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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, see [1].
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.

1.2
Reason for change

System level results to evaluate system capacity are needed for EC-GSM. 
1.3
Summary of change

System performance results are included for EC-GSM.
1.4 
References

[1]
GP-150756, “EC-GSM, MAR periodic and network command system capacity evaluation (update of GPC150622)”, source Ericsson LM. GERAN#67.
pCR to 3GPP TR 45.820-v1.4.0
	First modification (added subclause)


6.2.6.x
System simulations for capacity and latency evaluation

This subclause presents capacity and latency evaluation results for MS generated user data, as defined in subclause 5.2.2, 5.3.2, 5.3.3 and 5.3.5, based on system-level simulations.

The traffic model from Annex E and the evaluation methodology from subclause 5.2 and 5.3 are followed.

6.2.6.x.1
System parameters
System simulator settings are summarized in table 6.2.6.x-1. For more details, see reference [6.2-x].
Table 6.2.6.x-1. Simulation assumptions
	Parameter
	Value

	General
	

	Simulation time
	100 s

	System size
	192 cells

	Direction
	UL and DL

	Frequency band
	900 MHz

	Layer
	BCCH

	Frequency re-use
	12

	BTS antenna diversity
	MRC

	BTS output power
	43 dBm

	CIoT parameters
	

	EC-PDTCH timeslots per cell
	4 shared with legacy PDTCH1

	CIoT arrival rate per cell and second
	1, 5,  6.82, 9

	Chase combining
	On

	Incremental Redundancy
	Off

	Power control
	Off

	IP header compression
	Off/On

	Device output power
	23/33 dBm

	BPL model
	100 % CIoT devices subject to BPL

	BPL scenario and inter-site correlation
	Scenario 1, correlation 0.50

Scenario 1, correlation 0.75

Scenario 2, correlation 0.50
Scenario 2, correlation 0.75

	Device timeout
	40 seconds

	CS parameters
	

	CS timeslots per cell
	4 dedicated1,3

	CS load
	4 E per cell

	CS output power
	43 dBm in DL, max 33 dBm in UL

	CS power control
	Off in DL, on in UL

	DTX
	Off in DL, on in UL

	BPL model
	CS devices are not subject to BPL

	NOTE 1: The allocation of the CS and IoT timeslots in the TDMA frame are randomly offset per cell to model an unsynchronized network.

NOTE 2: 6.8 reports/commands per cell and second corresponds to the targeted number of devices per sector in the study.
NOTE 3: CS are put on timeslots 0 – 1 to model BCCH and RACH.


6.2.6.x.2
Coverage classes

Table 6.2.6.x-2 gives the details of the coverage classes.

Table 6.2.6.x-2. MCS and number of blind transmissions per coverage class
	Coverage Class
	Number of blind transmissions for PDTCH and PACCH
	MCS for PDTCH

	CC1
	1
	MCS-4

	CC2
	1
	MCS-1

	CC3
	2
	MCS-1

	CC4
	4
	MCS-1

	CC5
	8
	MCS-1

	CC6
	16
	MCS-1


6.2.6.x.3
Cell selection and coverage class estimation

Based on the findings in subclause 6.2.6.8 the error in the signal strength estimation can be modeled by a normal distribution with standard deviation of 4 dB. This is modelled by applying an independent estimation error, according to N(0,4 dB), to each base station. This implies that some users will not select the optimum serving cell, and also not the most appropriate coverage class (the one that minimizes resource utilization). That is, some cells will appear stronger or weaker than they actually are. The device always selects what is believed to be the strongest cell. Effectively this increases the interference levels in the network, as well as the resource utilization.

6.2.6.x.4
Control signaling

Packet uplink ACK/NACK (PUAN) is sent on EC-PACCH/D to (negatively) acknowledge data sent in the UL and assign fixed allocations to the MS. In the simulations its performance is pessimistically modeled with MCS-1 using the same number of blind transmissions as EC-PDTCH/D (but without HARQ retransmissions). If a PUAN with a fixed UL allocation assignment is unsuccessfully received the corresponding fixed UL allocation will be silent, i.e. the allocated MS will not transmit anything, but the radio block resources are consumed.

Packet downlink ACK/NACK (PDAN) is sent on EC-PACCH/U to (negatively) acknowledge data sent in the DL. In the simulations its performance is pessimistically modeled with MCS-1 using the same number of blind transmissions as EC-PDTCH/D (but without HARQ retransmissions).
6.2.6.x.5
Circuit switched users

The CS users are used as interferers on the remaining 4 TS on the used UL and DL carrier. In UL, power control and DTX are used, according to common assumptions, see [4]. The maximum UL output power for CS users is 33 dBm in all scenarios. For DL, power control and DTX are not used since the BCCH layer is modelled.

No BPL is applied to the CS users.
6.2.6.x.5
Simulated scenarios
Table 6.2.6.x-3 summarizes the simulated scenarios and clarifies the legends in the figures presented in section 6.2.6.x.7.

Table 6.2.6.x-3: Simulated scenarios
	Legend text
	CIoT
output 
power

[dBm]
	IP Header Compr.
	BPL scenario
	BPL inter-site correlation coefficient

	33 dBm BPL scenario 1/0.5
	33
	Off
	1
	0.5

	33 dBm BPL scenario 1/0.75
	33
	Off
	1
	0.75

	33 dBm BPL scenario 2/0.5
	33
	Off
	2
	0.5

	33 dBm BPL scenario 2/0.75
	33
	Off
	2
	0.75

	33 dBm BPL scenario 1/0.5 IPc
	33
	On
	1
	0.5

	33 dBm BPL scenario 1/0.75 IPc
	33
	On
	1
	0.75

	33 dBm BPL scenario 2/0.5 IPc
	33
	On
	2
	0.5

	33 dBm BPL scenario 2/0.75 IPc
	33
	On
	2
	0.75

	23 dBm BPL scenario 1/0.5
	23
	Off
	1
	0.5

	23 dBm BPL scenario 1/0.75
	23
	Off
	1
	0.75

	23 dBm BPL scenario 2/0.5
	23
	Off
	2
	0.5

	23 dBm BPL scenario 2/0.75
	23
	Off
	2
	0.75

	23 dBm BPL scenario 1/0.5 IPc
	23
	On
	1
	0.5

	23 dBm BPL scenario 1/0.75 IPc
	23
	On
	1
	0.75

	23 dBm BPL scenario 2/0.5 IPc
	23
	On
	2
	0.5

	23 dBm BPL scenario 2/0.75 IPc
	23
	On
	2
	0.75


6.2.6.x.6
Failed attempts

A timeout function is implemented in the simulator that cancels a transfer if it last for more than 40 seconds. In this case, the attempt to transfer the report is considered to have failed.
6.2.6.x.7
Results
The results presented are:

-
Latency of MAR periodic reports

- 
The latency includes time to synchronize to the network, time for random access and time to transfer the message. 
-
Network synchronization and random access are evaluated in separate simulations, see subclause 6.2.6.1 and 6.2.6.2.2. Delays from these are based on latency CDFs per coverage class for network synchronization time and random access time, respectively. For the random access delay, use of Access Bursts has been assumed.
-
The results are presented as CDFs of the delay at the target traffic load (6.8 reports per cell and second), see figure 6.2.6.x-1. 
-
Failed attempts are not included in the statistics (following the agreed methodology).
-
Latency of DL application Ack
- 

Latency is measured from the time an application layer DL ACK is received at the base station till the time when the device has successfully received the application layer DL ACK 
-

The results are presented as CDFs of the delay at the target traffic load (6.8 users per cell and second), see figure 6.2.6.x-2.
-
Random access delay for one phase access
-

According to subclause 5.3.5, random access delay is measured until the point in time where contention is resolved from the perspective of the device. In case an Access Burst is used on EC-RACH (i.e., one phase access), contention is resolved when the first PUAN containing a valid TLLI is received by the MS, which for EC-GSM will typically happen after the first fixed allocation has ended. In other words, the random access delay includes both time for the actual random access procedure and part of the data transfer. For the corresponding random access delay for Normal Burst access, see subclause 6.2.6.2.2.
-

Random access delay including only the time of the random access procedure for Access Burst is evaluated in subclause 6.2.6.2.2. Random access delay and data transfer delay until the first PUAN are added in post-processing based on latency CDFs per coverage class.
-

CDFs of the random access delay in case of one-phase access are presented in figure 6.2.6.x-3.
-
Resource utilization

-
This represents the average amount of EC-PDTCH UL and DL resources required per cell in the system, at the target traffic load (6.8 reports per cell and second).

-
Failed attempts

-
This represents the percentage of the attempts that were not successful, i.e. did not manage to get the report through during 40 seconds.
-
Capacity
-
Measured as spectral efficiency in number of delivered reports/sector/200 kHz/hour, at the target traffic load (6.8 reports per cell and second). The metric is calculated as

(#sent reports per sector per hour)*(1 - failed attempts)*(reuse)

It should be noted that only a fraction of the timeslots are actually utilized by CIoT on average, while the rest will be available for multiplexed legacy PS and CS services, so the reported capacity will be an underestimation.
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Figure 6.2.6.x-1: CDF of latency for MAR periodic reports with 6.8 users per cell-second. Left: 33 dBm CIoT MS output power. Right: 23 dBm CIoT MS output power.
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Figure 6.2.6.x-2: CDF of latency for DL Application Ack with 6.8 users per cell-second. Left: 33 dBm CIoT MS output power. Right: 23 dBm CIoT MS output power.
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Figure 6.2.6.x-3: CDF of random access delay for one phase access with 6.8 users per cell-second. Left: 33 dBm CIoT MS output power. Right: 23 dBm CIoT MS output power.
The simulation results are summarized in Table 6.2.6.x-4.
Table 6.2.6.x-4: Summary of results
	CIoT
output 
power

[dBm]
	IP Header Compr.
	BPL scenario/
inter-site correlation coefficient
	95th 

percentile 

latency

MAR Periodic
[s]
	95th 

percentile 

latency

DL App Ack
[s]
	95th 

percentile 

random access delay
[s]
	Average

Resource

Utilization

UL [TS]
	Average

Resource

Utilization

DL [TS]
	Capacity [#reports per sector per 200 kHz per hour]

	33
	Off
	1/0.5
	1.1
	0.37
	0.31
	0.7
	0.5
	2.0∙103

	33
	Off
	1/0.75
	1.2
	0.32
	0.38
	0.8
	0.5
	2.0∙103

	33
	Off
	2/0.5
	1.3
	0.38
	0.47
	0.8
	0.5
	2.0∙103

	33
	Off
	2/0.75
	1.5
	0.37
	0.62
	0.9
	0.5
	2.0∙103

	33
	On
	1/0.5
	1.0
	0.39
	0.28
	0.5
	0.3
	2.0∙103

	33
	On
	1/0.75
	1.1
	0.29
	0.34
	0.5
	0.3
	2.0∙103

	33
	On
	2/0.5
	1.1
	0.35
	0.38
	0.6
	0.4
	2.0∙103

	33
	On
	2/0.75
	1.3
	0.29
	0.48
	0.6
	0.4
	2.0∙103

	23
	Off
	1/0.5
	1.3
	0.36
	0.52
	0.9
	0.5
	2.0∙103

	23
	Off
	1/0.75
	1.7
	0.34
	0.84
	1.1
	0.5
	2.0∙103

	23
	Off
	2/0.5
	2.0
	0.44
	1.1
	1.2
	0.5
	2.0∙103

	23
	Off
	2/0.75
	4.3
	0.70
	2.5
	1.7
	0.6
	2.0∙103

	23
	On
	1/0.5
	1.1
	0.36
	0.38
	0.6
	0.4
	2.0∙103

	23
	On
	1/0.75
	1.3
	0.25
	0.54
	0.8
	0.4
	2.0∙103

	23
	On
	2/0.5
	1.5
	0.29
	0.70
	0.9
	0.4
	2.0∙103

	23
	On
	2/0.75
	2.8
	0.19
	1.4
	1.2
	0.4
	2.0∙103
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