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NB M2M – Overview of Measurement Design
1 Introduction
Many operations in traditional cellular networks rely on precise physical layer measurements performed by both the user equipment and the base station. However, the fundamental characteristics of the NB M2M system (e.g. ultra low complexity, very long battery life and infrequent, short bursts of traffic) [1] pose additional challenges for the measurement design. 

In this contribution, an overview of the measurement design in the NB M2M system is provided. 
This is a resubmission of GPC150035 presented at the CIoT Adhoc #1 meeting.
2 Discussions
2.1 Application scenarios
Measurement is required to be performed in a wide range of scenarios to obtain the channel status information in both downlink and uplink. This contribution focuses on the downlink measurement design since the uplink measurements are generally more straightforward given that these measurements are performed by the base station.

The application scenarios for the downlink measurement in the NB M2M system include:

· Cell selection/reselection: the measurement result is the most critical performance index to ensure that the terminal camps on a suitable cell;
· Scheduling: link adaptation based on measurement provides an efficient means to enhance the spectrum efficiency when the channel condition is favourable; 
· Power control: transmit power adapts to the characteristics of the radio propagation channel based on measurement;
· Initial coverage class selection: the measurement result determines the coverage class the terminal selects at the initial access stage.
More scenarios may need to be supported in future through the evolution of the NB M2M system as new applications and requirements emerge. 
2.2 Design principles
Compared to traditional cellular networks, the measurement design for the NB M2M system should be able to support the new challenges including ultra-low complexity, low power consumption, scalability to large numbers of terminals, and the support of coverage extension to meet the objectives identified in the SI [1]. Therefore, our measurement design applies a number of principles which are of particular importance in the NB M2M system:
· The frequency of performing measurements at the terminal should be minimized in order to maximize terminal battery life; 

· The measurement procedure at the terminal should be simplified as much as possible to meet the ultra-low complexity requirement; 
· Air-interface interactions should be minimized to reduce over-the-air overheads and therefore to maximise network capacity; 
· The measurement performance requirement is allowed to be relaxed compared to traditional cellular networks (e.g. GSM and LTE) by exploiting particular features of the NB M2M design that make it more resilient to measurement errors or stale measurements (for example, the use of FDMA rather than OFDMA on the uplink).

2.3 Signals/channels for measurement

Measurement results are derived based on the measurements performed on known physical signals/channels, and then the results are filtered and injected into the higher layer for use. Three downlink physical layer channels, PBSCH, EPBCH and PDSCH, are defined in the NB M2M system [2]. These three channels are separated by frequency and have different physical layer structures (e.g. coding scheme, resource mapping, etc.). In the following, we examine each physical channel to analyze the potential of utilizing the channel for measurement. 
· PBSCH: Two cell-specific signals, PSS and SSS, in PBSCH are regarded as known by all MTC devices after the cell search procedure [2], so they could be taken as the references for measurement. The sequences used for PSS/SSS generation have good correlation properties which could reduce the interference impact on measurement. The repeated transmission of PSS/SSS per 80ms ensures a high density in the time domain which could result in higher measurement accuracy. 
· EPBCH: The SIB2-4 information carried by EPBCH [2] varies over time, and therefore the signals in EPBCH are unknown prior to decoding.

· PDSCH: Two types of bursts are supported by PDSCH (i.e. DCI burst and non-DCI burst) [2]. Cell-specific preamble and pilot symbols within the DCI burst exist in every DCI interval for each coverage class (the periodicity of DCI interval is typically 160ms for normal coverage and typically 2.56s for the largest coverage extension). The pilot symbols contained in non-DCI bursts are transmitted aperiodically depending on base station scheduling.

The comparison of the measurements performed on different physical layer channels are summarized in Table I.  
Table I Comparison of the measurements performed on different physical layer channels
	Candidate channels
	PBSCH
	EPBCH
	PDSCH

	Supported measurement metrics
	The power of received reference signals, the quality of received reference signals, and the received signal strength
	Received signal strength
	The power of received reference signals, the quality of received reference signals, and the received signal strength

	Measurement accuracy 
	High
	Low
	Medium

	Latency
	Low
	Medium
	High


Based on the analysis above, PBSCH is likely to be the most suitable choice as the reference for the measurement especially in the scenario of cell selection/reselection and initial coverage class selection where an early decision plays a critical role in the overall latency reduction and possibly in power saving. However, as previously mentioned, PBSCH and PDSCH are located in different frequency carriers. Therefore, the measurement on PBSCH may not accurately reflect the channel status of PDSCH due to frequency selective fading. However, this is unlikely to be a major effect due to the relatively narrow overall frequency band (i.e. 200 kHz) used for the M2M transmission which is likely to undergo largely flat fading in most scenarios.
Therefore, in our design, the PSS/SSS in PBSCH are normally used for measurement, but the preamble and pilot signals in PDSCH can be used in addition if the MTC device can reliably determine their locations. 
The measurement results are composed of two quantities as follows:

· Synchronization Signal Received Power (SSRP): The SSRP is defined as the linear average over the power contributions (in [W]) of the received signals that carry cell-specific synchronization signals within the PBSCH channel. For SSRP determination the cell-specific PSS or/and SSS signals shall be used. The reference point for the SSRP shall be the antenna connector of the terminal.

· Traffic Channel Quality Indicator (TCQI): The TCQI indicates the preferred combination of modulation scheme, code block size, spreading factor and repetition factor for the PDSCH transmission from the terminal’s perspective. The TCQI is derived from the measurements assuming the PDSCH can be received with a code block error probability not exceeding the target value.

The measurement results are reported by the terminal’s higher layers in terms of these two quantities. 
2.4 Measurement settings and procedures
Periodic measurement could provide better measurement accuracy and reduce the latency to react to the change of status which relies on the measurement. However, the increase in average power consumption incurred by such periodic measurement is unaffordable for many MTC devices for which battery life is targeted at 10 years. On the other hand, the infrequent, short duration characteristics of typical Cellular IoT traffic means that the traffic bursts themselves may not provide useful periodic measurements due to the potentially long interval between consecutive traffic bursts. As a result, instead of periodic measurement, an event-triggered measurement is designed within the NB M2M system. Several events are defined such as those described for cell reselection in our companion paper [3]. 
The measurement settings should be able to fulfill the performance requirements (e.g. accuracy and latency) to provide a solid basis for the measurement-relevant operations as enumerated in sub-section 2.1. The potential introduction of PSM (power saving mode) and connected DRX in the NB M2M design to reduce power consumption will bring new challenges for the measurement setting. As a result, measurement parameters (e.g. the length of measurement duration) should be set to values that are compatible with the supported modes. In addition, the performance requirements (e.g. measurement accuracy) are allowed to be relaxed to some extent considering the design features of the NB M2M physical layer which provide inherent resilience to measurement errors or stale measurements.         
In order to simplify the measurement design, especially at the terminal, and to minimize over-the-air overheads, the measurement results are not reported periodically. Instead, a number of reporting criteria could be defined to trigger the terminal to send a measurement report. The terminal uses the measurement reporting procedure to report measurement results to the base station which could use these results in corresponding operations (e.g. scheduling).
3 Conclusions
This document provides an overview of the measurement design for the NB M2M system. Different physical channels are compared as potential measurement candidates, and two quantities are defined as the measurement results in the measurement report. The related measurement procedures are also described.  
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