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1. Introduction

The machine type communication (MTC) nowadays becomes an essential part of wireless communication industry and according to today’s forecasts is expected to significantly grow in the upcoming decade. The support of MTC by wireless broadband technologies can significantly expand the amount of services that network operators can offer to the end users. The MTC devices that can sense the environment, react on its changes and communicate with the network and humans can enrich people lives and automate many of today’s routine processes.

The initial design of the LTE technology itself was mainly focused on the increase of the system capacity in order to meet the requirements of IMT-Advanced systems. To achieve these goals, the recent technological advances such as spatial signal processing, ability to process wide bandwidth signals have been adopted in modern LTE devices to increase the network spectral efficiency, user throughput and coverage. Nowadays, the new machine type devices and services are entering wireless communication world. The majority of today’s MTC applications (such as smart metering, fleet management, etc.) does not require high speed connection with the network and therefore does not require full LTE functionality. In fact, MTC applications are mainly low data rate and are different from data-oriented applications and VoIP services for which LTE technology was optimized during the past years.
The efficient support of MTC devices in LTE system may require further system optimizations in order to minimize terminal energy consumption and take into account the typical characteristics of MTC traffic and usage models. The main objective of the low cost MTC SI [1] is to minimize the cost of MTC terminal to be cost-competitive with the existing GSM/GPRS based solutions. This optimization criterion is mainly a market driven factor. From the market perspective, the terminal cost reduction may stimulate expansion of LTE technology to a more diverse set of low end market niches and application services. On the other hand, any cost reduction is associated with the performance loss and affects the network characteristics. These tradeoffs should be carefully analyzed by the whole industry including network operators and communication equipment vendors.

The RAN1 WG has identified several cost reduction strategies [2]-[6] that can potentially reduce the cost of MTC terminal. In this contribution we provide summary of our views for each cost reduction strategy identified by RAN1 WG, draw SI conclusions and provide our recommendations.

2. Impact of Cost Reduction Strategies
The majority of the identified cost reduction strategies have significant impact on multiple aspects including specification impact, UE and eNodeB implementation, system performance. Table 1 provides the summary of the impact of cost reduction strategies on different system aspects that were agreed by RAN1 WG to be captured in the study item technical report.
Table 1: Impact of cost reduction strategies on different system aspects.

	Metric
	MTC cost reduction strategies

	
	Peak Rate Reduction
	Bandwidth Reduction
	Single RF chain
	H-FDD
	Reduction of Max TX Power
	Reduction of DL TX Modes

	Coverage (relative to normal LTE UEs)
	No
(no direct impact)
	Yes
(degrades due to reduced frequency diversity)
	Yes
(degrades due to reduction of spatial diversity and sensitivity)
	Yes
(implementation dependent, may be even improved due to usage of switch-based receiver RF)
	Yes
(degrades proportionally to power reduction)
	Yes
(degrades due to reduction of TX array gain)

	Minimum Data rate
	Yes
(if TB size can guarantee required data rate)
	No
(if required data rates are still supported)
	No
(no direct impact)
	No
(no direct impact)
	No
(no direct impact)
	No
(no direct impact)

	Power consumption
	Yes
(decreases due to reduced processing complexity;
may increase if multiple TTIs are needed to satisfy MTC data rate)
	Yes
(decreased due to reduction of processing;
increased due to longer transmission/processing time)
	Yes
(reduced in RF and baseband due to complexity reduction,
may increase to compensate link budget loss)
	Yes
(likely to reduce, the level of reduction is implementation dependent)
	Yes
(decreased due to DC power consumption,
may be increased to compensate link budget loss)
	Yes
(there is some impact but it is minimal)

	Impact to non-MTC UE
	No
(no direct impact)
	No
(no direct impact)
	No
(no direct impact)
	No
(no direct impact)
	No
(no direct impact)
	No
(no direct impact)

	Impact on specification
	Yes
(not significant, mainly introduction of restrictions)
	Yes
(significant, support of narrow-bandwidth control channels)
	Yes
(rather significant from RAN4 perspective due need to change the requirements)
	Yes
(depends on implementation)
	Yes
(not significant from RAN1 perspective, assuming that no solutions that compensate link budget loss are introduced)
	Yes
(rather small impact related to the restriction of TM selection)

	Cell spectral efficiency
	Yes
(not significant, unless rich set of MCSs is supported)
	Yes
(can be rather large due to lack of frequency diversity/selectivity gains)
	Yes
(due to lack of spatial processing)
	Yes
(not significant)
	Yes
(significantly degrades in UL)
	Yes
(due to lack of spatial processing)


Analyzing the table above, it can be observed that all cost reduction strategies require some UE implementation changes and related development efforts, and at much less degree require eNodeB implementation modifications. In addition, the majority of cost reduction strategies also lead to performance loss of the main network performance indicators comparing to LTE UE Category-1 terminal.
Observations:
· In current MTC study item technical report the impact on UE implementation and development is not considered while all cost reduction strategies mainly affect the UE design (i.e. require implementation changes in UE terminal, including hardware and/or software).

· From the UE vendor perspective, the positive aspect is that the majority of the cost reduction strategies (except bandwidth reduction) requires lower UE implementation complexity and in some sense can be considered as down-selection of the features which are supported by regular UEs.
It is important to note that identified cost reduction strategies have different level of impact on UE implementation, network performance and amount of cost savings that can be achieved. From the study item completion perspective, it would be reasonable to provide comparative analysis or at least try to rank the cost reduction strategies using different criteria.

3. Ranking of Cost Reduction Strategies 
In this section we provide the ranking of the cost reduction strategies identified by RAN1 WG using re-categorized criteria that aggregate evaluation metrics in Table 1 and main SI objective, i.e. cost reduction. Note that eNodeB hardware impact is excluded since no significant impact has been identified. In our view the following factors can be used to rank cost reduction strategies:
· UE modem cost saving;

· Impact on specification;

· Impact on network performance (spectral efficiency, coverage);

· Reduction of UE design and implementation complexity / hardware simplification.

The ranking of cost reduction strategies in accordance with the above indicated criteria is given in Table 2. The ranking analysis is based on our performance evaluations [7]-[8], UE complexity analysis with taking into account potential cost savings.
Table 2: Ranking of cost reduction strategies
	Strategy Score
	UE Cost Saving1
	Min. impact on RAN1 specification
	Min. impact on system performance2
	UE Design Complexity Reduction2

	6
	Bandwidth Reduction
	Single RF chain
	Peak Rate Reduction
	Single RF chain

	5
	Single RF chain
	TX Mode Reduction
	H-FDD
	Peak Rate Reduction

	4
	Peak Rate Reduction
	H-FDD
	Bandwidth Reduction
	H-FDD

	3
	H-FDD
	Max TX Power
	Single RF chain
	TX Mode Reduction

	2
	Max TX Power
	Peak Rate Reduction
	TX Mode Reduction
	Max TX Power

	1
	TX Mode Reduction2
	Bandwidth Reduction
	Max TX Power
	Bandwidth Reduction


1 Based on average numbers provided by companies for inclusion into SI technical report.
2 Based on conducted performance analysis and evaluations.
3 Score clarification: the highest score (6) has positive meaning, the lowest score (1) is negative.

The overall ranking summary of MTC cost reduction strategy aggregated over all considered factors is provided in Table 3.

Table 3: Summary of cost reduction strategies ranking
	Cost Reduction Strategies
	Total Rank

	Single RF chain
	5+6+3+6 = 20

	Peak Rate Reduction
	4+2+6+5 = 17

	H-FDD
	3+4+5+4 = 16

	Bandwidth Reduction
	6+1+4+1= 12

	TX Mode Reduction
	1+5+2+3 = 11

	Max TX Power
	2+3+1+2 = 8


As it can be seen the single RF chain has got the maximum score since it provides substantial cost savings, significantly reduces UE complexity and does not have major impact on RAN1 specification. The maximum transmit power reduction has got the minimum score since it introduces significant system performance loss that will likely require design of solutions for it compensation and does not provide substantial cost savings.
4. Conclusions
The RAN1 WG has identified six cost reduction strategies that can be applied to reduce the cost of LTE UEs up to the level of GSM/EGPRS terminals. The MTC device cost reduction is achieved at the expense of performance degradation of the LTE performance metrics such as spectral efficiency and coverage. However as it was shown by multiple evaluations during the study item even with the reported performance losses the overall LTE system performance exceed or stay at the competitive level with GSM/EGPRS systems. This makes LTE technology attractive for migration of low-cost and low-end MTC application services. In particular LTE technology is able to provide higher spectral efficiency values and support the increased number of MTC devices that can be simultaneously served by LTE system. From the coverage perspective the performance of LTE technology is similar to GSM/EGPRS unless the maximum transmission power reduction is adopted for reducing the cost of MTC terminals. In the latter case the uplink coverage may degrade and additional technical solutions will be needed to compensate link budget loss.

It is also important to note that some of the strategies such as peak rate reduction and bandwidth reduction are overlapped in many aspects and only one of them is needed for operation of low-cost MTC devices in future LTE networks. These two strategies lead to the same goal but have different tradeoffs in terms of the maximum amount of cost savings versus specification/implementation impact. When comparing those two strategies, the bandwidth reduction excludes operation of low cost MTC terminals in legacy networks (Rel. 8-11) due to wideband transmission of DL control channels in legacy system. This implication should be taken into account when the group makes a decision on down selection of the appropriate strategy for MTC device cost reduction.
In addition as we have elaborated in the beginning of our contribution the cost reduction is mainly a market driven factor that can be achieved in LTE at the expense of some performance loss on eNodeB to low cost MTC device links. With this regard the operator’s input on the importance/necessity of cost reduction strategy adoption in LTE is more than required.
The other factor that should be also taken into account is the standardization timeline. Some of the controversial strategies such as bandwidth reduction may require significant standardization efforts across multiple RAN working groups. The amount of standardization efforts may substantially increase the time to market while the cost of regular LTE UE modem decreases by that time. Therefore, the benefits of cost saving can be significantly diminished.

In summary we have following conclusions:

· If identified cost reduction strategies are adopted then it is likely that the cost of LTE based MTC terminal will approach the cost of GSM/EGPRS devices.
· The adoption of the MTC cost reduction strategies will result in poorer link quality for MTC UEs and will degrade the system performance at some extent. The amount of overall system loss will depend on the proportion between the regular and MTC traffic.

· In spite of performance loss from the cost reduction strategies, the LTE technology is still at the competitive level comparing to GSM/EGPRS and even exceeds it in multiple aspects such as spectral efficiency and number of served MTC devices.
· The ranking of the identified cost reduction strategies can be recommended for the completion of the study item technical report. An example ranking approach is provided in current contribution. The exact ranking can be further discussed in RAN1 WG.
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