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1. Introduction

Several concepts for reducing the cost of LTE UEs for MTC devices have been identified in RAN1#67 [1]. It was agreed to further evaluate the identified cost reduction factors in order to understand their impact on the system performance. In this contribution we provide the performance analysis of the reduction of UE maximum transmit power cost reduction strategy.
The reduction of the UE maximum transmit power offers the potential cost and power consumption savings. However it has a negative impact on the system performance in terms of uplink spectral efficiency and especially uplink coverage. The related performance degradation may be considered as acceptable only if the main system performance characteristics such as coverage and capacity are still at the competitive level comparing to the MTC operation in GSM/EGPRS networks and normal LTE UEs. In this contribution we analyze the impact of UE maximum transmit power on the PUSCH performance in terms of coverage, cell spectral efficiency and UE power consumption.
2. Performance analysis
2.1. Coverage analysis
The reduction of the UE maximum transmit power has a direct negative impact on the coverage performance of all uplink physical channels (PRACH, PUCCH, PUSCH). As it was reported in [2] the LTE coverage is limited by UL and in particular by PUSCH channel. The reduction of the maximum transmit power will lead to the linear reduction in the UL MCL performance and thus will further increase the existing DL and UL physical channels coverage imbalance in the LTE system. Moreover the reported coverage of LTE system in UL is almost at the same level with GSM/EGPRS system coverage in the assumption of 20 kbps data rate [1], [3]. Further reduction of the LTE PUSCH link budget will result in the potential LTE and GSM/EGPRS technologies imbalance in terms of uplink coverage.

So in case of adopting this strategy the coverage improvement solutions need to be designed to compensate the performance loss. However it is evident that the possibilities for coverage improvement in LTE are rather limited and it will be difficult to compensate significant gaps that will appear due to reduction of maximum transmit power. It should be also noted that many MTC devices are expected to be deployed inside buildings and may have additional penetration loss comparing to outdoor users.
2.2. Impact on the LTE uplink power control

According to the PUSCH open-loop uplink power control mechanism defined in LTE specification, the UE sets its output transmit power P according to following equation:
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where PTxMax is the UE maximum transmit power, PL is the path loss of the link between the UE and the serving eNodeB, M is the number of scheduled resource blocks assigned to considered UE and α and P0 are cell-specific parameters of the power control algorithm. Parameter α is the path loss compensation factor which varies from 0 to 1 and parameter P0 is the nominal transmit power defined for one PRB.
Further we consider the method to set the P0 values based on the approach described in [4] that aims to define target SNR0 for all users in the cell:
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where SNR0 is the target SNR level for the UEs transmitting at the maximum allowed power level and M0 is the number of PRBs in considered resource allocation. Following this approach the percentage of power limited UEs (i.e. UEs transmitting at the maximum transmit power) depends on the difference between the maximum transmit power level and the target SNR value (PTxMax – SNR0) and does not depend on power control parameter α.

The impact of the maximum transmit power reduction on the actual UE transmit power was evaluated in interference- and noise-limited environments (i.e. 3GPP Case 1 and Case 3) and for different fixed target SNR levels. Figure 1 shows the percentage of UEs transmitting at the maximum power for target SNR values equal to 5, 10 and 15 dB and for 5 PRBs PUSCH allocations.
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Figure 1: Percentage of UEs transmitting at maximum power level vs. UE maximum transmit power level
The following observations can be emphasized:
Observations:

· The number of UEs transmitting at the maximum power substantially increases with the maximum transmit power reduction.

· The percentage of UEs transmitting at the maximum power is significantly higher in noise-limited environment that may be often the case for indoor MTC applications.

· With the reduction of UE maximum transmit power the interference limited environment transforms into the noise limited environment.

· The efficiency of the LTE UL power control mechanism in terms of its ability to manage the inter-cell interference level and control cell-average / cell-edge performance tradeoff decreases with the reduction of the UE maximum transmit power. If the UE maximum transmit power is reduced substantially the power control algorithm converts into the full power transmission mode.
2.3. Cell spectral efficiency
The system level analysis of the cell and cell edge spectral efficiency performance for interference limited (3GPP Case 1) and noise-limited (3GPP Case 3) scenarios has been done for different values of the UE maximum transmit power and the selected results are illustrated in Table 1 and Figure 2 (the detailed simulation assumptions are listed in the Appendix A).

Table 1: System performance degradation due to UE maximum transmit power reduction

	UE maximum transmit power
	Cell SE, b/s/Hz
	Cell edge SE, b/s/Hz/user
	Cell SE / Cell Edge SE Degradation

	Scenario 3GPP Case 1 3D, 5 PRBs, SNR0 = 10 dB, α = 1.0

	23.0 dBm
	1.41
	0.064
	NA

	20.0 dBm
	1.39
	0.050
	1.4% / 21.9%

	15.0 dBm
	1.31
	0.024
	7.1% / 62.5%

	10.0 dBm
	1.16
	0.009
	17.7% / 85.9%

	Scenario 3GPP Case 3 3D, 5 PRBs, SNR0 = 10 dB, α = 1.0

	23.0 dBm
	1.01
	0.007
	NA

	20.0 dBm
	0.88
	0.005
	12.8% / 28.6%

	15.0 dBm
	0.64
	0.002
	36.6% / 71.4%

	10.0 dBm
	0.41
	0.000
	59.4% / 99.9%
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	Figure 2: Spectral efficiency performance degradation vs. UE maximum transmit power


The conducted system level analysis may be summarized in the following observations.
Observations:

· The substantial cell and cell-edge spectral efficiency degradation is observed if UE maximum transmit power is reduced.

· The performance of cell-edge users is much more sensitive to the UE maximum transmit power reduction and drops on 20-30% even if power is reduced on 3dBm only.

· The cell spectral efficiency performance degradation in noise-limited environments is substantially larger than in interference-limited environments. For instance the average spectral efficiency drops by 13% in 3GPP Case 3 scenario if power is reduced on 3dBm while the associated reduction in 3GPP Case 1 scenario is negligible.
2.4. Power consumption
The reduction of the UE maximum transmit power will have some impact on the UE transmitter RF and baseband power consumption. However the exact effect is not evident and will vary depending on the environment and UE link propagation conditions.
For the cell-center UEs which have good propagation conditions and power headroom the reduction of the UE maximum transmit power will not result in the reduction of the actual RF transmit power. At the same time the reduction of the maximum power for other UEs may result in the better interference conditions for these UEs and thus the allocation size required to transmit MTC packet will decrease and the transmit power (both RF and baseband) will also decrease. So the power saving for such UEs is rather limited.

For the power limited UEs which are transmitting at the maximum power the further reduction of the maximum power will have several effects. On the one hand the maximum transmit power will decrease. But on the other hand, to deliver the same amount of data the more robust MCS will be required and the original resource allocation will need to be expanded. Therefore there will be associated increase of RF and baseband power consumption for such power limited UEs.
In summary the impact of the UE maximum transmit power reduction on the UE power consumption is not straightforward and needs to be further addressed if the cost reduction strategy is adopted.
3. Conclusions
Summarizing the analysis of reduction of the UE maximum transmit power strategy for the low-cost MTC implementation the following can be concluded:
· From the cost perspective the reduction of the maximum transmission power can give maximum 10-12% reduction in the UE modem cost if the power amplifier is removed [1]. 
· The UE maximum transmit power reduction strategy has significant impact on system performance and does not provide substantial cost saving.

· From the performance perspective the reduction of the maximum transmission power can be applied in relatively small ranges and technical solutions that compensate the significant loss in coverage and spectral efficiency performance should be considered.
The results of the performance analysis are summarized in the 3GPP TR 36.888 text proposal which is provided in the Appendix B.

Proposal:
· From the system performance perspective the reduction of the UE maximum transmit power should not be recommended.
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Appendix A – Simulation Assumptions
Table 2: System level simulation assumptions for maximum transmit power reduction analysis.

	Parameters 
	Values 

	Duplexing
	FDD

	System BW 
	10MHz 

	Test environment
	3GPP Case 1 3D, 3GPP Case 3 3D (TR 36.814)

57 Macro cells hexagonal deployment, 570 UEs, UE speed is 3 km/h

	Antenna configuration 
	eNodeB: 4 Rx vertically polarized antennas separated by 4 wavelengths

UE: 1 Tx vertically polarized antenna

	Transmission schemes
	Single antenna port

	Receiver type 
	MMSE interference aware

	Link adaptation 
	MCSs based on LTE transport formats

CQI estimation with 5ms period; 6 ms application delay, granularity is 5 PRBs

	UE Capabilities
	QPSK and QAM16 modulations only

	Channel estimation
	Perfect

	Outer loop link adaptation
	10% target PER for initial transmission 

	Uplink power control
	Target SNR = 10, α = 1.0

	HARQ scheme 
	CC; maximum 4 retransmissions

	Overhead
	21.25%

	Feedback and control channel errors 
	No error 

	Scheduler 
	PF with 5 PRBs allocation granularity

	Traffic
	Full buffer


Appendix B – Text Proposal for Technical Report
-------------------------------------------------Start of Text Proposal -------------------------------------------------------

6.5
Reduction of transmit power

6.5.1
Description

The reduction of the UE maximum transmit power strategy offers the potential cost savings. From the performance perspective it has negative impact in terms of UL cell spectral efficiency and especially coverage of UL physical channels.
6.5.2
Analysis/evaluation of performance against requirements

	Metric
	Impact (Yes/No)

	Coverage (relative to normal LTE UEs) 
	Yes

	Minimum data rate
	No

	Power consumption
	Yes

	Impact to non-MTC UE
	No

	eNB hardware impact
	No

	Impact on specification
	Yes

	Cell spectral efficiency
	Yes


6.5.2.1 Coverage analysis

The reduction of the UE maximum transmit power has direct impact on the coverage performance of all uplink physical channels (PRACH, PUCCH, PUSCH). The reduction of the maximum transmit power will lead to the linear reduction in the UL MCL and thus will increase the DL and UL physical channels coverage imbalance in the LTE system.
6.5.2.2 Minimum data rate
The reduction of the UE maximum transmit power does not have impact on the minimum data rate unless the UE becomes power limited.

6.5.2.3 Power consumption

The reduction of the UE maximum transmit power will have impact on the UE transmitter RF and baseband power consumption. The impact will vary depending on the environment and UE link propagation conditions.
Several observations may be highlighted:

· For the non-power limited UEs which have good propagation conditions and power headroom, the reduction of the UE maximum transmit power will not result in the reduction of the actual RF transmit power.
· For the power-limited UEs which are transmitting at the maximum power the further reduction of the maximum power will increases allocation size (e.g. TTI bundling) that will increase the actual UE RF and baseband power consumption.
6.5.2.4 Impact on specification

The reduction of the UE maximum transmit power will have impact on the RAN4 specifications that deal with the definition of the UE maximum transmit power and the related performance.

6.5.2.5 Cell spectral efficiency

The reduction of the UE maximum transmit power leads to the degradation of the UL cell spectral efficiency. The degradation comes from the fact that more robust MCSs need to be used for PUSCH transmissions to compensate the UL coverage loss.

Several observations may be highlighted:

· The substantial cell and cell-edge spectral efficiency degradation is observed if maximum UE transmit power is reduced.
· The reduction of maximum transmission power transforms the existing inter-cell interference limited devices into noise limited.
· The performance of cell-edge users is more sensitive to the maximum UE transmit power reduction.
· The cell spectral efficiency performance degradation in noise-limited environments is substantially larger than in interference-limited environments.
6.5.3
Analysis/evaluation of cost reduction

-------------------------------------------------End of Text Proposal ---------------------------------------------
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