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Text proposal to capture agreements on Evaluation Methodology
1. Introduction

A number of working assumptions for the evaluation methodology for Cellular IoT were agreed at GERAN#63, based on proposals in GP-140547 [1]. 

This document provides TR text proposal for the following agreed working assumptions:

Coverage

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)

WA1a: For determining the MCL of a logical channel for legacy GPRS (non EGPRS), the coding scheme shall be assumed to be the most robust one specified in 3GPP TS 45.003 for that logical channel (e.g. CS-1 for PDTCH), and for uplink channels the MS transmit power shall be assumed to be +33 dBm.

Note:  "A common MCL should be targeted for legacy GPRS (non-EGPRS)". (Agreed in closing plenary)
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. (Agreed in WG1 & WG2 joint session)
Capacity

WA6: The capacity metric is defined as spectral efficiency in #reports/200 kHz/hour. (Agreed in WG1 & WG2 joint session)
WA7: The minimum system bandwidth shall be defined for each candidate solution. (Agreed in WG1 & WG2 joint session)
WA8: The system bandwidth assumed in any capacity performance evaluation shall be declared. (Agreed in WG1)

Energy Consumption

WA9: The input parameters for energy consumption analysis shall be as table 2 in GP-140547 [1]. (Agreed in closing plenary)

Note: in order to permit a focus on optimised battery life the 20 second duration from last transmit/receive activity to entry into Power Save State implies the use of a GPRS Ready State timer that is deliberately different to the 44 second default value for T3314 (clause 11.2.2 of TS 24.008), and a PSM-Active time that is probably different to the suggested value of “2 DRX cycles plus 10 seconds” (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 GP-140547 [1]. (Agreed in closing plenary)
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 State 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. (Agreed in closing plenary)
2. TR Text proposal

//unrelated sections are omitted
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3GPP TR 36.888: "Study on provision of low cost Machine-Type Communications (MTC) user Equipment (UEs) based on LTE". 

[4]
3GPP TR 45.914: "Circuit switched voice capacity evolution for GSM/EDGE Radio Access Network (GERAN)".
[5] 
3GPP TS 45.003: "Radio Access Network; Channel coding".

[6]
3GPP TS 24.008: "radio interface Layer 3 specification; Core network protocols; Stage 3".

[7]
3GPP TS 23.682: "Architecture enhancements to facilitate communications with packet data networks and applications".

…
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3.3

Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1]
BLER
Block Error Rate

PSS

Power Saving State

Rx

Receive

SINR
Signal to Interference Plus Noise Ratio

Tx


Transmit

//unrelated sections are omitted

4 
Objectives

4.1

Performance objectives

4.1.1
Improved indoor coverage

A number of applications require deployment of Machine Type Communication (MTC) devices indoor, e.g. in an apartment basement, or on indoor equipment that may be close to the ground floor etc. This effectively means that indoor coverage should be readily available and reliable. It should be possible to achieve an extended coverage of 20 dB compared to commercially available legacy GPRS (Non EGPRS) devices.  The extended coverage should allow delivery of a data rate of at least 160 bps on both the uplink and downlink at the (equivalent of) the Service Access Point (SAP) to the equivalent SubNetwork Dependent Convergence Protocol (SNDCP) layer.

NOTE:
The implications of supporting software upgrades for MTC devices at 160 bps should be investigated.

Editor’s Note:  This section will be updated to include more details about the physical layer bit rate requirement to support 160 bps at the equivalent of the SNDCP layer.

4.1.2 
Support of massive number of low throughput devices

A system that can support a large number of devices, each generating a small amount of data is required. The support of MTC traffic should be possible either in existing GSM deployments or using small chunk(s) of licensed spectrum which may be available to operators 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).

At cell level, it is expected that each household in a cell may have up to 40 MTC devices and the household density per cell is according to the assumptions in Annex A of TR 36.888 [3]. The MTC device density per cell is provided in Annex A. 
4.1.3 
Reduced complexity

M2M applications require devices that are very cheap (so that they can be deployed on a mass scale or in a disposable manner). The study should take into consideration that MTC devices have very limited throughput requirement and may not need to support circuit switched services to develop techniques that can significantly reduce complexity and hence cost. 

4.1.4 
Improved power efficiency

The power consumption of MTC devices compared with legacy GPRS (non EGPRS) should be reduced so that they can have up to ten years battery life with battery capacity of 5 Wh (Watt-hours), even in locations with adverse coverage conditions, where up to 20 dB extension might be needed. The traffic model for battery life estimation is given in Annex A. 

4.2
Compatibility objectives

4.2.1
Co-existence 

The Cellular IoT system should avoid negative impacts to legacy GSM/WCDMA/LTE system(s) deployed in the same frequency band and adhere to the regulatory requirements which apply to the spectrum bands in which the system operates.
4.2.2
Implementation impact to base stations

Impacts to the GPRS/EDGE base station hardware should be minimised. 
4.2.3
Implementation impact to mobile station

Mobile stations for Cellular IoT need not be compatible with legacy GPRS networks.

4.3 
Evaluation Methodology

4.3.1 Coverage improvement evaluation methodology

The Maximum Coupling Loss (MCL) is used as a measure of the coverage performance. The methodology to evaluate the MCL is the same as in 3GPP TR 36.888 [3]. Table 4.3-1 summarises the parameters and method to calculate the MCL. 

Table 4.3-1: MCL calculation methodology
	Logical 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)
	
	


The assumptions for (1), (2), (3), (4) and (9) are summarised in Table 5.2-3.  The data rate is according to the requirements in Section 4.1.1. The occupied channel bandwidth (5) should be declared for the solution under evaluation. The required SINR (7) will be minimum SINR value required in link level simulations to achieve the data rate (1) for a specified Block Error Rate (BLER) for the evaluated physical channel to which the logical channel is mapped. 

Editor’s note:  The BLER target for each logical channel should be defined

The coverage extension performance is evaluated by comparing the MCL of the proposed solution with a common MCL assumption for legacy GPRS (non EGPRS). The MCL of a logical channel for legacy GPRS (non EGPRS) is evaluated by using the most robust coding scheme specified in 3GPP TS 45.003 [5] for that logical channel (e.g. CS-1 for PDTCH). For uplink channels, the MS transmit power is assumed to be +33 dBm
. 
Editor’s note:  The common MCL should be that of the limiting logical channel for GPRS (non EGPRS)

The coverage performance evaluation for a candidate solution should include all uplink and downlink logical channels relevant to that candidate solution.

 If repetition and/or spreading are used to improve coverage for a logical channel, the number of repetitions and/or spreading factor used to improve coverage of a logical channel should be stated. 

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. 

The coverage performance of the candidate solution is that of the logical channel with the limiting MCL.

4.3.2 Capacity evaluation methodology

The capacity metric is defined as spectral efficiency in #reports/200 kHz/hour. The minimum system bandwidth should be defined for each candidate solution and the system bandwidth assumed in any capacity performance evaluation should also be declared.

Editor’s note:  Further clarification is required on what are the success criteria for delivery of a report in the context of the assumption that the report delivery is delay tolerant e.g. do we need to assume that x% of packets should be delivered within 4s, y% should be delivered within 20 seconds, z% should be delivered within 5 minutes and w% within say 2 hours ( as an example)?

4.3.3 Energy consumption evaluation methodology

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, 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 acknowledgement for that packet is shown in Figure 5.3-1.
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Figure 4.3-1: Example of events affecting energy consumption for IP packet exchange.

PSS denotes a Power Saving State such as that achieved with the Rel-12 Power Save Mode feature. In Idle, the device may be consuming more power than in the PSS state because, for example, it is maintaining a more accurate time/frequency synchronisation with the network.

The energy consumption methodology comprises of two steps: 

1. Declaration of key input parameters as shown in Table 2.

Table 4.3-2. Key input parameters for energy consumption analysis

	(1) Battery capacity

(Wh)
	(2) Battery power during Tx
(mW)
	(3) Battery power for Rx
(mW)
	(4) Battery power when Idle but not in PSS (mW)
	(5) Battery power in Power Save State (PSS)
(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
	
	
	
	
	1000
	

	
	
	
	
	
	Time from last Rx or Tx activity to entry into PSS 


	

	
	
	
	
	
	20 000
	


For each report (refer to Figure 4.3-1):

	(8) Rx time from PSS exit to re-entry into PSS

 (ms)
	(9) Idle time from PSS exit to re-entry into PSS 

(ms)
	(10) Tx time

from PSS exit to re-entry into PSS
 (ms)
	(11) Time from last Rx or Tx activity to entry into PSS 

(ms)
	
	

	
	
	
	20 000
	
	


2. The battery life is calculated as follows:
a. Energy consumed per data report: 

i. e1 (mW×ms) = energy for Tx + energy for Rx + energy for tasks in idle
         =  (10) × (2)    +   (8) × (3)   +    (9) × (4)
ii. E1 (Joules) = e1 / 1 000 000

b. Energy consumed per day:

E2 (Joules) = energy consumed per report × reports per day + energy in PSS per day
         =                     E1× (7)           +   (5) ×3600*24/1000

e2 (Watt Hours) = E2/3600

c. Days of battery life:

D = battery energy capacity / energy consumed per day = (1)/e2

d. Years of battery life:

Y = D/365
NOTE: In order to permit a focus on optimised battery life the 20 second duration from last transmit/receive activity to entry into Power Save State implies the use of a GPRS Ready State timer that is deliberately different to the 44 second default value for T3314 (clause 11.2.2 of TS 24.008[6]), and a PSM-Active time that is probably different to the suggested value of “2 DRX cycles plus 10 seconds” (clause 4.5.4 of TS 23.682[7]).
The energy consumption analysis should be done as per step 2 above. The analysis should 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.

The power consumption in Power Save State is 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. 

4.3.4 Complexity evaluation methodology

TBD
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