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Introduction
[bookmark: _GoBack]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 the modeling of HARQ for EC-GSM is described. The model is used to derive the coverage extension on packet data traffic channels, which in turn is also used for the calculation of battery lifetime, and exception report latency.
Background
In earlier meetings how to define the coverage limit for a certain candidate technique has been discussed, see for example [5], [6], and [7].
At the tenth telco for the FS_IoT_LC study a proposed way forward was reached:
TC#10 Proposed way forward #3:
· For system approaches that don’t use HARQ, use 10% BLER for the coverage simulation.
· For systems using HARQ, explain how they meet the 160 bps at the MCL coverage extension and 10 sec Exception reporting requirements.
· For both approaches the 10 sec Exception report requirement is for [90]% of cases at maximum coupling loss.
· Further (onlist) email discussion welcome, but let’s see if this approach can lead to useful simulations for the ad hoc in April.
· The Exception report should still be a broadly analytic calculation, but further discussion on e.g. delay for 99% of cases is open
Since EC-GSM uses HARQ, the proponents shall explain how the throughput target is met and also what delay is seen for the exception reporting use case. This is the intention of this document.
The levels where this should be presented are assumed to be the 90th percentile and 99th percentile.
Proposed approach for modelling retransmissions/HARQ for MCL calculations
Below, a practical approach for HARQ transmissions is shown. It is detailed for EC-GSM, but the general principles would apply also for other candidate solutions.
1. Link simulations:
· The performance of a data traffic channel utilizing incremental redundancy or chase combining of blocks retransmitted by the RLC layer is derived by link simulations. This will give the BLER after each given number of transmissions, denoted BLER1, BLER2, BLER3, etc. The link simulations should include all relevant sources of error, e.g., RLC/MAC header errors.
· The performance of the feedback channel (ACK/NACK report) is also derived by link simulations. In this case, only one BLER value is sufficient to model the performance (i.e. no retransmission scheme used for the ACK/NACK). This is denoted BLERFB.
2. Modelling of HARQ process:
· The process of transferring a data packet is modelled as illustrated in Figure 1.
· Block errors are modelled by random events with probabilities taken from the link simulations
· Block errors are assumed to be independent, which is also in accordance with the time coherency of the radio channel assumed.
· Delays of transmitting the data blocks and ACK/NACK reports, as well as delays due to processing in the MS and BSS, and wait times due to the granularity of the radio interface, are added for each step in the process
· A processing delay+wait time of 1 TTI can be assumed in the MS and BSS
· The process is repeated many times to get a distribution of the packet transfer delay. It is proposed to use a fixed packet size (according to the exception report traffic model) in these simulations.
3. Modeling of ACK/NACK in the HARQ process
· In case the ACK/NACK is erroneous, a waiting time for the following HARQ transmission is assumed to be the same as the time it would have taken the allocation to be transmitted. Hence, the transmission time of the ACK/NACK, the processing/waiting time for the ACK/NACK, and the transmission time of the allocation is added to the total delay before a second ACK/NACK is assumed to be transmitted.
4. Throughput calculation:
· The throughput is calculated by dividing the packet size with the delay. The 90th and 99th percentile of the delay to derive the throughput is presented. 
The above is repeated for different coupling losses to find the MCL at which a throughput of 160 bps is fulfilled. 
The procedure and the assumed delays are shown in Figure 1.
Calculate the number of radio blocks to be transmitted
NBLOCKS
Set transmission counter to N=1
Transmit blocks: Determine for each transmitted block whether it was erroneous or not based on BLERN
TWAITING TIME = 1TTI
TTRANSMISSION TIME = NBLOCKS*TTI

Have all blocks been successfully decoded?
Done!
Calculate total delay.
Send ACK/NACK report: Determine whether the report was erroneous or not based on BLERFB
TA/N TX TIME = 1TTI
TA/N WAITING TIME = 1TTI
Yes
Correctly received?
Increase transmission counter
Yes
No 
(additional delays added as if A/N would have been received)
No

[bookmark: _Ref415187099]Figure 1: Modelling of HARQ process including feedback
Results
Simulation assumptions
The simulation assumptions are all commonly agreed and captured in [2]. Apart from the agreed assumptions a candidate specific frequency offset of N(0,10) has been used, following the common agreement in [8], since it has been shown by simulations that EC-GSM is more accurate than this assumption, see [9].
For report sizes to be delivered, the agreements from [2] are followed.
· UL: 95 bytes (20 bytes report + 65 bytes IP header + 10 bytes LLC and SNDCP header)
· DL: 75 bytes (0 bytes report + 65 bytes IP header + 10 bytes LLC and SNDCP header)
This means that 5 MCS-1 blocks (95/22=4.3) are sent on the UL, and 4 MCS-1 blocks (75/22=3.4) are sent on the DL.
Simulation results
Summary
The summary of the Simulations are shown in Table 1.
[bookmark: _Ref416775759]Table 1. Summary of simulation results.
	Coupling loss
	Dir.
	Average resource utilization factor (see Section 4.2.4)
	Delay [s]
	Throughput [bps]

	
	
	
	90th 
	99th 
	90th
	99th

	GPRS+20 dB
	UL
	1.7
	1.7
	2.4
	396.7
	279.8

	GPRS+20 dB
	DL
	1.4
	1.5
	2.3
	356.2
	225.5

	GPRS+10 dB
	UL
	1.4
	0.4
	0.6
	1705.7
	1206.1

	GPRS+10 dB
	DL
	1.5
	0.4
	0.7
	1269.0
	780.5



In Section 4.2.2, 4.2.3 and 4.2.4 the delay throughput and resource utilization are shown for the case of ‘GPRS+20 dB’ for the UL. The same type of simulations have been used to populate the rest of the table.
[bookmark: _Ref416782078]Delay
The delay CDF for the ‘GPRS+20 dB’ UL is shown in Figure 2.
[image: ]
[bookmark: _Ref416776872]Figure 2. Delay CDF for ‘GPRS+20 dB’ UL.
As can be seen, only a few of the reports will have all blocks being received the first attempt (plateau around 5%). 90% of the reports are delivered within 1.7 seconds and 99% within 2.4 seconds.
[bookmark: _Ref416782082]Throughput
The corresponding throughput, defined as the report size divided by the delay, is seen in Figure 3.
[image: ]
[bookmark: _Ref416781158]Figure 3. Delay CDF for ‘GPRS+20 dB’ UL.
The throughput is calculated taking the LLC and SNDCP header sizes into account. 
Hence, on the UL, the throughput is calculated as 85 bytes (95-10 bytes) over the transmission time. 
As can be seen, 90 % of the reports experience a throughput of at least 396.7 bps, while 99% experience a throughput of at least 279.8 bps.
[bookmark: _Ref416782014]Resource utilization
The resource utilization, expressed as number of radio blocks transmitted on average for each planned radio block, is shown in Figure 4.
[image: ]
[bookmark: _Ref416816931]Figure 4. Resource CDF for ‘GPRS+20 dB’ UL.
As can be seen, on average 1.7 radio blocks are transmitted. The initial BLER in the first transmission is around 50 %, and hence is contributing most to the additional resources required, while subsequent error levels are lower. The loss of PACCH blocks are also somewhat contributing to the overall resource utilization. Without PACCH errors the average utilization factor is at 1.6 radio blocks.
Conclusions
In this contribution the delay, throughput and resource requirement for the different coupling loss values for EC-GSM have been shown together with a description of the methodology used to derive these figures, following the proposed way forward at Cellular IoT telco#10 that:
“For systems using HARQ, explain how they meet the 160 bps at the MCL coverage extension and 10 sec Exception reporting requirements”
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