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24
Machine-type-communication (MTC) deployment, including EC-GSM-IoT, in a reduced BCCH spectrum allocation
24.1
Introduction

In GSM networks supporting both voice and data services a typical network deployment includes a frequency layer of broadcast carriers using a 4/12 re-use. This implies that the network deployment at least occupies a 2.4 MHz bandwidth. In addition, in case more capacity is needed, one or more additional frequency layers can be deployed which can have any re-use factor, down to, and including, a 1/1 re-use. In any re-use factor in a typical deployment however co-channel interference is always avoided, as well as adjacent channel interference caused by channels in the same cell.
In case the GSM network only supports data services, and these data services are targeting small data transmissions where devices are stationary or moving with a limited speed, the requirement on the deployment above change. Although supported by the GSM standard, packet switched handover is not expected to be used by these devices, and only autonomous cell reselection is expected to be used. For EC-GSM-IoT devices autonomous cell reselection is the only means defined to provide mobility between cells.
In addition to being less mobile and providing limited mobility functionality, there is also a large difference in the services used. In a circuit switched call, the quality of service requirements need to be fulfilled in order for the service to work, e.g. a speech frame erasure rate below a certain target. For packet switched services running RLC acknowledge operation, with no strict delay requirements, the control channel need to be operable at a low enough block error rate (BLER), and the data channel need to be operable at a BLER level where HARQ type I or type II can work (which typically can be quite high BLER levels).
These aspects provide a possibility to operate a GSM network in a tighter re-use frequency scenario of the broadcast carrier, where the SINR levels in the network will be reduced compared to traditional operation of the broadcast layer.

24.2
Simulation campaign

24.2.1
Introduction
To evaluate the impact of a tighter broadcast layer frequency re-use factor, three different re-use factors are investigated: 4/12, 3/9 and 1/3.

The system impact is evaluated by three main system aspects:
-
Idle mode procedures
-
In these simulations the impact on cell selection, cell reselection and residual frequency offset and residual time offset is evaluated by means of network simulations.

-
Common control channels

-
The analysis on the common control channels have been investigated separately to, in detail, study the impact on random access channel, and access grant. Also some analysis on paging load is provided.

-
Data traffic and control channel

-
The data traffic channel and the associated control channel are investigated where for example resource usage, data capacity and latency are evaluated.
In all evaluations, the working assumptions listed in the framework in Annex ZF.1 have been used, unless otherwise stated.

Both GPRS and EC-GSM-IoT have been investigated. There is a significant difference in how these different MS behave in a network with regards to a tight frequency re-use, justifying separate evaluations:

-
Coverage / interference performance: EC-GSM-IoT can operate in what is referred to as extended coverage (see 3GPP TS 43.064). The extended coverage is achieved by blind physical layer transmissions.that are collected by the receiver to achieve processing gain, and effectively operate at a lower SNR compared to not using the blind physical layer transmissions. The use of blind physical layer transmissions not only extend coverage but will also lower the operating point in an interference limited scenario in that an EC-GSM-IoT capable device can operate at a lower C/I. 
-
Idle mode procedures: EC-GSM-IoT devices will perform signal level measurements on a sub-set of the logical channels of the BCCH carrier whereas non EC-GSM-IoT devices will measure the signal level at any point in time. If the network uses BCCH power saving functionality, down-regulating the power of the broadcast carrier, mobiles measuring down regulated radio resources will not give a correct estimate of the signal strength. This problem does not exist for EC-GSM-IoT as well as for devicecs supporting PEO (see 3GPP TS 43.064) where MS are mandated to measure on pre-defined resources not down-regulated by the network. Furthermore for EC-GSM-IoT, the measurements only include the wanted signal level, excluding sources from interference and nosie, while for non-EC-GSM-IoT MS the measurements will be based on the total received signal level in a specific ARFCN.

-
Common control channel: On the random access channel, an open-loop power control, as well as an adaptation of the coverage class used on the common control channel are used by EC-GSM-IoT MS which differs from non-EC-GSM-IoT MS where such adaptation is not used, and the power control only includes a coarse one power step approach to avoid too high signal levels at the BTS receiver.

-
Deployment: EC-GSM-IoT devices are assumed to be placed in more challenging radio conditions, for example indoors behind different number of walls, or in a basement. Hence, the distance dependent path loss, and log-normal fading component is complemented with a model of building penetration loss in case EC-GSM-IoT is simulated. Even with the additional component of building penetration loss, the majority of devices are placed within GPRS/EGPRS coverage, but a small portion are also placed in extended coverage taking up proportionally more resources per user.
24.2.2
Idle mode procedures
24.2.2.1
General
24.2.2.1.1
Simulator support
To model idle mode procedures a GSM link simulator has been integrated in a network simulator where a full GSM network can be configured and interference generated accordingly. The simulator has been used to evaluate GSM and EC-GSM-IoT PLMN and cell selection including synchronization performance and supports e.g.:

-
Modelling of the BCCH frequency layer with frequency reuses 1/3, 3/9 and 4/12
-
A BSIC and TSC plan
-
A correct mapping of applicable logical channels upon the 51--multiframe

-
Modelling of interferers and thermal noise on IQ level
-
BTS TX and MS RX performance modelled on IQ/bit level
Annex ZF.2 elaborates on details of the simulator implementation.
24.2.2.1.2
Performance metrics
The synchronization simulator has been used to investigate the ability of GSM and EC-GSM-IoT devices to synchronize to a GSM/EC-GSM-IoT network, to perform PLMN selection, to select a suitable cell based on RLA_C and RLA_EC measurments  and to reconfirm the BSIC of the serving cell. To synchronize in this context refers to first successfully detect and synchronizing to the FCCH, and secondly to decode the (EC-)SCH to extract and confirm the BSIC of the camped on cell.

To characterize the synchronization performance of a GSM/EC-GSM-IoT network the following results were derived:

-
Percentage of all devices that manages to synchronize within 12 51-multframes.

-
Time to synchronization, i.e. time until decoding of the (EC-)SCH including confirmation of the BSIC.  

-
Residual time offset after detection of and synchronization to the FCCH.

-
Residual frequency offset after detection of and synchronization to the FCCH.

In addition the impact on synchronization performance from configuring a BSIC plan using as few as 8 unique BSIC code points was investigated. The likelihood of synchronization to a neighbouring cell during the search for the serving cell was recorded. Two cases where distinguished, a first where the neighbour cell uses a BSIC code point different from the code point used by the serving cell, and a second where the neighbour cell reuses the BSIC code point used by the serving cell. In the former case the device was configured to continue its synchronization procedure. In the second case, known as BSIC confusion, the device will synchronize to a neighbour cell, but not detect a change in BSIC. 
For PLMN selection a worst case analysis has been performed where the performance metric is the time needed to scan all ARFCNs in a set of supported frequency bands during the search for a HPLMN.

For cell selection the performance is presented in terms of the probability of selecting the strongest cell. 
24.2.2.1.3
Simulation assumptions
Simulation assumptions listed in the framework in Annex ZF.1 have been used, including the assumption that GSM simulations were performed without building penetration loss and with a cell radius of 2500 meter to span the full GSM Maximum coupling loss of 144 dB, as claimed by TR 45.820 [x].

The logical channels modelled, e.g. the FCCH and (EC-)SCH, were modulated, encoded and mapped in the 51-multiframe as specified in TS 45.002 [x], TS 45.003 [x] and TS 45.004 [x].
24.2.2.2
PLMN selection

When performing initial PLMN selection a device needs to scan all ARFCNs of its supported frequency bands. For a quad band device supporting GSM 850, 900, 1850 and 1900 frequency bands this implies that in total 124+174+374+299  =  971ARFCNs needs to be scanned. The total time to do so may in a worst case scenario equate to 971 multipled by the time needed to connect to the system from the supported maximum coupling loss (MCL).

In GP-160043, “On the maximum time allowed for synchronization” [z] it was shown that an EC-GSM-IoT device can synchronize to a cell within at most two seconds when being at the edge of the system, i.e. at 164 dBs MCL. With this in mind the total time to scan the four mentioned frequency bands will require roughly 32 minutes.
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Figure 24.2.2-x: Total time to synchronization when at 164 dB coupling loss [z].
The above reasoning is however based on an assumption that all bands and ARFCNs are scanned in sequence, and that the EC-SCH is used as qualifier for the presence of an EC-GSM-IoT system. In “Cell Selection with Full band FCCH scan for EC-GSM-IoT” [x] it was shown that the the time can be shorted to around 10 minutes by scanning the bands in an interleaved manner with the FCCH as primary identifier for the presence of EC-GSM-IoT. 
24.2.2.3
Cell selection

When performing cell selection an (E)GPRS device follows the procedures specified in 3GPP TSs 43.022 and 45.008. TS 43.022 mandate a device to select the strongest cell from a received signal strength perspective that qualifies as “suitable”. TS 45.008 specify how the signal strength is to be measured in terms of RLA_C, which is an average signal strength estimate calculated over at least five samples during three to five seconds.

For EC-GSM-IoT the cell selection procedure has been updated to improve the support of signal strength measurements in an interference limited environment. TS 45.008 therefore specify a two-step approach as follows:

1. Measure the signal strength of each RF channel in the selected PLMN using RLA_C. 

2. For each of the strongest RF channels measured RLA_EC for the strongest EC-BCCH carrier.
In the second step only the RF channels that are no more than CELL_SELECTION_RLA_MARGIN dB below the strongest RF channel needs to be considered.

The next two sub-clauses presents the cell selection performance that was recorded during a simulation campaign for evaluation of cell selection performance when following the mentioned procedures.
24.2.2.3.1
GPRS/EGPRS

As EC-GSM-IoT is fully backwards compatible and intended to coexist with (E)GPRS also (E)GPRS cell selection performance was evaluated in 1/3, 3/9 and 4/12 frequency reuse scenarios. The table below summarizes the performance and it is seen that the cell selection procedure selects the best ARFCN with a likelihood of 87-88 %, and is fairly insensitive to the frequency reuse. This can be understood as a consequence of the symmetric cell plan used in the network simulator, leading to a similar power ratio between the simulated ARFCNs regardless of the frequency plan.

After ARFCN selection an (E)GPRS device selects the cell to camp on based on the first BCCH carrier it manages to synchronize to a read to BSIC on. In high reuse systems with low interference ratio a device more or less always selects the optimal cell to camp on. In the 1/3 frequency reuse scenario with a high degree of interference the likelihood of selecting the optimal BCCH carrier is reduced down to 84 %.

The (E)GPRS devices always manages to synchronize to and select a cell, even though it is not an optimal from a signal strength perspective.
Table 24.2.2-x: The probability for an (E)EGPRS device of selecting the optimal ARFCN, the optimal BCCH carrier and of successful synchronization to a cell
	Resue
	1/3
	3/9
	4/12

	P(Best ARFCN selected) [%]
	87.4
	88.1
	86.9

	P(Best BCCH carrier selected) [%]
	83.8
	87.6
	86.8

	P(Any cell selected) [%]
	100
	100
	100


The below figure depicts the CDF over the power of the selected BCCH carrier relative to the best BCCH carrier. For 3/9 and 4/12 reuse the curves are more or less identical. For 1/3 reuse the ratio is increased, or worsened, as a consequence of suboptimal BCCH carrier selections occurring even though the best ARFCN had been selected.
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Figure 24.2.2-x: Selected BCCH carrier to best BCCH carrier power ratio.

Although the performance presented indicates a certain likelihood of selecting a suboptimal cell, the sourcing company believes that this in general is not a major issue. The cell selection performance depicted for 4/12 reuse should correspond to what typical GSM/EDGE networks and devices experiences today. The increase when going to 1/3 reuse in suboptimal selections is not dramatic, and is expected to be of minor concern but still deserves attention in case an operator strives to implement a 1/3 BCCH frequency reuse
24.2.2.3.2
EC-GSM-IoT

For EC-GSM-IoT the ARFCN selection performs similar to what was presented above for GSM. But what is important is that the BCCH carrier selection has improved as a consequence of the RLA_EC procedure. Higher propability numbers are observed in for all studied scenarios. An improvement in the selected BCCH carrier relative to the best BCCH carrier power is also observed for the 1/3 reuse when comparing GSM with EC-GSM-IoT performance in figures 24.2.2-x and –y.
It can again be noticed that in virtually all cases the device selects a cell, even though it is sub-optimal in ~11 % of the cases.
Table 24.2.2-x: The probability for an EC-GSM-Iot device of selecting the optimal ARFCN, the optimal BCCH carrier and of successful synchronization to a cell.

	Resue
	1/3
	3/9
	4/12

	P(Best ARFCN selected) [%]
	87.0
	84.8
	86.7

	P(Best BCCH carrier selected) [%]
	89.1
	88.9
	89.3

	P(Successful synchronization) [%]
	99.9
	100
	100
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Figure 24.2.2-y: Selected BCCH carrier to best BCCH carrier power ratio.

24.2.2.4
Cell reconfirmation

24.2.2.4.1
GPRS/EGPRS
Annex ZF.X presents an analysis of GSM/EDGE performance in a reduced BCCH frequency allocation. A summary of the results is presented in table 24.2.2-x, figure 24.2.2-x, figure 24.2.2-x and figure 24.2.2-x.

The overall synchronization success rate and time to synchronization are presented in below table for the investigated frequency reuse scenarios.

Table 24.2.2-X: Successful synchronization ratio.
	Resue
	4/12
	3/9
	1/3

	Success rate
	99.9 %
	99.9 %
	98.7 %

	Synch time, 50th percentile
	0.031 s
	0.031 s
	0.033 s

	Synch time, 99th percentile
	0.093 s
	0.123 s
	0.321 s


The next three figures depicts CDFs over the time until synchronization, the synchronization time and frequency error after FCCH detection. 
[image: image4.png]COF ]

100

—— 1 se
—— 3@ e
——anzreme

e

E

n

E

el

a

El

El

005 01 005 02 02 03 03 04 045 05
‘Synehronizaton time [secands]




Figure 24.2.2-x: Total time to synchronization for 1/3, 3/9 and 4/12 frequency resue
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Figure 24.2.2-x: Synchronization time error after FCCH detection
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Figure 24.2.2-x: Synchronization frequency error after FCCH detection
During the search for the serving cell FCCH and SCH a device may detect the FCCH from a neighboring cell and successfully decode its SCH and read the BSIC. The below figure depicts the likelihood of decoding neighboring cells SCH and BSIC. Each device was configured to continue its search for the serving cell SCH upon detecting that the decoded BSIC did not match the serving cell BSIC. As a result a device may decode neighboring SCHs multiple times before receiving the serving cell SCH and confirming its BSIC. This is illustrated in the below figure for the three studied frequency reuses.
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Figure 24.2.2-x: Likelihood of decoding the BSIC of a neighboring cell.

In case a decoded neighboring SCH is configured with the same BSIC as the serving cell a device will not detect that it has synchronized to new cell. This unwanted event is known as BSIC confusion. A BSIC plan based on eight unique BSICs was configured for each reuse. The BSIC plan for the 1/3 frequency reuse is illustrated in GP-160272, “Simulator for investigation of GPRS and EC-GSM-IoT synchronization performance” [x]. The below table presents the likelihood of BSIC confusion for each reuse. It can be concluded that even for this tight BSIC plan, BSIC confusion is not an issue in case of stationary devices attempting to reconfirm the serving cell.

Table 24.2.2-x: Likelihood of BSIC confusion.

	Resue
	4/12
	3/9
	1/3

	Likelihood of BSIC confusion
	0%
	0%
	< 0.1%


24.2.2.4.2
EC-GSM-IoT
Annex ZF.X presents an analysis of EC-GSM-IoT performance in a reduced BCCH frequency allocation. A summary of the results is presented in table 24.2.2-x, 24.2.2-x, 24.2.2-x, 24.2.2-x and 24.2.2-x.

The overall synchronization success rate and time to synchronization are presented in below table for the investigated frequency reuse scenarios.

Table 24.2.2-X: Successful synchronization ratio.
	Resue
	4/12
	3/9
	1/3

	Success rate
	100%
	99.9%
	99.2%

	Synch time, 50th percentile
	0.198 s
	0.199 s
	0.208 s

	Synch time, 99th percentile
	0.664 s
	0.709 s
	1.411 s


Figure 24.2.2-x, figure 24.2.2-x and figure 24.2.2-x depicts CDFs over the time until synchronization, the synchronization time and frequency error after FCCH detection. 
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Figure 24.2.2-x: Total time to synchronization for 1/3, 3/9 and 4/12 frequency resue
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Figure 24.2.2-x: Synchronization time error after FCCH detection
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Figure 24.2.2-x: Synchronization frequency error after FCCH detection
The overall impact on EC-GSM-IoT synchronization performance from going to 4/12 via 3/9 to 1/3 frequency reuse is limited both in case of time to synchronization and the residual time and frequency errors. 

The impact on performance from a BSIC and TSC plan using only 8 unique BSIC code points has also been investigated. For 4/12 and 3/9 frequency reuse no recordings of decoding of neighboring cells EC-SCH were made. For 1/3 frequency reuse around 7% of the users will decode the BSIC of at least one neighboring cell, as presented in figure 24.2.2-x.  No occurrences of so called BSIC confusions were however recorded. Also these results indicate the feasibility for support of a reduced BCCH frequency allocation. 
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Figure 24.2.2-x: Llikelihood of detecting a neighbouring cell with different BSIC than the serving cell
24.2.3
Common control channel performance

24.2.3.1
General

The simulator used is described in Annex ZF.3.

Simulation assumptions and a more extensive presentation of the results can be found in Annex ZF.6.
The results are presented showing:

-
Resource Usage

-
This represents the average amount of bursts used per user, including all transmissions per system access attempt.

-
Also, the % used of the overall resources available on a single TS used for (EC-)CCCH is shown.

-
Common control signaling delay

-
The delay includes time from initial (EC-)RACH transmission to a received matching Immediate Assignment.

-
Failed attempts

-
This represents the percentage of the attempts that were not successful, after the maximum attempts.

-
Coverage class distribution (only applicable to EC-GSM-IoT)
-
This shows the % of devices ending up in different coverage classes for 33 dBm and 23 dBm devices respectively, with the coverage class thresholds used in the simulations for the respective frequency re-use factor.
24.2.3.2
GPRS/EGPRS
24.2.3.2.1
Resource usage
There is a clear visible increase in the number of bursts required on average for a successful system access attempt when going from a 12 or 9 re-use to a 3 re-use. Still the increase is limited to around 15% on the DL and 20% on the UL. 
Table 24.2.3-x: Resource usage for GPRS/EGPRS on the downlink and uplink
	BCCH 
Re-use
	Resource usage 
DL [#bursts]
	Resource usage 
UL [#bursts]

	12
	4.0
	1.0

	9
	4.0
	1.0

	3
	4.6
	1.2


In table 24.2.3-x the resource usage is instead presented as the resources used out of all resources available for CCCH. It is here assumed that AGCH and PCH can take up 9 blocks on the CCCH (as per maximum configuration, without BCCH Ext, and blocks reserved for access grant).
Table 24.2.3-x: Resource usage for GPRS/EGPRS on the downlink and uplink
	BCCH 
Re-use
	Resource usage 
DL [#bursts]
	Resource usage 
UL [#bursts]

	12
	14.1%
	2.5%

	9
	14.1%
	2.5%

	3
	16.2%
	3.0%


24.2.3.2.2
Common control signaling delay
The common control signaling delay is shown in figure 24.2.3-x. As can be seen, the 95% of the users experience lower delay than 40 ms in all cases.
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Figure 24.2.3-x: Common control signaling delay, GPRS/EGPRS
24.2.3.2.3
Failed attempts

The failed attempts in all scenarios were shown to be below 0.1%.
24.2.3.3
EC-GSM-IoT

24.2.3.3.1
Resource usage
As can be seen, the difference between 12 and 9 re-use is quite small, or not visible, while the change from a 9 re-use factor to a 3 re-use factor has a rather large relative impact on the results on the DL, and for 23 dBm devices on the UL. The reason that the resource usage is increased on the DL is due to the BCCH layer transmitting constantly on all resources. Using power savings on the BCCH layer up to 6 dB helps, but the overall interference situation still reflects a rather highly loaded system. On the UL, the requirement on constant transmission does not exist, but for 23 dBm devices, more would have to use repetitions to reach the network, which increases resources usage. Still, it should be noted that the out of coverage level is not different for 33 dBm devices and 23 dBm devices, implying that 23 dBm devices can cope with the network deployment, even if resource usage is significantly increased compared to the 33 dBm device deployment.

Table 24.2-2: Resource usage for EC-GSM-IoT on the downlink and uplink, 33 / 23 dBm
	BCCH 
Re-use
	Resource usage 
DL [#bursts]
	Resource usage 
UL [#bursts]

	12
	2.3 / 2.3
	1.1 / 1.7

	9
	2.3 / 2.3
	1.1 / 1.8

	3
	3.3 / 3.3
	1.3 / 2.6


Table 24.2-3: Percent of resources available for EC-GSM-IoT on the downlink and uplink, 33 / 23 dBm

	BCCH 
Re-use
	% of resources
DL [#bursts]
	% of resources 

UL [#bursts]1

	12
	10.2 / 10.2
	3.5 / 5.3

	9
	10.2 / 10.2
	3.5 / 5.6

	3
	14.7 / 14.7
	4.1 / 8.2

	NOTE1: 
Considering that the EC-RACH is based on slotted ALOHA, the resource usage per user cannot directly be translated to overall resource usage. Hence, the estimate should be considered an upper limit (in case no collissions occur)


24.2.3.3.2
Common control signaling delay
In figure 24.2.3-x the delay seen on the common control channel is presented for both simulated cases of 100% 33 dBm MS penetration and 100% 23 dBm MS penetration. As can be seen, 95% of the users experience lower delay than 100 ms in all cases, except for 3-re-use where the 95 percentile is around 500 ms.
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Figure 24.2.3-x: Common control signaling delay, 33 dBm
24.2.3.3.3
Failed attempts
The failed attempts in all scenarios were shown to be below 0.1%.

24.2.3.3.4
Coverage class distribution
The coverage class distribution for the regular planner is shown in table 24.2.3-x and table 24.2.3-x.
Table 24.2.3-x: Coverage class distribution on UL for 33 dBm / 23 dBm [%]
	BCCH 
re-use
	CC1
	CC2
	CC3
	CC4

	12
	99.5 / 94.6
	0.4 / 4.0
	0.1 / 0.8
	<0.1 / 0.7

	9
	99.4 / 94.0
	0.5 / 4.4
	0.1 / 0.9
	<0.1 / 0.8

	3
	99.1 / 93.0
	0.7 / 4.9 
	0.1 / 1.1
	<0.1 / 1.0


Table 24.2.3-x: Coverage class distribution on DL for 33 dBm / 23 dBm [%]
	BCCH 
re-use
	CC1
	CC2
	CC3
	CC4

	12
	98.7 / 98.8
	1.2 / 1.1
	0.1 / 0.1
	<0.1 / <0.1

	9
	98.4 / 98.5
	1.4 / 1.3
	0.2 / 0.1
	<0.1 / <0.1

	3
	95.6 / 95.8
	3.1 / 3.1
	1.3 / 1.2
	<0.1 / <0.1
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Title: Intended scope for reduced spectrum allocation on BCCH evaluation

ZF.1.2
Working assumptions for network simulations

Table ZF.1-1: Working assumptions for network simulations
	Nr
	Working assumption

	WA1
	The traffic to be carried by the tight reuse network is MTC traffic.

	WA2.1
	The network will serve a mix of EC-EGPRS and legacy GPRS MTC devices.

	WA2.2
	The legacy GPRS MTC devices are assumed to support a max output power of 33 dBm.

	WA3
	The traffic models for MAR periodic and Network Command (see [1]) will be used for EC-EGPRS.

	WA3b
	The aggregate traffic model proposed in [2] will be used for legacy GPRS MTC.

	WA4
	Legacy PS devices are modeled by GPRS, optionally using EGPRS MCS-1-4. If EGPRS is used, no IR functionality shall be assumed activated.

	WA5.1
	EC-EGPRS devices supporting only GMSK modulation shall be evaluated. These are modeled by EGPRS MCS-1-4 using type 2 HARQ and blind physical layer transmissions.

	WA5.2
	EC-EGPRS devices supporting GMSK and 8PSK modulation may be evaluated. These are modeled by EGPRS MCS-1-9 using type 2 HARQ and blind physical layer transmissions.

	WA6
	The impact of a tighter frequency reuse on network synchronization performance shall be investigated for both EC-EGPRS MS and legacy GPRS MS.

	WA6.1
	Network synchronization performance shall be investigated 

for a relevant range of coupling losses,

with realistic interference models where SINR levels are reflecting the assumed and relevant network parameters, such as frequency reuse, and,

where the logical channels are correctly mapped on both wanted and interfering signals

	WA6.1.1
	For EC-EGPRS, network synchronization performance at coupling losses 164 dB, 154 dB and 144 dB shall be investigated.

	WA6.1.2
	For legacy GPRS, network synchronization performance at coupling loss 144 dB shall be investigated.

	WA6.1.3
	Interference models shall capture expected interference types, including a sufficient number of co- and adj-channel interferers as well as thermal noise, and signal levels expected in a GSM system for the investigated frequency reuse. It shall be verified that the number of modelled interferers is sufficient.

	WA6.1.4
	The timing of each BCCH carrier is assumed to be random and uniformly distributed.

	WA6.2
	Except for what is stated in WA6.1, the definitions, assumptions and metrics specified in subclause 5.3.4 of [1] shall be followed when investigating network synchronization performance.

	WA7
	The impact of a tighter frequency reuse on random access performance shall be investigated for both EC-EGPRS MS and legacy GPRS MS. 

	WA7.1
	When evaluating random access performance, latency shall be referred to as the Common Control Signaling Delay defined as the time from when the device application triggers a first access request until a response with a valid random reference has been received on (EC-)AGCH.

	WA7.2
	The methodology in subclause 5.3.5 of [1] shall be followed for RACH evaluation except for:

No BPL applied to legacy GPRS (see WA10)

BPL model 1 with inter-site correlation coefficient 0.5 applied to EC-EGPRS (see WA11)

	WA8
	The impact of a tighter frequency reuse on user data traffic performance shall be investigated for both EC-EGPRS MS and legacy GPRS MS. 

	WA8.1
	The methodology in subclause 5.2.1 and 5.2.2 of [1] shall be followed for data traffic capacity evaluation except for:

Only the traffic models MAR Periodic and Network Command shall be used (see WA3 and WA3b)

No BPL applied to legacy GPRS (see WA10)

BPL model 1 with inter-site correlation coefficient 0.5 applied to EC-EGPRS (see WA11)

	WA8.2
	The methodology in subclause 5.3.2 and 5.3.3 of [1] shall be followed when investigating user data traffic latency.

	WA9
	The impact of a tighter frequency reuse on cell reselection performance shall be investigated for both EC-EGPRS MS and legacy GPRS MS.

	WA9.1
	Cell reselection performance can either be investigated as part of the evaluations of user data traffic performance (see WA8) or as a separate evaluation.

	WA9.2
	Cell reselection shall be based on realistic models of neighbor cell measurements in idle mode and (legacy GPRS only) packet transfer mode. The models shall be described together with presented simulation results.

	WA9b
	The impact of interferers using blind physical layer transmissions should be investigated when modeling synchronized networks. 

	WA10
	No BPL is applied to GPRS.

	WA11
	BPL model 1 with inter-site correlation coefficient 0.5 of [1] is applied to EC-EGPRS.

	WA11b
	In network synchronization performance simulations with 100 % fraction of legacy GPRS MS, an ISD of 7500 m shall be investigated in addition to the ISD of ~1732 m.

	WA11c
	A MS antenna gain of 0 dBi shall be used for legacy GPRS MS.

	WA12
	The target device density per cell (=sector) is the same as in [1] (i.e., 52547 devices per cell). This refers to the sum of legacy GPRS devices and EC-EGPRS devices.

	WA13
	Different fractions of EC-EGPRS MS and GPRS MS will be investigated. 100 % fraction of legacy GPRS devices will be investigated. 0 % fraction of legacy GPRS devices will be investigated.

	WA13b
	In system capacity evaluations, a total protocol overhead of all protocols below application layer and above SNDCP layer of 65 bytes is assumed.

	WA14
	Unless otherwise specified in other working assumptions, the simulation assumptions in Annex C and Annex D of [1] shall be used for EC-EGPRS.

	WA15
	Unless otherwise specified in other working assumptions, the simulation assumptions in Annex C and Annex D of [1] shall be used for legacy GPRS.


[1] 

3GPP TR 45.820

[2]

GP-160060, ”Traffic model for legacy GPRS MTC”, source Orange. GERAN#69
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ZF.2.2
General

The EC-GSM-IoT link simulator has been integrated in a network simulator where a full (EC-)GSM(-IoT) system can be configured and interference generated accordingly. 

In the following sub-sections a few of the most important aspects of the working assumptions listed in ZF.1 applicable to the investigation is outlined in the context of the simulator.

ZF.2.3
Realistic interference model
In the simulator, a network is laid out according to the chosen configurations and a number of users are spread out over the system. For each user, the best serving cell, as well as all interfering cells, are found. Co-channel, and adjacent-channel (on both sides of the carrier) interferer types and levels are identified. For each synchronization attempt, a wanted signal and a set of interfering signals are generated which are all independently faded and scaled with the applicable BS-to-MS gain (excluding fast fading). Thermal noise from the receiver is also added to the signal to model the radio environment as experienced by each user in the system. The signals are represented by an oversampled IQ trace, generated from a number of 51-multiframes (MF) with a frame structure according to the BCCH carrier.

At most 2n-2 adjacent interferers are generated in the simulator, where n equals the number of clusters configured. The number of co-channel interferers is at most n-1. To get sufficient statistics it is useful to simulate a system containing e.g. at least nine clusters. In such a system up to eight co-channel, eight adj.-plus and eight adj.-minus interferers may exist. Modelling all these interferers are however time consuming, and make the simulation work impractical. It is hence desirable to minimize the number of modelled interferers, while not sacrificing result accuracy.

Figure ZF.2.3-1 shows the overall DL SINR CDF for a 1/3 frequency reuse system built on nine clusters. Each curve depicts the total SINR taking the x strongest co-channel, x strongest adj.-plus, x strongest adj.-minus and thermal noise into account. It can be seen that modelling only the four strongest co-channel, four strongest adj.-plus, four strongest adj.-minus channel have a small impact on the overall SINR characteristics. The median value is e.g. impacted less than 0.5 dB compared with modelling the eight strongest co-channels, eight strongest adj.-plus, and eight strongest adj.-minus channels. At the important tail of the CDF approaching the lower SINR range the difference between the curves diminish further.
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Figure ZF.2.3-1: DL SINR CDF for 1 to eight interferers modelled in a 1/3 reuse system.

To evaluate the impact from the number of modelled interferers on actual network synchronization performance more in detail, a full simulation was run. Again a 1/3 frequency reuse system was studied, where the number of modelled interferers was varied. 

To compensate for the loss in interference energy, seen in figure ZF.2.3-1, when a reduced set of interferers are modelled an energy scaling of the modelled interferers was introduced so that the total energy remains unaffected by the number of modelled interferers. 

Figure ZF.2.3-2 depicts the time to synchronization for between one and six modelled interferers of each interferer type. It can be seen that the results are fairly insensitive to the modelled number of interferers. It seems to be the interfering energy that is of highest relevance for the time until synchronization. This may be explained by the simple energy detector used to detect presence of a FCCH burst. More details on the detector are given in sub-clause 3.5.

It can be noted that 5000 synchronization attempts was run when generating figure ZF.2.3-2, which explains the somewhat unstable performance depicted.
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Figure ZF.2.3-2: Time to synchronization in a 1/3 frequency reuse network, for variable number of modelled interferers
ZF.2.4
Mapping and timing of logical channels 

To mimic real network performance the 51-MF structure is mapped on both wanted signal and on each modelled interferer. Support for both GSM 51-MF containing the FCCH and SCH and mapped on Time slot 0 (TS) and the EC-EGPRS 51-MF containing the EC-SCH mapped on TS 1 is implemented.

The starting frame number for each modelled carrier and interferer is selected randomly and is uniformly distributed. 

ZF.2.5
Detector

The EC-GSM-IoT FCCH detector and EC-SCH decoder have been inherited from the studies performed during the FS_IoT_LC SI on EC-GSM and captured in the 3GPP TR 45.820 in sub-clause 6.2.6.1. EC-SCH performance is based on the so called alternative EC-SCH design where the requirement on phase continuity has been removed.

The GPRS FCCH detector is just as the EC-GSM-IoT version built around a FFT module computing the energy in frequency bins of gradually finer granularity. To keep the computational complexity low the FFT is implemented as a sliding DFT working on a four times down sampled signal. To make the detector insensitive to path gain, and to follow fading variations the energy in frequency f and burst b is calculated relative the energy in frequency f and burst n-1. If this relative energy exceeds a configured threshold it is assumed a FCCH is found. A know offset to the closest SCH is added, and the SCH is extracted and decoded. If the CRC fails, the search continues for the next FCCH instance.

The performance of the SCH decoder for a TU1.2 channel is presented below.
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Figure ZF.2.3-3: SCH TU1.2 performance in sensitivity limited scenario
Typical output from the simulator are time to first (EC-)SCH decoding, and residual frequency and time error.

The false detection rate performance of the detector was also investigated. In simulation with random input a false detection rate of 9x10-5 was recorded for 25.000 iterations, where each iteration lasted two 51-multiframes.
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ZF.3.2
General
Instead of using mapping tables to model link performance as traditionally used in system level simulations, a methodology is used where the link simulator is integrated in the system, so that a link simulator object is used for each radio link.

Effectively this can be seen as running thousands of parallel link level simulators, each with unique interferer profiles per transmitted block.

ZF.3.3
Minimizing execution time

ZF.3.3.1
General

Significant increase in computational complexity is expected when comparing the use of a link level based methodology compared to a mapping based methodology. Instead of basically handling a few scalars, and doing one or more table look-up(s) per user, signals are modeled down to IQ-sample level with channel propagation and demodulation of each block.

Hence, some simplifications are used to speed up the simulation time. Some general description is also provided below on interference modeling

ZF.3.3.2
Interferers

ZF.3.3.2.1
Interferer types

Only CCI (Co-Channel Interference) and first adj-channel interferer is modeled by the link simulator. Thus, any higher order adj-channel interferers are discarded. 

The interferer bursts are all modeled with random bits in the TSC symbol positions to model a non-synchronized network. Also, this is typically what is used in legacy L2S mapping procedures for GSM when generating the mapping tables.

ZF.3.3.2.2
Minimum number of interferers

In a system simulation there are typically a significant number of interferers experienced by each radio link. Due to the frequency re-use of the system, interferers at longer distance to the receiver will generally have lower gains. How different number and types of (e.g. co-channel and/or adj-channel) interferers impact the receiver performance is very dependent on the receiver architecture.

In conventional L2S mappings all interferers are typically converted to a corresponding co-channel interferer power and the L2S mapping only takes into account a total interferer power. For more advanced receiver architectures, utilizing e.g. some kind of interference suppression, this approximation is too coarse and the L2S mapping model need to be extended with e.g. the number of interferers, type of interferers and relative power of the interferers.

By integrating the link level simulator in the system level simulator the problem of correctly capturing these effects is no longer a concern. However, modeling all interferers in a system will require unnecessary processing power without adding value to the evaluation of the receiver performance.

The minimum number of interfering bursts that needs to be generated for each carrier burst is set to a fixed number per interfering class. 

‘Class’ is here referring to any difference in Tx-characteristics between interferers and/or interferer types. Thus, an EC-RACH CCI using a single transmission would be classified as a different class compared to a EC-RACH CCI using two transmissions. 

The minimum number used in the evaluations is set to three interferers per class.

So, for example, one possible combination could be:

3 {CCI, 1 Tx} + 3 {CCI, 2 Tx} + 1 {CCI, 4 Tx} + 3 {ACI+, 1 Tx} + 3 {ACI-, 1 Tx} + 1 {ACI-, 2 Tx} = 14 interferers modeled.
ZF.3.3.2.3
Requirement on modeled energy level

An additional requirement on the total interfering enery level in each class is also added. This is to ensure that at least a certain amount of the energy in each class is modeled. This would primarily ensure performance accuracy in cases where the number of interferers is higher than the minimum number modeled and the interferers are at similar signal levels. The requirement of minimum modeled energy will also result in interferers with low energy to be discarded but the total interfering level remain unchanged. 

ZF.3.3.2.4
Conservation of energy

Both when limiting the interferers based on a fixed number and/or a requirement on modeled energy level it is always the momentary, faded energy level that is used.

Further, in order to conserve interferer energy the remaining interferers are scaled based on the residual interferer power discarded per each class. Hence, no interference energy is lost, only the number of signals used to model the interference.

ZF.3.3.3
Oversampling

An oversampling rate of four has been used for evaluation of the link performance.

ZF.3.3.4
Pre-generation of bursts

To avoid the rather computational-heavy propagation of the radio channel of each user to each base station (this is needed for each carrier, but also for every interfering burst), pre-generation of bursts are used with the assumed channel propagation profile (TU 1.2 km/h).

Since the EC-RACH is a single block transmission (i.e. a user will only transmit one block and then turn to the CCCH DL to look for an assignment), with a time interval in-between attempts that exceed the time coherency of TU1.2, the generation of bursts will follow TU1.2 within a repetition interval, but a new channel realization is used between each repetition interval. 

ZF.3.3.5
Verification

ZF.3.3.5.1
General

Link level assumptions for the verification simulations are listed in table ZF.3.3-1.

Table ZF.3.3-1: Link level simulation assumptions

	Parameter
	Value

	Propagation condition
	TU1.2nFH

	MCS
	EC-RACH, 11-bit access

EC-RACH, Normal burst 48-bit access.

	Impairments
	Typical Tx/Rx

	# transmissions
	1

	Frames
	100,000

	Number of pre-generated bursts
	100,200,500,1000

	Min. interfering energy modeled
	20%, 40%, 60%, 80%, 100%

	Min. number of interferers modeled
	1, 2, 3

	Seeds
	20 different


Interferer scenarios used in the link level evaluation are described in table ZF.3.3-2.

Table ZF.3.3-2: Interferer scenarios

	Interferer 
scenario
	Interfering
signal
	Rel. power 
level
	TSC

	CCI-X
	CCI 1

CCI 2

…

CCI X
	0 dB

0 dB

…

0 dB
	none

none

…

none

	ACI-X
	ACI 1

ACI 2

…

ACI X
	0 dB

0 dB

…

0 dB
	none

none

…

none


The interferer model used is mostly used to construct a pessimistic scenario for verification. It should be noted that due to the methodology used, any interference scenario will be correctly modeled, and hence this is only to force a worst case scenario in terms of evaluating the impact on the limitation of number of interferers used, and in this regard, the scenario with equal power of all interferers, and having all interferers of the same type, is the scenario most impacted by the limitation.

All simulations are run with 20 different seeds when generating the bursts for the integrated link simulator. From the outcome of the simulations, a root mean square error is calculated to get an understanding of the modeling error caused by the simplification seen.

ZF.3.3.5.2
Sensitivity limited performance

The sensitivity performance for different number of pre-generated bursts has been used to understand the impact on the root mean square error (RMSE) introduced by the simplifications used.

As can be seen from figure ZF.3.3-1, using 1000 pre-generated bursts causes a RMSE of around 0.2 dB over the 20 seeds generated. This is seen as more than enough to model accurate EC-RACH performance, and hence is assumed to be used in all system level simulations.

[image: image17.png]RMSE [dB]

0.5

0.45

o
IS

o
@
&

o
w

o
N
o

o
N

o
o

0.1

0
100

i
200

i
300

i i i
400 500 600 700
Pre-generated frames [nr]

i
800

i
900

1000




Figure ZF.3.3-1: Sensitivity performance
ZF.3.3.5.3
Interference limited performance

For the interference scenarios, more diversity is collected within one simulation due to the interference diversity and hence the conclusion from the sensitivity simulations of 1000 pre-generated frames is used in all simulations.

In figure ZF.3.3-2, CO-3 scenarios have been simulated for EC-RACH. This is considered to be a worst case scenario in terms of the number of interferers needed to model correct link level performance. The structure of the interfering signal is most impacted if the interfering levels are similar for the different interferers.

The number of external co-channel interferers has been set to 3 and different requirements on minimum level of total modeled signal energy have been scanned. 

The reference performance is the true performance from the link level simulator.

In the figures the performance difference (y-axis) is compared at 10% EC-RACH BLER to the performance with no limitation on interferers.
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Figure ZF.3.3-2: Different CO-interferers with one (top), and three (bottom) minimum number of interferers assumed

As can be seen, the RMSE of the performance difference is very small.

Based on these results it is concluded that for system level simulations, the minimum number of interferers can safely be set to 3, and the minimum modeled energy to 90 % in order to correctly model link performance. In the worst case scenario considered here, this ensures a RMSE modeling error of around 0.1 dB for CCI, and 0.2 dB for ACI.
ZF.4
Simulator for Data traffic and control channel performance
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ZF.4.2
Model
ZF.4.2.1
General

The link level performance is modeled by several mapping tables using a two-stage mapping.
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Figure ZF.4.2-1: Traditional mapping methodology for GSM

The first stage maps instantaneous SINR per burst to raw BER. This will consider impairments of different kinds, demodulator performance etc. Four instantaneous SINR values are collected for PS services in GERAN, representing the four bursts of a radio block.

The second stage typically maps the mean and standard deviation of the raw BER values of the different bursts (four bursts in case of a radio block) to a Block Error Rate Probability (BLEP). This is to reflect the impact of the channel coding of the MCS. Typically one mapping is required per MCS.

ZF.4.2.2
Mapping tables

ZF.4.2.2.1
First stage mapping (SINR ( BER)

The mapping tables used for the first stage mapping are based on single antenna performance. Impairment models, e.g. frequency offset, are used in the generation of the results. Since only one modulation type and one demodulator is considered there is no multitude of mapping tables for this reason. 

No separate mapping is used for repeated bursts (see how SINR is derived in this case in Section 3.3).

The mapping is done by linear interpolation of a tabulated SINR to BER values from link level simulations.

Two different mappings are used; one to represent interference limited scenarios, and one for sensitivity limited scenarios.

The different mapping tables are applied on a burst-by-burst basis. I.e. for a specific radio block, which consists of four bursts, some of the bursts could be taken from the interference mapping, and some from the sensitivity mapping.

An 18 dB suppression of adjacent channel interference is assumed to arrive at a corresponding co-channel interference level, in order to define SINR consistently. The same suppression is used in the system level simulations.

No specific interference suppression is used by the receiver, and hence no advanced mapping methodology with for example dominant-to-rest-of-interferer ratio is needed, as used for example in the SAIC study is needed. 
ZF.4.2.2.2
Second stage mapping (BER ( BLEP)

The second stage mapping is generated per used MCS. That is, one mapping is generated for MCS-1, MCS-2, MCS-3 and MCS-4 respectively.

This mapping is only dependent on the input bit error rates (BER), and hence the BER from both the sensitivity and interference limited first stage mapping is using the same second stage mapping.

To capture the impact on the error correction capabilities by the different code rates of the MCSs both the average BER and the standard deviation of the BER over the four bursts are collected. A high standard deviation indicates more diversity, and is typically favorable for MCSs with low enough code rate, while the opposite is true for MCSs with code rate close to 1.

ZF.4.2.2.3
Mapping choice

With these mappings figure ZF.4.2-1 can be expanded to what is shown in figure ZF.4.2-2. 

In the first stage mapping the mapping table is chosen based on sensitivity or interference per burst and instantaneous SINR value. In the second stage mapping, the mapping table is chosen based on the MCS used by the radio link.
[image: image20.png]L2s

_,)f/ L2S)terterence

N L2Ssonstsy
SINR, L2s BER?
SINR, L2s BER,
SINR, L2s BER,
SINR, L2s BER,

L2s

L2s

[ |mean(BER)
std(BER)

L25MCS—1

LZSMCS—Z

L25MCS—3

7

L2Sycs4





Figure ZF.4.2-2: L2S methodology and mapping selection
ZF.4.2.3
SINR handling

ZF.4.2.3.1
Blind repetition

In EC-GSM-IoT blind repetitions are performed when in extended coverage.  At the receiver side, the blind repetitions can be accumulated on IQ level or on soft bit level. How the receiver handles the multiple repetitions being received is implementation dependent.  To model this in a straightforward way the following approach is taken.

First, assume that the wanted signals are added coherently. This is the case for the EC-GSM simulations that have so far been provided within the study. The propagation channel is stationary/close to stationary during the IQ accumulation, so that coherent accumulation can be performed. This implies that the amplitudes of the signals are added, but the interfering signal/noise are added in terms of their powers, here the interference/noise is represented by n.  Assume further that a weight can be put to the received signals when combined and that noise is limiting the performance. This is shown in eq. 1.
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The combined SINR is maximized when the derivative of eq 1 is 0.
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This gives the result in eq. 3.
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    (3)

Insertion into eq 1 yields eq 4.

[image: image28.png]s

s,
SINR g = 2=



    (4)

Hence, the maximization of SINR occurs when the linear SINRs are summarized.

It can be noted that for EC-GSM-IoT and coherent IQ accumulation, s1 and s2 would be identical, and hence it is the ratio of interfering levels that is of importance for the signal combinations.

Equation 4 is used to model the accumulation of IQ samples and/or soft bits when using blind repetitions in the system level simulator.

The model in Figure 1 has been modified to describe this aspect in Figure 3.
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Figure ZF.4.2-3: SINR handling for MRC and blind repetition
ZF.4.2.3.2
MRC (uplink only)

Since the first stage mapping tables are based on single antenna performance, a conversion from single antenna SINR to experienced SINR by the uplink MRC receiver is needed.

This is modeled by eq. 5.
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  (5)

ZF.4.3
Verification
The verification of the performance is only shown for UL sensitivity and multi-interference performance (DTS-2, see 3GPP TS 45.005). Other verification conditions can be found in the Tdoc reference, see subclause ZF.4.1.
ZF.4.3.1
Sensitivity

In figure ZF.4.2-4 the link level simulation (LLS) results are compared to the Link-to-system mapping approach. As can be seen, the agreement is good with a difference of less than 0.4 dB. 
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Figure ZF.4.2-4: Link Level Simulations (LLS) in sensitivity compared to Link-to-system mapping (L2S)
ZF.4.3.2
Multi-interference (DTS-2)
In ZF.4.2-5 the performance of the multi-interferer case DTS-2 case is verified. For the worst case, less than 0.5 dB difference is seen except for MCS-4 where the difference is less than 1 dB.
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Figure ZF.4.2-5: Link Level Simulations (LLS) in DTS-2 compared to Link-to-system mapping (L2S)
ZF.5
Results for Network synchronization evaluation

TBD

ZF.6
Results for Common control channel evaluation

TBD

ZF.7
Results for Data traffic and control channel evaluation

TBD
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