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1. Introduction
Motivated by the goal of avoiding, in the future, the need to maintain a separate GSM/GPRS network just for MTC devices, the study item of provisioning of low-cost MTC UEs based on LTE was proposed and approved [1]. The most important factor for the business success of LTE based MTC is obviously cost if satisfactory coverage & power consumption can be ensured as well.  
In the last RAN1 #67 meeting, it was agreed that the reference for the cost comparison for the low cost MTC device will be a single band, single RAT, Cat-1 UE, and operating on a 20 MHz carrier. Also, the following techniques have been identified for further analysis:

· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation
A tabulated analysis of most of the proposed techniques can be found in [3]. In this contribution, we present more detailed analysis on reduction in transmit power. We follow the structure of the TR section 6 so that most of the text in all the sections can be considered as text proposal.
2. Description
Reduction of transmit power is a technique aimed to lower or remove the cost of PA. It is expected that this technique will have much of the impact on UL performance and coverage. 
3. Analysis/evaluation of performance against requirements
An analysis of the technique against system requirements is provided in this section. The analysis is to be used in combination with the cost analysis:

Table 1. Impact of redcued transmit power
	Metric
	Impact (Yes/No)

	Coverage same as GSM/EGPRS [and legacy LTE]
	Yes

	Minimum Data rate
	No

	Power consumption
	Yes

	Impact to non-MTC UE
	No

	eNB Hardware impact
	Yes

	Impact on specification
	No

	Cell spectral efficiency
	Yes

	…..
	

	……
	


[Editor’s Note: Whilst the Low cost MTC UE based on LTE is required to meet all the requirements, a particular requirement may not be applicable to an identified technique. Evaluation/analysis of impact (positive/negative) to be provided below for only for the requirement’s that has an impact (indicated by “Yes” above in the table). Below shown are example placeholders for some analysis/evaluation of some of the requirements]

3.1. Coverage Analysis
Note the coverage requirement in [1],

· 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). The same defined LTE cell coverage footprint as engineered for “normal LTE UEs” should apply for low-cost MTC UEs.

This seems to imply two reasonable operational requirements:

1. When any legacy GPRS/GSM based MTC device, served in a GPRS/GSM network, is replaced by a LTE-based MTC device served in a LTE network in the same band, no legacy MTC device should have any coverage issue. 

2. Coverage for LTE-based MTC devices should be the same as normal LTE UEs. In other words, LTE eNB density should not need to increase just to ensure MTC devices can connect to the network just as a normal LTE UEs.    

A link budget is a reasonable method for coverage analysis and maximum coupling loss (MCL) of a physical channel represent the largest path loss that channel can tolerate. To evaluate whether the first requirement is met, from the MCL table for GPRS/GSM in TR36.888 version 1.0.0 [2], we see
Table 5.2.1.2-1: MCL calculation for GSM/EGPRS
	Physical channel name
	UL
	DL

	(10) MCL 
         = (1) ((8) + (9) (dB)
	139.4
	148.4


To evaluate whether the second requirement is met, from the MCL for normal LTE in TR36.888 version 1.0.0 [2], we see: 
Table 5.2.1.2-2: MCL calculation for normal LTE
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	(9) MCL 
         = (1) ( (8) (dB)
	147.2
	141.7
	[140.7]
	[145.4]
	149.0
	149.3
	146.1


Observation:

· Reducing the PA transmission power in whatever dB value will worsen the UL coverage by the same amount, given LTE systems are UL limited. Removing a PA (23dBm) will obviously not able to work in the deployment scenarios required in the SID. 

3.2. Power Consumption 
Requirement for power consumption in [1] states:

· Ensure that overall power consumption is no worse than existing GSM/GPRS based MTC devices.
Reduced transmission power may result in some power saving. But power consumption is not proportional to the PA output power because of fixed DC current drain.  Unless the PA can be removed or its DC current drain can be significantly reduced, the power consumption reduction is probably minimal.  

4. Analysis/evaluation of cost reduction  
Reducing PA power have limited cost saving, especially considering the large economy of scale at the typical PA power of 23dBm. 

If we can completely remove the PA, which will be a max of 10-12% of total saving based on the fact that PA accounts for 25-30% of RF cost that is 40% of total cost [2]. For the envisioned system operation with direct eNB-to-UE access, it is impossible that we can remove PA and still meet the coverage requirements. 

5. Conclusion 
In this contribution, we present more detailed analysis on reduced transit power. 
We observe: 

· Reducing the PA transmission power will worsen the UL coverage dB for dB, given LTE systems are UL limited. Removing a PA (23dBm) will obviously not able to work in the deployment scenarios required in the SID.

· Reducing PA power have limited cost saving, especially considering the large economy of scale at the typical PA power of 23dBm.
· If we can completely remove the PA, which will be a max of 10-12% of total saving based on the fact that PA accounts for 25-30% of RF cost that is 40% of total cost
We propose:
· Not to consider reduction of PA power as a cost saving technique for LTE MTC devices. 
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