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Common Assumptions for MTC Simulations 
on CCCH and PDCH Congestion
1 Introduction
The study item on Network Improvements for Machine Type Communication was approved at GERAN#44. In order to organize the work and more easily enable comparison between different contributors of the work, common assumptions needs to be agreed.

This document discusses:

· the traffic models

· the simulation methodology
· the simulation assumptions
proposed for the simulation work on MTC with a focus on CCCH and PDCH congestion.
The document is an update of [6], with updates highlighted in red.
2 Traffic model

The traffic model is assumed to be mobile originated, meaning that the MTC server will not poll/request reports from the MTC devices. Hence, the MTC devices will require access to the network rather autonomously and thus the network need not page the MTC devices 

2.1  CCCH Signaling
In order to capture different network access behaviors it is proposed to divide the scenarios to be investigated in both synchronized and non-synchronized access.

Two different traffic models are foreseen and are listed in Table 1.
Table 1. Traffic models.

	Traffic model
	Description

	T1
	MTC devices accessing the network in an uncoordinated/non-synchronized manner

	T2
	MTC devices accessing the network in a coordinated/synchronized manner with a certain distribution


Table 2. CCCH Traffic Scenarios

	Scenario
	T1
	T2

	Number of devices
	λ / (Reporting interval)

	X

	Arrival process
	Poisson

Arrival intensity: λ [arrivals/second]


	Time limited deterministic event distribution. See 2.1.1.
The time-spread of the distribution is controlled by parameter T [s], which shall include T=1.



	Reporting interval
	· 5 seconds

· 15 minutes

· 1 hour

· 1 day
	NOTE: With this traffic model reporting interval is not defined since the number of devices are fixed and the access need to be finished by all devices before the following access can take place.

	Report Sizes
	· 10 byte

· 200 byte
· 1000 byte
	· 10 byte

· 200 byte

· 1000 byte


Scenario T1 can be considered to be quite realistic, since for a large amount of users the overall arrival process can be modeled as a Poisson arrival process regardless of the individual arrival process. This is further discussed in [2] 

Scenario T2 models the behavior when e.g. multitude of ill-configured power meters are set to deliver their measurements at the same time or when the meters starts reporting after e.g. a power outage. The MTC devices are here assumed to be synchronized within an interval of T seconds.
2.1.1 Time limited deterministic event distribution

The choice of distribution to describe the synchronized access attempts can be subject for discussion; however, the following considerations are necessary:
Assuming that all events take place between t=0 and t=T , the intensity is described by the distribution p(t) and the total number of devices in the cell is X, then the number of arrivals in the i:th TDMA frame is given by:
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Any distribution should preserve the total number of access attempts when time duration T is changed, and should be limited in time:
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2.1.1.1 Proposal: Beta distribution

The benefit of this model is that it:
· Models the fact that RACH collisions may still occur even when the average access attempt rate is well below the RACH capacity. 

· An MS which is subject to a high path loss will still have a chance, albeit small, to deliver its access burst to the network even when the load is high.
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Figure 1
- The Beta distribution with α=3, β=4 when T=1
It is proposed to use α=3 and β=4 for traffic model T2, which gives the PDF that is depicted in Figure 1 above for the case when T=1.
2.2 PDCH

It is assumed that traces from CCCH Signaling simulations as defined in Section 2.1 are used to model the traffic for the PDCH simulations.
3 Methodology
3.1 Simulator methodology
It is proposed to use a single cell for the evaluation of possible congestion of the CCCH and PDCH.
Either a single cell simulator (in earlier contribution referred to as a protocol level simulator) or system level type simulator can be used where the basic difference is in that the system level simulator models dynamic interference from neighboring cells while the single cell simulator uses network traces (see 3.1.1) to generate external interference.

Irrespective of simulator level used network traces, as described in 3.1.1, shall be presented for easier comparison of results from different companies.
3.1.1 Network trace

In order to get a simplified distribution of the interfering signal it is proposed that network level simulations are run to collect the signal distributions of the interferer. 
It is proposed that the interference distribution derived should be presented in tabulated format to allow for easier comparison and verification from other companies.
Note that the collection of signal interferers might be different depending on the traffic scenario investigated, i.e. CCCH or PDCH congestion. E.g. the CCCH distributions will be based on Iext, as defined in Section 3.2.5.1, while the distributions used for the PDCH evaluation is left vendor specific, see Section 3.2.5.2.
An example of a tabulated distribution of external interference for the RACH simulations is given in Figure 2.

	Iext

	Signal level [dBm]
	CDF value

	-110
	0

	-109
	0.02

	-108
	0.03

	-107
	0.05

	.
	.

	.
	.

	.
	.

	.
	.

	-29
	0.98

	-30
	1


Figure 2. Example of RACH interferer distribution.
3.1.2 Network load

The resource allocation from the background traffic in neighboring cells is assumed to be fully allocated (constant transmission), transmitted at full power (no power control) using 8PSK modulation (for assumptions on power back-off see Table 3).
3.1.3 Cell under investigation
For the cell under investigation all traffic is assumed to be MTC devices while the background noise is assumed to be best effort PS traffic modeled as described in 3.1.2. This should be seen as a worst case scenario in terms of network access attempts.
3.1.4 Service coverage
Full service coverage of stationary MTC devices should be assumed, i.e. no service outage is accepted. This is ensured by allowing only minimum signal levels of -104 dBm – 3 for each MTC device, where an additional gain of 3 dB is assumed for a dual antenna MRC type BTS architecture. This would guarantee GMSK coverage. The minimum signal level shall include fast fading, since TU0 is used (see 3.2.2). 
3.2 Simulation assumptions

3.2.1 Path loss

It is assumed that the gain (path loss + shadow fading + antenna gain) from a given MS to its serving BTS is the same in UL and DL.

3.2.2 Channel propagation

It is assumed that the external interferers experience a TU3-channel while the MTC devices are assumed to be stationary and subject to TU0-channel propagation.
3.2.3 External interference

It is assumed that the external interference levels are uncorrelated between the DL and UL, i.e. that uncorrelated samples are used from the respective distributions.

3.2.4 Application protocol

It is assumed that the MTC application is using UDP as a transport protocol with acknowledgments on the application layer from the MTC server to the MTC client will be transmitted, i.e. there will both be PUANs and data blocks (containing application Acks) transmitted in the DL for the PDCH evaluation. Details are left FFS.
3.2.4.1 IP version

The IP version to use for the evaluation is left FFS.
3.2.5 Link model

3.2.5.1 CCCH
A simplistic link-to-system interface is assumed. 
It is assumed that only a total co-channel interference level needs to be assumed for each burst. Adjacent channel suppression is assumed to be 18 dB. To capture the correct combined channel propagation behavior of the total interfering signal, impacts on fast fading is proposed to be included in the signal distribution of the interferer. 

3.2.5.1.1 RACH (CCCH/U)

For possible reception of an access burst, CRACH/(IRACH + ITOT) needs to be greater than 9 – 3 = 6 dB. RACH reference interference ratio is specified at 9 dB (Channel propagation TU3, 3GPP TS45.005) and an additional gain of 3 dB is assumed for a dual antenna MRC type BTS architecture. 

On top of this an error rate of 15% is added (RACH reference interference performance, TU3, 45.005).

This should be seen as a worst case scenario since no errors could be expected above a certain CRACH/(IRACH + ITOT) threshold. 

NOTE: The figures above are being investigated. It could be considered instead to leave this unspecified and document it when results are displayed.
3.2.5.1.2 AGCH (CCCH/D)

For possible reception of an access grant, CAGCH/ITOT needs to be greater than 9 dB. AGCH reference interference ratio is specified at 9 dB (Channel propagation TU3, 3GPP TS45.005).

On top of this an error rate of 22% is added (AGCH reference interference performance, TU3, 45.005).
NOTE: The figures above are being investigated. It could be considered instead to leave this unspecified and document it instead when results are displayed.

3.2.5.2 PDCH

Vendor specific L2S mapping methodology is proposed to be used that can be verified against a set of pre-defined interferer scenarios.
Common assumptions for the UL receiver include:

· Dual antenna base station

· The receive algorithm to use, i.e. IRC or MRC, is left FFS.
Common assumptions for the DL receiver include:

· Single antenna mobile station
3.2.6 Number of CCCHs

It is proposed to evaluate the CCCH performance with a single CCCH and assume that the number of supported devices will scale with the number of configured CCCH slots. 
4 Output for Analysis
All results should be presented as per indicated below. It should be noted that this list is not exhaustive and that outputs not currently listed (e.g. impact on non-MTC services) cannot be precluded that could affect the conclusions of this work.
4.1 Overall MTC Output

· MTC success rate = Number of successfully received reports (i.e. all application level payload associated with this report) sent from the device to the network divided by the total number of arrivals. 

· MTC delay = The time it takes for a MTC device to successfully transfer its application level payload, as from when it makes its first application initiated access [50/95/99 percentile].
· MTC coverage outage = Percentage of MTC devices that are initially placed out of coverage.
4.2 Signaling Output
· Access success rate = Number of successful access attempts divided by total number of arrivals, inclusive of both RACH and AGCH.
· Access attempts needed = Number of access attempts per successful access attempt, inclusive of both RACH and AGCH [histogram].
· Access time = Time from arrival until successful access, inclusive of both RACH and AGCH [50/95/99 percentile].
· CCCH Capacity Used = Percentage of CCCH capacity used. To be evaluated for both RACH and AGCH. 
4.3 PDCH Output

· TBF Blocking Rate = Blocking rate due to insufficient resources (e.g. USF and TFI identifiers), which makes it impossible for the network to assign uplink PDCHs to the MTC devices. The output should be differentiated between different causes. 

· MTC payload transfer delay = The time it takes for a MTC device to successfully transfer its application level payload, as from when it received its TBF assignment [50/95/99 percentile].

5 Conclusion
This document has proposed a framework and methodology for the work on MTC simulations with a particular focus on CCCH and PDCH congestion. It is the view of the sourcing companies that this framework and methodology will speed up the work and more easily enable comparison between different contributors to the work related to NIMTC in GERAN.
The proposed framework and methodology will make it possible to evaluate the service performance for the MTC devices as well as their impact on a GERAN network. It also will help determining how many MTC devices that may be supported in the network as well as aid in finding potential bottlenecks and issues as well as evaluating means suitable to solve these issues.
6 Annex
Table 3. Network level simulator parameters

	Parameter
	Value
	Unit
	Comment

	Sectors per site
	3
	
	

	Sector antenna pattern
	65º deg H-plane, 
max TX gain 15

	dBi
	18 dBi antennas in 900‑band are large and not considered to be common in urban areas.

	Path loss model
	Per 30.03,

Hb = 5 m,
	dB
	In urban areas, 5 m over average roof height is considered more typical than the default value of 15 m in 30.03.

	Minimum coupling loss
	64
	dB
	1800: TR 25.942  2 GHz. 

900: assumed 6 dB lower

	Building penetration loss
	TBD
	dB
	

	Indoor/outdoor devices
	TBD
	
	Operator input expected

	Interference model
	Neighbouring cells BCCH
	
	The neighbouring cells according to the BCCH frequency reuse pattern are modelled as if they have full traffic.

	Log-normal fading
	Standard deviation
	8
	dB
	

	
	Correlation distance
	110
	m
	NOTE: For the cell under investigation it is not essential to model stationary devices (TU0), thus a correlation distance of 0 m can be used. Fewer cell realizations needed if this value is zero.

	Channel propagation
	See table 6
	
	

	Output power

 - MS
 - BTS
	33
43
	dBm
	Excluding backoff

	Backoff

 - MS
	6
	dB
	

	 - BTS
	4
	dB
	8PSK modulation assumed.

	Noise figure

 - MS
	10
	dB
	

	 - BTS
	8
	dB
	

	Inter-site log-normal correlation coefficient
	0
	
	Low correlation in urban scenarios.


Table 4. Network scenario

	Parameter
	Value
	Unit
	Comment

	Frequency band
	900 
	MHz
	

	Cell radius
	500
	m
	

	Bandwidth
	2.4
	MHz
	

	Number of channels 
	12
	
	

	BCCH frequency reuse
	4/12
	
	

	BCCH or TCH under interest
	BCCH
	
	


Table 5. Protocol level parameters

	Parameter
	Value
	Comment

	CCCH assumptions

· Tx-integer

· S

· Max. retrans (M)
· T3142

· T3146
	20

109
4

5 sec.

(Tx+2S)/217=1.1 sec.
	These default values shall be included among those evalutated.

See 3GPP TS 44.018 for implementation details

	BCCH configuration
	Non-combined
	

	# AGCHs per 51-multiframe
	6
	

	PDCH Resource Assignment
	1 TS UL + 1 TS DL (BTTI)
	

	Link adaptation
	Enabled 
	

	Service type
	1. EGPRS

2. GPRS
	


Table 6. Link specific settings.
	Parameter
	Value
	Comment

	Channel profile [MTC]
	TU3

TU0
	For PS users to derive network level trace on UL
1. For MTC devices in protocol level simulations

2. For PS users to derive network level trace on DL

	Receiver type UL
	FFS
	The decision on using MRC or IRC is still FFS

	Incremental redundancy
	Enabled (only for EGPRS)
	See Table 5
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� NOTE: This assumption is roughly true as long as the data session duration is shorter than the reporting interval.
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