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1. Introduction

At the RAN #53 plenary meeting in Fukuoka, Japan the study item on the “Provision of low-cost MTC UEs based on LTE” was approved [1]. After initial discussion at the RAN1 #66bis meeting in Zhuhai, China [2] the skeleton of TR 36.888 was drafted and approved in email discussion [66bis-13]. In this contribution, we summarize our views on evaluation methodology and cost analysis as outlined in [3].
2. Identification of Applications and Traffic Characteristics
The scope of Machine-to-Machine (M2M) communication cannot be foreseen in its entirety at this time. However, it seems certain that Machine-Type Communication (MTC) will be diverse in its applications [4] and resulting traffic patterns [5]. In addition to this rich set of applications comes an overwhelming number of connected devices which is expected to outgrow traditional Human-to-Human (H2H) communication by orders of magnitude. To cope with these manifold requirements, it was suggested to identify a small number of simple and well understood MTC applications and traffic characteristics for the initial evaluation [2]. Ideally, this small set of sample applications should together cover the broad scope of MTC, i.e., low mobility and high mobility, frequent reporting and infrequent reporting, periodic reporting and triggered reporting, amongst others. It appears that such analysis has readily been conducted by RAN2. Appendix B of [5] singles out three use cases, namely, 

B.1 Smart Electric Metering


No mobility, periodic reporting, large number of devices [5]
B.2 Fleet Management



High mobility, periodic reporting, medium number of devices [5]
B.3 Earthquake Monitoring


No mobility, triggered reporting, small number of devices [5]
In addition, [5] provides traffic models for both periodic reporting and event-triggered reporting as well as examples for the number of MTC devices per sector, arrival distributions, reporting periodicities, and packet sizes.
Proposal 1:
RAN1 should re-use the use cases and traffic models in [5] as much as possible for initial performance evaluation. 
During the email discussion [66bis-10] following RAN1 #66bis, several issues were brought up such as the possible need for traffic aggregators, the distribution of traffic between uplink and downlink, and potential problems with the Rel. 8/9/10 control channel capacity. In our opinion, these aspects depend on the specific use case and should be FFS at this point. Once the vision of a truly smart grid with smart appliances has become a reality, traffic aggregators may turn out to be a feasible solution to handle the large number of connected devices and downlink traffic from the utility company to the customer with stringent latency requirements might possibly start to prevail. Initially, though, smart metering will mainly be used for billing purposes and consequently, uplink traffic will dominate which could be off-loaded to off-peak hours at night. Fleet management, on the other hand, is a real-time application by design and such off-loading is not possible. As mentioned in [2], use cases should initially be simple and traffic aggregators as well as downlink traffic seem of lesser importance for now.
Proposal 2:
RAN1 should initially focus on the uplink direction. The number of connected MTC devices, traffic models (periodic and triggered), packet sizes, latencies and resulting data rates should be defined and motivated by a small set of simple applications.
Proposal 3:
RAN1 should evaluate Smart Metering as the baseline MTC application. 
Proposal 4:
Traffic aggregators and data traffic in the downlink should be FFS.
3. Evaluation of Standard Aspects with significant UE Cost Impact

In our opinion, the potential impact of low-cost MTC UEs can be grouped into five classes:

1. Impact on standard specification 

e.g., MTC UE need not support 20MHz bandwidth (compatibility with Rel. 8/9/10 PDCCH)

2. Impact on network performance

e.g., coverage problems for single antenna MTC UEs

3. Impact on UE performance

e.g., prolonged battery life due to decreased decoding complexity

4. Impacts beyond the scope of 3GPP

e.g., single-band MTC UEs potentially decrease economies of scale for OEMs
5. No impact 

e.g., half-duplex MTC UE

Ideally, cost savings should be achieved at the UE side with minimal impact on the standard specifications and base station implementation. Furthermore, necessary changes to facilitate the cost savings at the UE should not impact the performance of other terminals or the overall spectral efficiency of LTE networks. To achieve both objectives, metrics need to be agreed on which allow to quantify costs, performance as well as standardization impacts. Factors which are hard to quantify within RAN1, such as economies of scale or implementation-specific hardware costs, should be discussed at a later stage.

Proposal 5:
From a RAN1 perspective, the analysis of low-cost MTC UEs based on LTE should encompass only those aspects that affect standard specifications and/or performance issues. 
In order to quantify costs in a reproducible and comparable manner, we propose to specify for each cost contributor 
· a corresponding hardware component or functional block

· if the costs are induced by the complexity or the quantity of the component or functional block

· in form of parameter sets how the component or functional block affects (UE or network) performance 

Following [3], relevant performance metrics are coverage and spectral efficiency at the network side and power consumption, data rate and latency at the UE side. A possible mapping of components and functional blocks to metrics is exemplified in the following table.
TABLE I
MAPPING OF COST CONTRIBUTORS TO METRICS AND IMPACTS

	Functional Block

or Component
	RF component or 
baseband complexity
	Parameter for Evaluation
	Metric
	Impact 

	FFT
	Baseband
	Bandwidth
	MHz
	

	Power Amplifier
	RF
	Transmit Power
	dBm
	Coverage, Power Consumption

	Filters
	RF
	Number of Bands
	Set
	

	ADC
	Baseband
	MCS
	Table
	

	Decoder
	Baseband
	FFS
	FFS
	PDCCH Design

	Buffer
	Baseband
	TBS size
	Bits
	

	RF Chain
	RF
	Number of Antennas
	Set
	Coverage

	MIMO
	Baseband
	DL: DCI; UL: UCI (CQI/PMI/RI)
	Table
	


Finally, the cost contributors are ranked relatively to each other by their corresponding component or complexity costs to allow for a comparison amongst them.
Proposal 6:
RAN1 should define a list of UE cost contributors defined as components or functional blocks. For each such component or block a parameter and metric is specified and it is indicated if and how any changes would impact the specifications or network performance. To compare different cost saving measures, a relative ranking is defined among the cost contributors.
4. Conclusion

In this contribution, we summarized our views on evaluation methodology and cost analysis for the provision of low-cost MTC UEs based on LTE. To quantify costs in a reproducible and comparable manner, we propose:
Proposal 1:
RAN1 should re-use the use cases and traffic models in [5] as much as possible for initial performance evaluation. 

Proposal 2:
RAN1 should initially focus on the uplink direction. The number of connected MTC devices, traffic models (periodic and triggered), packet sizes, latencies and resulting data rates should be defined and motivated by a small set of simple applications.

Proposal 3:
RAN1 should evaluate Smart Metering as the baseline MTC application. 

Proposal 4:
Traffic aggregators and data traffic in the downlink should be FFS.

Proposal 5:
From a RAN1 perspective, the analysis of low-cost MTC UEs based on LTE should encompass only those aspects that affect standard specifications and/or performance issues. 

Proposal 6
RAN1 should define a list of UE cost contributors defined through components or functional blocks. For each such component or block a parameter and metric is specified and it is indicated if and how any changes would impact the specifications or network performance. To compare different cost saving measures, a relative ranking is defined among the cost contributors.
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