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Evaluation Methodologies for Cellular IoT (update of GP-140644)
1 Introduction
At GERAN#62 a new SI called Cellular IoT was approved (see [1]). A number of performance and compatibility objectives are targeted in the study. This document attempts to kick-off discussions on the evaluation methodologies for coverage, capacity, energy consumption and cost.
This document is an update of [7]. Changes have been highlighted in red text.
2 Evaluation Methodologies
2.1 Coverage
It is proposed to reuse the methodology agreed in the Low Cost MTC study for coverage analysis, i.e. the Maximum Coupling Loss (MCL) is calculated as per Table 1 for both the uplink and the downlink (see also sub-clause 5.2.1.2 of [2]). Assumptions common to all candidate solutions are proposed in [3]. Other, solution specific, parameters have to be determined by analysis or by simulation. MCLs for all uplink and downlink logical channels relevant to a candidate solution should be listed respectively using Table 1. If repetition and/or spreading are used to improve coverage, the number of repetitions and/or spreading factors should be declared. If frequency hopping is used, the assumed gain due to frequency hopping should also be declared.
Table 1. MCL calculation
	Physical channel name
	
	

	Data rate(kbps)
	
	

	Transmitter
	
	

	(1) Tx power (dBm)
	
	

	Receiver
	
	

	(2) Thermal noise density (dBm/Hz)
	
	

	(3) Receiver noise figure (dB)
	
	

	(4) Interference margin (dB)
	
	

	(5) Occupied channel bandwidth (Hz)
	
	

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5))  (dBm)
	
	

	(7) Required SINR (dB)
	
	

	(8) Receiver sensitivity = (6) + (7) (dBm)
	
	

	(9) Rx processing gain
	
	

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


WA1: The methodology to calculate Maximum Coupling Loss (MCL) in sub-clause 5.2.1.2 of 3GPP TR 36.888 is reused for the evaluation of coverage performance. (Agreed in WG1)
WA2: The coverage performance evaluation for a candidate solution shall include all uplink and downlink logical channels relevant to that candidate solution. (Agreed in WG1)
WA3: The coverage performance of the limiting channel shall be taken as the coverage performance of a candidate solution. (Agreed in WG1)
WA4: If repetition and/or spreading are used to improve coverage for a logical channel, the number of repetitions and/or spreading factors shall be declared for that logical channel. (Agreed in WG1)
WA5: If frequency hopping is supported to improve coverage for a logical channel, then the MCL both with and without frequency hopping shall be evaluated for that logical channel.

2.2 Capacity
One of the objectives of the Cellular IoT study is to “support a massive number of MTC Mobile Stations” by “(re)using GSM carriers” or “using small parts of licensed spectrum coming from wideband systems like LTE (typically a substantially reduced number of 200 kHz RF channels compared to legacy GSM)” (see [1]).

Since the spectrum assumed for “clean-slate” and “GSM evolution” is not likely to be fully aligned, it makes sense to normalize the number of supported MTC Mobile Stations over the number of 200 kHz. Further, the time unit should also be considered, i.e. the capacity metric is defined as spectral efficiency in #MS/200 kHz/hour.
The supported number of MTC MS can be derived from analysis or simulations. 
WA6: The capacity metric is defined as spectral efficiency in #reports/200 kHz/hour.
WA7: The minimum system bandwidth shall be defined for each candidate solution.

WA8: The system bandwidth assumed in any capacity performance evaluation shall be declared. (Agreed in WG1)
2.3 Energy consumption
The purpose of energy consumption analysis is to calculate the achievable battery life for an MTC device using a specific candidate solution. A 5 Wh battery capacity should be assumed (see [1]), without consideration of battery leakage impact since this depends on battery technology. 
An example of the different events that affect energy consumption when an MS has to send an IP packet and receive an IP Ack for that packet is shown in Figure 1.
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Figure 1: Example of events affecting energy consumption for IP packet exchange.

The energy consumption methodology comprises three steps: 

1. Declare key input parameters as shown in Table 2.

Table 2. Key input parameters for energy consumption analysis
	(1) Battery capacity

(Wh)
	(2) Battery power during Tx
(mW)
	(3) Power for Rx
(mW)
	(4) Power when Idle but not in PSM (mW)
	(5) Power in Power Save Mode (PSM)
(mW)
	(6) Time between end of IP packet carrying “report” and start of IP packet carrying “ack” on radio (ms)
	(7) Number of reports per day

	5
	
	
	
	0.015
	1000
	

	Ready timer value (ms)
	PSM-Active timer value (ms)
	
	
	
	
	

	10 000
	10 000
	
	
	
	
	


For each report (refer to Figure 1):

	(8) Rx time from PSM exit to re-entry into PSM 
 (ms)
	(9) Idle time from PSM exit to re-entry into PSM 

(ms)
	(10) Tx time
from PSM exit to re-entry into PSM
(ms)
	
	
	

	
	
	
	
	
	


2. Calculate the battery life as follows,

a. Energy consumed per data report: 
i. e1 (mW*ms) = (8)*(3) + (9)*(4) + (10)*(2)

ii. E1 (Joules) = e1 / 1 000 000

b. Energy consumed per day:

E2 (Joules) = E1*(7) + (5)*3600*24/1000

e2 (Watt Hours) = E2/3600

c. Days of battery life:

D = (1)/e2

d. Years of battery life:

Y = D/365

WA9: The input parameters for energy consumption analysis shall be as table 2, above. (to be decided by WG 2.)

Note: in order to permit a focus on optimised battery life: 
a)
the suggested 10 second value for the Ready time is deliberately different to the 44 second value which is the default value for T3314 in clause 11.2.2 of TS 24.008, and
b)
the suggested 10 second value for the PSM-Active time is deliberately different to the “2 DRX cycles plus 10 seconds” suggested by clause 4.5.4 of TS 23.682.
WA10: The energy consumption analysis shall be done as per step 2 in section 2.3 of this document. (dependent on agreement on WA 9)
WA11: Energy consumption analysis shall be performed for three levels of coverage enhancement: 0 dB, 10 dB, and the maximum level achievable by the candidate solution and for two reporting frequencies: 1 and 12 reports per day. (Agreed in WG1)
WA12: The power consumption in Power Save Mode shall be assumed to be 0.015 mW, which only includes the contributions of a low power crystal, a minimal amount of active circuitry such as timers, plus leakage. (This needs to be reviewed in line with work on the UPoD topic.)
2.4 Cost
Many factors contribute to the cost of a new IC product, e.g. design cost, engineering cost, licensing cost, verification cost, packaging cost, assembly cost, test cost etc, among which some are outside 3GPP responsibilities. It is the view of the sourcing companies that only factors relating to the building cost of a modem is taken into account in the Cellular IoT study.
The absolute cost which depends on the volume and the fabrication technology/process, is difficult to predict when an MTC device is under deployment. It is thus more sensible to investigate the relative cost comparing with that of a legacy GPRS modem. A natural way to conduct cost analysis, i.e., to build a quantitative cost model, is to list the areas (operational parameters and cost-saving measures) that can provide a saving compared to the cost of the baseline modem.
The modem can be divided into two main architectural areas: RF part and baseband part. A consensus is first needed on the percentage of cost for each part for the legacy GPRS modem, e.g. 40% for the RF part as done in [2]. Then the cost-saving can be quantified for each component of the modem. The multiplicative effect of all the considered cost-saving aspects will give an indication of the total, as well as incremental, cost saving.
WA13: Only factors relating to the complexity of building a modem is taken into account in complexity analysis.

WA14: Complexity analysis shall be presented as the complexity saving comparing with a legacy GPRS modem.

WA15: The overall complexity of a modem is divided into two parts: RF complexity and baseband complexity. The ratio of RF complexity and baseband complexity for the legacy GPRS modem is assumed to be 40:60.
3 Conclusions
This document discusses how to evaluate coverage, capacity, energy consumption and cost for a candidate technique of Cellular IoT. It is proposed to take WA1 to WA15 in this document as working assumptions for future work in the Cellular IoT study.
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