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introduction
A new WI on Radio Interface Enhancements for EC-GSM-IoT [1] was approved for Rel-14 at RAN#73. One of the objectives of the work item is to define a new uplink coverage class in order to achieve improved MCL performance for low power devices.
With introduction of the new coverage class CC5, the uplink coverage performance is expected to improve by 4 dB compared to highest coverage class (CC4) of Rel-13. 
Throughput and latency performance of the low power device (23 dBm) at GPRS+14 dB condition are analysed in this paper. The contribution is a resubmission of that one to Radio Interface Enhancements for EC-GSM-IoT Telco#1.

analysis of delay evaluation
Throughput and latency performance of the CIoT network is derived using the common model for traffic channel performance [2]. Key aspects of the delay calculation using this model are:
· The operating RXLEV is set to the MCL corresponding to the test condition.
· The exception report transmission which will require 5 RLC blocks is based on the specified traffic model. The time taken for successful transmission of all the RLC blocks including the delay corresponding to the transmission of control messages is recorded.
· The exception report transmission is repeated for N times. Both 99th percentile delay and 90th percentile delay are recorded.
· 90th percentile delay is used for calculation of the throughput. 99th percentile delay is used as time taken for data transmission part in the exception report delay calculations.
The results evaluated as per the above model using existing coverage classes are provided in [3]. The results are replicated in Table 1.
Table 1: Latency and throughput evaluation for EC-GSM-IoT (Rel-13), [3].
	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 (23 dBm) – UL
	Exception report
	1.52
	2.24
	447
	304


 
The delay corresponding to single transmission of the 5 RLC blocks including the processing delay and the time taken to start the actual transmission can be estimated as
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HARQ Transmission Time = MS-Delay-starting Uplink transmission(80 ms)+5*CC4 EC-PDTCH Transmission time(5*80 ms) + BSS Processing time (80 ms) +(CC4) EC-PACCH transmission time +MS Processing time(80 ms) = 720 ms.
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Based on the above calculation, the 99th percentile delay corresponds to 4 HARQ transmissions. In other words, with CC4 which operates at initial BLER of 50% at the given MCL condition, 1% BLER performance is provided with 4 HARQ transmissions.
In the same way, the 90th percentile delay should correspond to the number of HARQ transmissions required to achieve 10% BLER performance. As per the table 1 it maps to around 2.8 HARQ transmissions. In summary, the delay values can be mapped to the number of HARQ transmissions necessary to achieve the required BLER performance (10% and 1% BLER). 
The EC-PDTCH and EC-PACCH input signal levels for reference performance at initial BLER of 50% based on link level simulations are provided in Table 2. 
Table 2: Input Signal Level for Reference Performance for CC5
	Channel
	Input Signal level 
(0.5 dB granularity)

	EC-PDTCH /MCS-1’/48
	-132.5 dBm

	EC-PACCH/48
	-132.5 dBm



The number of additional transmissions required to achieve 10% BLER and 1% BLER was derived using link level simulations and is given in Table 3.
Table 3: HARQ Transmissions vs BLER Performance
	BLER Performance
	Number of HARQ Transmissions

	9%
	3

	1%
	4



Based on the above table, the delay for 90th percentile corresponds to 3* HARQ transmission time and delay for 99th percentile corresponds to 4* HARQ transmission time.

For the low power device (23 dBm) at GPRS+14 dB condition which corresponds to the RXLEV of new coverage class CC5, the downlink coverage condition will map to downlink coverage class CC3.

Based on the above information the different delay components of HARQ transmissions are derived as per Table 4.

Table 4: Transmission time estimation for single HARQ transmission using CC5 uplink coverage class.
	Delay component
	Time [ms]

	PUAN Processing
	40

	MS Delay for start of transmission
	240

	Transmission of 5 RLC Blocks (CC5)
	1200

	BSS Processing Delay of RLC Block reception
	40

	PUAN Transmission
	40

	Total time for single HARQ transmission
	1560



Based on the above total time for single HARQ transmission, the 90th and 99th percentile delay can be derived as 4.36 seconds and 6.24 seconds.

Observation 1: The throughput calculated based on 90th percentile delay for GPRS+14 dB coverage condition is estimated as 148 bps.




The delay value corresponding to the complete RLC block transmission in the latency calculation for GPRS+14 dB condition using CC5 is 6.24 seconds.

The delay calculation for the exception report transmission at GPRS+14 dB condition corresponding to RXLEV of uplink coverage class CC5 is given in Table 5. The values of delay components are taken from [4]. The values are modified for the GPRS+14 dB condition and the use of CC5 and are marked in yellow.

	Table 5: Exception Report Latency calculation for GPRS+14 dB

	
	
	Number of occurrences
	Total time [ms]

	1
	Network synchronization
(MCL = 164 dB)
	1
	690

	2
	Wait channel Request 
(1 TDMA frame)
	1
	4.6

	3
	Channel request (2*51)+24 TDMA frames)
	1
	581.5

	4
	tBSS-Imm. Assign. 
80 ms + 8 TDMA frames
	1
	117

	5
	Immediate Assignment (8 TDMA frames)
	1
	36.9

	6
	tMS
	1
	20

	7
	t4 HARQ
	1
	6240

	
	Total time
	
	~7690




Observation 2: As per the above calculations, the exception report latency performance of low power devices (23 dBm) using CC5 as uplink coverage class and CC3 as downlink coverage class is estimated as 7690 ms.


summary
The latency and throughput performance are derived based on the number of HARQ transmissions required to achieve the BLER performance corresponding to the 90th and 99th percentile delay, respectively, for the GPRS+14 dB coverage condition with usage of the new coverage class CC5. The target latency requirement of 10 sec is observed to be met (achieved: 7.7 sec) while the throughput performance with 148 bps is slightly below the target performance of 160 bps for the CIoT LC network as stated in [5].
The actual delay values estimated from the link level simulations using the common traffic model will also be presented in the RAN6#3 meeting to confirm both observations.
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