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1 Introduction
During RAN1#67 discussion of the study item of low-cost MTC UEs [1], a few concepts were agreed to be further considered because they were identified to have >= 10% cost reduction [2]. These concepts are:
· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation

In this contribution, we discuss the impact of reduced transmit power on the cost, specifications and performance.

2 Discussion
2.1 Cost saving
Reduction of maximum transmit power can potentially reduce the cost of power amplifier at (PA) the UE, thus reducing the UE cost. As indicated by the recommended values for the cost drivers for reference LTE modem in [3], the PA accounts for 25-30% of the RF cost, and the RF cost accounts for 40% of the total UE modem cost. This means the PA cost is 10-12% of the total UE cost. Therefore the cost saving from reduced transmit power is upper bounded by 10-12%, which would only be possible if the power could be reduced to the extent that the external power amplifier can be removed. The exact cost saving would depend on the extent of power reduction. However, if the maximum power is reduced by only a few dBs to ensure minimum impact on the coverage (as discussed in Section 2.3.2), it is unlikely that the external PA can be removed, thus leading to much smaller savings on the UE cost.
2.2 Specification impact

RAN1/RAN2/RAN3 specifications are transparent to the reduction of maximum transmit power. However, the RAN4 specifications will be impacted. In particular, TS 36.101 defines the transmitter characteristics assuming 23 dBm maximum transmit power for the UE, and new requirements would be needed for a lower power class. 
2.3 Performance impact
2.3.1 Power consumption

UE power consumption would depend on the actual UE transmit power and the transmission time. Assume that the UE maximum transmit power is reduced from P1 (23 dBm) to P2 (< 23 dBm). As long as the actual transmit power is less than P2 (meaning that the maximum transmit power is not reached in either case), the power consumption should be similar. If P2 is reached, a lower data rate would be used for transmission, resulting in longer transmission time for the same amount of data. Typically, power consumption is more dependent on DTX time than the absolute output power level, so for the transmission of the same amount of data, a reduction in maximum transmit power is actually likely to increase the average power consumption.
2.3.2 Coverage

Using the MCL methodology agreed for coverage analysis [3], when the UE maximum transmit power is reduced by X dB, the MCL for all the UL channels/signals (e.g. PUSCH/PUCCH/PRACH/Msg3) is reduced by the same X dB. 
· One of the requirements as indicated in the SID [1] is that:
 “The same defined LTE cell coverage footprint as engineered for “normal LTE UEs” should apply for low-cost MTC UEs.” 
According to the reference coverage analysis in section 5.2.1.2 of [3], the reference LTE system is UL limited. If the UE maximum transmit power is reduced, the UL coverage will be further reduced, increasing the imbalance between DL and UL. Therefore, the MTC UEs with reduced maximum transmit power would not be able to fulfil this requirement.

· The SID [1] states that the solution should:

“-
Ensure that service coverage is not worse than GSM/GPRS, at least comparable and preferably improved beyond what is possible for providing MTC services over GPRS/GSM today (assuming deployment in the same spectrum bands).”

According to the reference coverage analysis in section 5.2.1.2 of [3], both the reference LTE and the reference GSM/GPRS system are UL limited, and the reference LTE UL coverage is only marginally better than GSM/GPRS UL. With reduced maximum transmit power, the UL coverage for MTC UEs is further reduced by at least a few dBs, which will likely become worse than that of GSM/GPRS. So it is unlikely that this requirement can be achieved.
To summarize, when the UE maximum transmit power is reduced, the MTC UEs would have worse coverage than the normal LTE UEs, and they are also likely to have worse coverage than GSM/GPRS MTC UEs.
It may be argued that the reduced maximum transmit power may not cause coverage concern in certain scenarios, such as small cells, femto cells. For these scenarios, given the small radius of the cell, the maximum transmit power of a regular UE is never reached, therefore reducing the maximum power would not cause a coverage problem. However, this would mean this concept would only work in these particular scenarios. For low cost MTC UEs, it is generally accepted that only one new UE category should be defined to take advantage of the economies of scale. Therefore it does not seem attractive to have one type of low cost MTC UEs that only work in certain scenarios.
2.3.3 Cell spectral efficiency

When the UE maximum transmit power is reduced, the cell spectral efficiency will be impacted in most scenarios. Whether and how much the cell spectral efficiency is impacted mainly depends on how many UEs would reach the maximum transmit power, which is determined by factors such as the propagation model, cell radius, and UL power control scheme. If the reduced maximum power is never reached, the cell spectral efficiency would not be affected at all. This could happen with small cell radius. For most scenarios, there is a certain percentage of UEs that reach the reduced maximum power, which would reduce the cell spectral efficiency. The higher the percentage is, more significant degradation is expected in the cell spectral efficiency. As an example, 3GPP case 3 is expected to have a larger degradation from reduced maximum power than 3GPP case 1.
The reduced cell spectral efficiency can have significant impact especially for those MTC applications with heavier UL traffic.
3 Conclusion
The exact cost saving from reduction of maximum transmit power would depend on the extent of power reduction. If the power is reduced by only a few dBs to minimize the coverage impact and the external PA needs to be kept, the cost saving is expected to be much smaller than the upper bound of 10-12%.
Reduced maximum transmit power will have some impact on RAN4 specifications. Reduced maximum transmit power is also likely to increase average power consumption, as well as reducing the coverage and cell spectral efficiency.

In conclusion, it is not considered as an attractive solution. The major drawback is that it does not fulfil the coverage requirements on low-cost MTC UEs in [1].
We propose to capture the above discussion into the TR.
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