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[bookmark: _Ref177802497]1	Introduction
1.1	Background Information
A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62 [1]. The N-GSM candidate solution as part of the GSM evolution track has been introduced in the TR [2] in [3].
1.2	Reason for change
One of the performance objective mentioned in the study item is latency for transmission of exception report. The latency value considering all the delay components involved in successful transmission should be within specified limits as per study item objective. The latency evaluation results for the exception report in the N-GSM system are added to the TR in this contribution. 
1.3	Summary of change
This contribution includes text to be included in the TR in section 6.3.8.7.1 related to the latency analysis for the exception report. The latency is evaluated using the analytical approach mentioned in section 5.3.
As per the latency evaluation results, the observed latency for the exception report is below the study item target value of 10 seconds. The latency value derivation is based on the concept paper in [3].
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6.3.8	Concept evaluation 

6.3.8.7 	Latency Evaluation
6.3.8.7.1 	Exception Report Latency
6.3.8.7.1.1 	Applied evaluation methodology
The exception report latency is evaluated using the analytical approach mentioned in section 5.3.1 considering the time taken for transmission and reception of various logical channels for the given MCL conditions (MCL=154 dB and MCL=164 dB). Exception report latency is considered as the time taken from the instant of application trigger for the Exception Report to successful transfer of all RLC blocks belonging to the Exception Report in uplink at the BSS. 
The reference sequence diagram for exception report transmission using N-GSM logical channels is illustrated in the below diagram.
[image: ]
Figure 6.3.8.7-1: Message sequence diagram for Exception Report.
The latency for the exception report includes the network synchronisation time as well as transmission and reception times for common control channels followed by the data transmission latency of the uplink traffic channel. The latency performance for the uplink traffic channel refers to the 99th percentile delay value derived from the simulation model as referred in section 5.6.1. The delay components involved in exception report latency are 
· Network synchronisation time
· N-RACH transmission and N-AGCH reception time 
· Wait time in MS and BSS to process the received message
· Delay value corresponds to 99th percentile value derived from uplink traffic channel performance evaluation results.
The exception report transmission uses the fixed uplink allocation scheme instead of dynamic allocation based on USF to reduce the downlink monitoring and thus energy consumption for this procedure.
In the above figure the traffic channel procedure uses the enhanced contention resolution procedure described in section 6.2.4.6.8. Inclusion of TLLI will require additional 4 bytes to the current estimated payload size at RLC level. rTLLI uses the spare bits of the RLC header. This inclusion does not impact the throughput analysis as the number of RLC blocks required for the Exception Report does not change with this inclusion.

6.3.8.7.1.2 	Network synchronization time calculation
Based on the performance evaluation for network synchronisation in section 6.3.8.2, following delays are determined:
· Network synchronization time including FCCH acquisition and successful decoding of N-SCH at MCL=154 dB is estimated as 917820 ms based on the 95th percentile value of N-SCH acquisition time. 
· Average network synchronization time including FCCH acquisition and successful decoding of N-SCH at MCL=164 dB is estimated as 14901393 ms based on the 95th percentile value of N-SCH acquisition time.

6.3.8.7.1.3 	N-RACH and N-AGCH transmission time calculation
As per N-RACH design, described in section 6.3.3.6.1, the maximum delay for one N-RACH transmission is derived:  
· for the MCL corresponding to GPRS+10 dB, the N-RACH number of repetitions and the repetition period for the maximum value of NTIN=4 are derived as 4 and 59, respectively. For this repetition pattern the time taken for N-RACH transmission will be maximal, i.e. 3*59 TDMA frames (816.9 ms). 
· for the MCL corresponding to GPRS+20 dB, the N-RACH number of repetitions and repetition period for the maximum value of NTIN=4 are derived as 16 and 14, respectively. For this repetition pattern the time taken for N-RACH transmission will be maximal, i.e. 15*14 TDMA frames (969.2 ms).
AGCH requires 2 transmissions for GPRS+10 dB scenario and 5 transmissions for GPRS+20 dB case.
· Transmission Time (N-AGCH) for GPRS+10 dB:= 2*51 TDMA frames = 470.8 ms
· Transmission Time (N-AGCH) for GPRS+20 dB:= 5*51 TDMA Frames = 1176.9 ms 

6.3.8.7.1.3 	Delay calculation for GPRS+10 dB scenario
After reception of the immediate assignment message, the uplink data transfer of the RLC blocks containing the Exception Report is started.
For data transmission in this scenario, the device uses 80 ms extended TTI for transmission of each RLC block and maximum 8 HARQ transmissions. T(HARQ) estimated for successful data transfer using HARQ is 1600 ms as evaluated in the coverage analysis in section 6.3.8.6. The calculation is depicted in table 6.3.8.7-1 below.
Table 6.3.8.7-1: Delay calculation for GPRS+10 dB coverage for N-GSM.
	Delay component
	Value (ms)

	Network synchronization time
	917820

	N-RACH transmission time
	816.9

	Tbss (time taken by BSS before sending N-AGCH)
	80

	N-AGCH Transmission Time
	470.8

	Tms (time taken at device to start uplink transmission )
	80

	Delay calculation from throughput analysis for 99th percentile. T(HARQ)
	1600

	Total Delay
	3964.73867.7




6.3.8.7.1.4 	Delay calculation for GPRS+20 dB scenario
For data transmission in this scenario, the device will use concatenated TTI as above described in the concept description using the dual time slot configuration. N-PDTCH uses dual-slot transmission with concatenated TTI of 3 RLC blocks resulting in a TTI of 120ms for a single transmission. In this case 4 HARQ transmissions are required for successful transmission of all RLC blocks. T(HARQ) estimated for successful data transfer using HARQ is 4580 ms as evaluated in the coverage analysis in section  6.3.8.6. The calculation is depicted in table 6.3.8.7-2 below.
Table 6.3.8.7-2: Delay calculation for GPRS+20 dB coverage for N-GSM.
	Delay component
	Value (ms)

	Network synchronization time
	14901393

	N-RACH transmission time
	969.2

	Tbss (time taken by BSS before sending N-AGCH)
	80

	N-AGCH Transmission Time
	1176.9

	Tms (time taken at device to start uplink transmission )
	80

	Delay calculation from throughput analysis for 99th percentile. T(HARQ)
	4580

	Total Delay
	
8376.18279.1



6.3.8.7.1.5 	Summary
The latency value is calculated using above components for both, GPRS+10dB and GPRS+20dB conditions and values are given in table 6.3.8.7-3.
									Table 6.3.8.7-3: Exception Report latency summary.
	Coverage condition
	Exception report latency (sec)

	GPRS reference MCL + 10dB
	3.9643.868

	GPRS reference MCL + 20 dB
	8.3768.279



The results indicate that the observed latency for the Exception Report is below the study item target value of 10 seconds.  
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