimated from summary of PUSCH simulation results in [1]. 
Table II. Total power saving comparison b/w different methods
	
	Sub-PRB
Transmission
	Frequency-Hopping Interval=8 Over 50 PRBs
	2X DMRS density increase

	
	6 SC
	3 SC
	1 SC
	
	

	18 dB Gain
	8%
	13%
	31%
	17.4%**
	9.6%**



**Approximated from results summarized in [1]. For example, FH over 50 PRBs reduces number of repeats from ~155 to ~128 (17.4%), and DMRSx2 from ~155 to ~140 (9.6%). 
Observation: The UE power saving from sub-PRB transmission using 1or 3 subcarriers due to PAPR reduction is greater than that from frequency hopping or DMRS increase.
Proposal: Given the significant power savings for the sub-PRB PUSCH transmission, it is recommended to standardize this technique.
Conclusions
In this document we reported the following observation and proposal:
Observation: Sub-PRB transmission for 6, 3, and 1 subcarriers can provide the MTC UE with relative total power savings of about 8%, 13.5%, and 31.5%, respectively.
Observation: The UE power saving from sub-PRB transmission using 1or 3 subcarriers due to PAPR reduction is greater than that from frequency hopping or DMRS increase.
Proposal: Given the significant power savings for the sub-PRB PUSCH transmission, it is recommended to standardize this technique.
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