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1. Introduction

The cost of the UE could be decreased by reducing the required maximum output power of the UE [1]. However, this will result in a reduction in uplink coverage as well as capacity.  Coverage holes may be introduced, especially for control and random access channels where repetition is either limited or not available.  To compensate for this loss, coverage enhancement features may be introduced.  This will, however, further reduce the capacity of the system.

This contribution analyzes cost reduction benefits versus coverage and capacity loss resulting from a reduction in the maximum output power.  It is seen that the marginal cost saving does not justify the reduction in coverage and capacity and the possible need of further coverage enhancement features.
2. Summary of Analysis
Table 1 - Table 2 summarizes key points from the performance and cost analysis of reducing the maximum output power of the UE.  From a performance perspective (see Table 1), capacity loss is small for small cells but can be significant in large cells assuming a 6dB reduction in the maximum power.  Likewise, coverage holes may be introduced for large cells in existing networks.  The loss is proportional to the amount of power reduction.  This will increase power consumption for users in poor RF conditions (i.e. power-limited users) as additional re-transmissions are needed to successfully transmit the packets.
Table 1.  Performance summary of reducing the maximum output power.

	Performance Metric
	Evaluation

	Power consumption
	 Increase in power consumption for power-limited users. 

	Coverage
	Cell coverage loss proportional to maximum power reduction amount.  
Coverage holes may be introduced in networks that are already rolled-out.
PUSCH coverage loss may be compensated through HARQ at the cost of capacity and latency.
PUCCH & PRACH coverage loss may require additional coverage enhancement features.

	Capacity
	Small capacity reduction for interference-limited scenario, significant capacity reduction for noise-limited scenario.


From a cost saving perspective (see Table 2), there is no impact to the baseband cost of a reference LTE modem (UE category 1).  The cost of the UE power amplifier could be decreased somewhat with the reduction in the maximum output power and the relaxation in required linearity.  It is estimated that this can lead to approximately 2% cost saving for a reference LTE modem.
Table 2.  Cost summary of reducing the maximum output power.

	Cost Metric
	Evaluation

	Baseband
	No impact

	RF
	Approximately 5% cost reduction from total RF costs

	Overall cost
	Approximately 2% cost saving for a reference LTE modem (Baseband + RF, UE category 1)


3. Capacity Analysis 
Figure 1 illustrates system-level performance results of normalized MTC uplink capacity as a function of the maximum UE output power.  3GPP simulation scenarios Case-1 and Case-3 are considered here.  The traffic model is regular reporting [2] with reporting interval of 5 minutes and packet size of 1000 bits.  The system bandwidth is 5 MHz and two receive antennas at the eNB are assumed.
From Figure 1, it can be seen that the capacity loss is small for 3GPP Case-1 where the cell size is small and the system is interference limited.  In this case, a 6dB reduction in the maximum output power results in only a 5% decrease in uplink capacity.  On the other hand, for 3GPP Case-3 where the cell size is large and the system is noise limited, capacity loss is significant.  A 6dB reduction in the maximum output power results in 65% decrease in uplink capacity.
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Figure 1. Normalized capacity as a function of the maximum UE output power.
To achieve cost saving in the power amplifier, the maximum transmit power must be reduced significantly (e.g. to 5 or 10dBm [4]
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 \* MERGEFORMAT [5]). This will severely impact both uplink capacity and coverage of the system.
4. Cost Analysis 

Since baseband functionalities are not related to the output power, there is no impact to the baseband cost of a reference LTE modem with the reduction in maximum output power.  Typically, power amplifier can account for 25-35% of the RF cost.  The cost of the UE power amplifier could be decreased somewhat with the reduction in the maximum output power and the relaxation in required linearity.  Cost reduction analysis has been done as per [6] (i.e. based on computational and memory reduction) – with RF accounting for 40% and baseband accounting for 60% as recommended for evaluation in [6].   It is estimated that this can lead to approximately 5% cost reduction from total RF costs, equivalent to 2% cost reduction for a reference LTE modem.

For comparison purposes, Table 3 provides a summary of the cost savings from different techniques using cost reduction analysis agreed in [6].

Table 3.  Summary for cost savings for different techniques.

	Technique
	Cost Reduction from total RF costs
	Cost Reduction from total baseband costs

	Bandwidth reduction    (5 MHz) 
	5%
	15%-30%

	Half duplex
	15%
	5-10%

	1 RX
	20%
	20%-40%

	Reduction of transmit power
	5%
	~0%

	Reduction of peak rate
	~0%
	15%-40%


Note that the power amplifier cost depends also on the market volume.  It may be such that the regular LTE power amplifiers may have much higher volume and thus may be more attractively priced.  This can negate any theoretical cost advantage from the reduction in maximum output power.
5. Conclusion
From the analysis, it is estimated that reducing the maximum output power can lead to approximately 2% cost saving for a reference LTE modem.  In large cells, however, capacity loss can be significant and coverage holes may be introduced, requiring specification changes to address the shortfall.  In addition, power consumption may increase for power-limited users as additional re-transmissions are needed.  Based on the analysis, it is seen that the marginal cost saving does not justify the reduction in coverage and capacity and the possible need of further coverage enhancement features.  

Recommendation: The maximum transmit power for low-cost MTC UE is the same as Rel-8 UE.
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