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Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1].
The objectives of the study include providing an extended coverage of 20 dB compared to legacy GPRS, a 10 years battery lifetime, as well as delivering exception reports with a throughput of at least 160 bps. 
In this contribution throughput, delay and resource analysis of the data traffic channels is investigated, which in turn is used for the calculation of battery lifetime, and exception report latency, see [3] and [4]. The methodology used to derive the performance is based on [5].
Background
Extensive discussions have taken place in GERAN on how to define the coverage limit on the data traffic channels for a certain candidate technique.
At the 11th telco for the FS_IoT_LC study a working assumption was taken to adopt the model in [5] as a common way of modeling data traffic channel performance.
There are two main approaches in the model, depending on the initial BLER of the candidate. For EC-GSM the initial BLER is assumed to be > 10 %, and hence approach 2 is taken. 
From [5]:
· Approach 1: Shall be used by candidate solutions that make use of an initial message BLER of ≤10%
· MCL is derived directly from the required receiver SNR to achieve the 10% initial message BLER, and the throughput is also derived for this case 
· Exception report latency is derived for 90% and 99% confidence of successful delivery, where the 99% case is approximated as one retransmission (unless the initial message BLER is already <=1%)
· Battery life is derived by considering the average number of retransmissions, which is approximated as the initial message BLER, i.e. in this case the residual BLER after the first retransmission is approximated as 0 %
· Approach 2: Shall be used by candidate solutions that make use of an initial message BLER of > 10%
· Link-level modelling is used, based on the following slides (Editor’s note: the slides referred to is the content in [5])
· This is used to derive the MCL, the latency at 90% and 99% confidence of successful delivery, and the average number of retransmissions used for the battery lifetime estimation
The model for approach 2 is also in [5] illustrated in a block diagram, into which a link level simulator is embedded to correctly model both data traffic channel and control channel performance. Multiple realizations are used to get enough statistics to derive the 90th and 99th percentile of successful message delivery at the coupling loss investigated, and the corresponding message delay and message throughput. 
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The performance metric to be derived by the methodology is outlined in [5] and includes to:
1. Derive the 90th and 99th percentile latency of the data traffic channel (other parts contributing to the overall exception report latency, such as network synchronization, are not considered in this evaluation) for ‘Exception report latency’. 
2. Derive the 90th percentile throughput. The delay from bullet 1) is used, and the size of the delivered report. The 160 bps throughput requirement applies to the 90th percentile.
3. Derive the average number of retransmissions (hence the resource utilization), to be used in the battery lifetime estimations
Simulations
Assumptions
The simulation assumptions used for EC-GSM in [6] has been followed.
Results
Battery lifetime
For the battery lifetime calculations it is assumed that [2]
“The analysis is done for Mobile Autonomous Reporting (MAR) periodic traffic for two packet sizes (with packet size = application layer payload + COAP+DTLS+UDP+IP header overhead) of 50 bytes and 200 bytes and three coverage levels: GPRS reference MCL + 0dB, GPRS MCL reference+10 dB and maximum achievable coverage of candidate technology”
Furthermore it is assumed that [2]:
“The assumption for DL packet size for battery life analysis (above equivalent of SNDCP) is the header protocol overhead of COAP/DTLS/UDP/IP (either 29 bytes or 65 bytes) i.e. DL application ACK size of zero bytes is assumed.”
In this analysis, only the worst case assumption on IP overhead is assumed for the DL application ACK, i.e. 65 bytes.
An overhead of 10 bytes from LLC and SNDCP has been added both to the MAR report size and the DL application ACK. Also it is assumed that 1 byte will be consumed by a LLC length indicator, effectively reducing the payload space with 1 more octet. These assumptions result in an overall report size to be delivered in a certain number of MCS-1 blocks:
· 61 bytes (50 bytes MAR); 3 MCS-1 blocks (61/22=2.77) 
· 211 bytes (200 bytes MAR); 10 MCS-1 blocks (211/22=9.59)
· 76 bytes (DL application ACK); 4 MCS-1 blocks (76/22 = 3.45)
If the ASAP feature, see [7], is not used, it is assumed that a one phase access procedure using enhanced AB based access, see [8], is used where a 4 byte TLLI is included in the first RLC data block. The inclusion of 4 extra bytes, will still keep the number of MCS-1 blocks as for the case with ASAP, and hence the analysis herein is valid for both cases.
Both results for 33 dBm output power class and 23 dBm output power class are presented. There is no restriction that the same coverage class needs to be assumed for DL and UL since EC-GSM supports separate coverage classes to be used in each direction. 
For example, comparing using 33 dBm output power of the device and 23 dBm output power, the same DL coverage class can be used for a certain level of coverage extension while the UL coverage class needs to be increased when using 23 dBm compared to 33 dBm.
The summary of the results for battery lifetime calculations are shown in Table 1.
Compared to earlier results, the average resource utilization is now presented as average number of bursts per delivered message (MAR or DL application ACK). Earlier the average number of transmissions per transmitted radio block has been shown that has given rise to questions on the meaning of the metric. Also, what is important for the battery lifetime is the number of bursts that need to be transmitted, hence, the use of the new metric. 
In [9], when using a simpler model of the channel coherency of the radio channel, it was for example shown that 1.7 transmissions on average was used for each transmitted radio block for the case of 20 dB extension for 33 dBm output power. A similar result is shown with the more sophisticated model where 319 bursts, which is 1.66 transmissions with the earlier used metric (319 / 4 (bursts per radio block) / 16 (blind repetitions per radio block)  / 3 (MCS-1 blocks per message)= 1.66).
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	Coverage
	Scenario
	Resources
EC-PDTCH
[avg. bursts/message]
	Resources
EC-PACCH
[avg. bursts/message]

	
	
	
	

	GPRS+20 dB (33 dBm) – UL
	UL MAR 50 bytes
	319
	133

	
	UL MAR 200 bytes
	1117
	187

	
	DL application ACK
	360
	124

	GPRS+10 dB (33 dBm) – UL
	UL MAR 50 bytes
	31
	12

	
	UL MAR 200 bytes
	110
	15

	
	DL application ACK
	36
	10

	GPRS+10 dB (23 dBm) – UL
	UL MAR 50 bytes
	319
	17

	
	UL MAR 200 bytes
	1082
	23

	
	DL application ACK
	36
	75

	GPRS+ 0 dB (23 dBm) – UL
	UL MAR 50 bytes
	32
	6

	
	UL MAR 200 bytes
	110
	7

	
	DL application ACK
	17
	9



Comparing a 50 byte MAR with a 200 byte MAR, the PACCH requirement is increased due to the longer message, and hence the increased number of blocks it is transmitted over, (i.e. for longer MAR there will be more instances of EC-PUAN transmission on the DL EC-PACCH throughout the course of a successful message transmission)..
Exception reporting
For exception reporting, it is the latency and throughput that is to be evaluated. The exception report has been agreed to be of size 20 bytes. Adding overhead from COAP/DTLS/UDP/IP/SNDCP/LLC of 75 bytes, the overall report size is 95 bytes. Adding one octet for the LLC length indicator, the number of blocks that the report can be delivered in are 5 MCS-1 blocks (i.e. 96/22 = 4.36). With the use of enhanced AB based access, see [8], the number of MCS-1 blocks is kept at 5 (i.e. (96+4)/22 = 4.55).
The throughput in the study is defined on top of SNDCP and hence throughput is derived by dividing the derived latency with (96-11)*8=680 bits (10 bytes from LLC and SNDCP overhead, 1 byte from LLC length indicator). For the application Ack the payload size on top of LLC/SNDCP is (76-11)*8=520 bits.
According to the agreed framework, the 90th and 99th percentile of the delay is presented, as well as the 90th percentile of the throughput. For completeness, also the 99th percentile throughput is shown.
As can be seen, the requirement on the throughput exceeding the 160 bps for the 90th percentile (see Section 3), is fulfilled.
Table 2. Performance summary – exception report latency and throughput.
	Coverage
	Scenario
	Delay [s]
	Throughput [bps]

	
	
	90th 
	99th 
	90th 
	99th 

	GPRS+20 dB (33 dBm) – UL
	Exception report
	1.92
	2.88
	354
	236

	GPRS+10 dB (33 dBm) – UL
	Exception report
	0.36
	0.70
	1889
	971

	GPRS+10 dB (23 dBm) – UL
	Exception report
	1.52
	2.24
	447
	304

	GPRS+ 0 dB (23 dBm) – UL
	Exception report
	0.36
	0.60
	1889
	1133

	GPRS+20 dB (33 dBm) – DL
	Application Ack
	1.36
	2.32
	382
	224

	GPRS+10 dB (33 dBm) – DL
	Application Ack
	0.20
	0.50
	2600
	1040

	GPRS+10 dB (23 dBm) – DL
	Application Ack
	0.32
	0.62
	1625
	839

	GPRS+ 0 dB (23 dBm) – DL
	Application Ack
	0.10
	0.22
	5200
	2364



Conclusions
[bookmark: _GoBack]In this contribution the delay, throughput and resource requirement for the different coupling loss values for EC-GSM have been shown using two different output power classes and assuming the use of either One Phase Access procedure according to, [8], or Accelerated System Access Procedure according to [7] (both are shown to provide the same results).
In all simulations, the methodology in [5] has been followed.
References
1. GP-140421, “New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) (revision of GP-140418)”, source VODAFONE Group Plc. GERAN#62.
1. GP-150317, TR 45.820 Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (Release 13), v1.0.0
1. GP-150451, “EC-GSM, Battery Life Time Performance evaluation”, source Ericsson LM. GERAN#66
1. GP-150449, “EC-GSM, Exception Report Latency performance evaluation”, source Ericsson LM. GERAN#66
1. GP-150417, “Common model for data traffic channel performance”, source Ericsson LM. GERAN#66
1. GP-150420, “pCR to 45.820: EC-GSM, Performance evaluation - Coverage improvement target”, source Ericsson LM. GERAN#66
1. GP-150204, “Accelerated System Access Procedure”, source Ericsson LM. GERAN#65
1. GP-150453, “EC-GSM, Enhanced AB Based Contention Resolution”, source Ericsson LM. GERAN#66
1. GP-150266, “EC-GSM, Modelling of HARQ transmissions for coverage improvement target”, source Ericsson LM. GERAN Ad Hoc #2 on FS_IoT_LC
1(6)
[bookmark: _Toc458939174]2(6)
