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Introduction
At GERAN#67 a new work item named Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things (WI code: CIoT_EC_GSM) was approved, see [1]. One of the objectives of the work item is the following:
“Support for extended coverage GSM deployment in a reduced BCCH spectrum allocation, provided it is shown to be feasible, from 4/12 (2.4 MHz) frequency re-use to 3/9 (1.8 MHz) or 1/3 (600 kHz) frequency re-use, where legacy CS users might not be supported, and add respective normative changes, if any.”
The BCCH layer serves many purposes, which may be negatively impacted by a tightened reuse, including the following:
1. [bookmark: _Ref432079203]Frequency and time synchronization (EC-FCCH, EC-SCH)
2. [bookmark: _Ref432079209]Cell identification (reading BSIC on EC-SCH) and received signal level measurements e.g. for cell reselection purposes
3. System information acquisition (EC-BCCH)
4. [bookmark: _Ref432079440]Common control signaling (EC-RACH, EC-PCH, EC-AGCH)
5. [bookmark: _Ref432079442]User data traffic
In this contribution, item 5 is investigated for EC-EGPRS services for BCCH layer spectrum allocations using 2.4 MHz down to 800 kHz.
Assumptions
Traffic generation
MTC traffic is generated according to the MAR periodic reporting and Network Command traffic models [3]. The split between these is 80 % MAR periodic and 20 % Network command.
EC-RACH interference
Interference from EC-RACH without power control has been modelled.
BCCH Power Savings
BCCH power savings can be used to reduce interference on the BCCH frequency layer.  With tighter BCCH frequency re-use the importance of this functionality increases. BCCH power savings can be used with various levels of reduction and selections of what timeslots and channels it should be applied to. For simulator implementation a simple implementation for BCCH PS was used with a reduction of 6 dB for Time Slots not used for EC-PDTCH or EC-PACCH. In case EC-PDTCH or EC-PACCH is used on the DL, a power regulation of maximum 6 dB in steps of 2 dB is used, with the power regulation based on signal strength measurements.
Uplink Power Backoff
A power backoff of maximum 10 dB with steps of 2 dB is used on EC-PDTCH and EC-PACCH in uplink. As for the downlink, the power regulation is based on signal strength measurements. It is worth to note the following:
· There is no limitation in the specifications today on 10 dB power down-regulation and hence this is a pessimistic assumption on potential down-regulation by the MS.
· [bookmark: _GoBack]The applied model with maximum 10 dB down-regulation in steps of 2 dB does not follow the information provided in the EC-EGPRS CHANNEL REQUEST, see [6]. Simulations following only information provided in the EC-EGPRS CHANNEL REQUEST are left FFS.
Simulations
Simulation assumptions
The system level simulation assumptions in [3] have been followed. Other specific assumptions are shown in Table 1.
System parameters
[bookmark: _Ref416799473]Table 1. Simulation assumptions, in addition to [3]
	Parameter
	Value

	General
	

	Simulation time
	100 s

	System size
	108 cells
(all frequency re-uses)

	Direction
	UL and DL

	Frequency band
	900 MHz

	Layer
	BCCH

	Frequency re-use
	Varied from 12 downto 4

	BTS antenna diversity
	MRC

	BTS output power
	43 dBm

	Cell radius
	577.33 m

	EC-EGPRS MTC parameters
	

	Number of repetitions
	1, 4, 8 and 16

	EC-PDTCH timeslots per cell
	6 EC-PDCH(note 1)

	Legacy GPRS MTC arrival rate per cell and second
	6.81 (100%)(note 2)

	Fixed UL allocation
	On

	Coding schemes
	MCS-1

	EGPRS L2S model
	Approximated by EGPRS L2S (MCS-1) with IR on the UL and without IR on the DL, see [4]

	Minimum delay between subsequent transmissions on EC-PDTCH and EC-PACCH
	1 radio block

	Incremental Redundancy
	On (UL)
Off (DL)

	Power control
	On. 
Power savings 6 dB DL if nothing to transmit on BCCH TS2-TS7.
0 to 6 dB in steps of 2 dB for EC-PDCH/D
0 to 10 dB in steps of 2 dB for EC-PDCH/U

	IP header compression
	Off

	Device output power
	33 dBm (100%)
23 dBm (100%)

	BPL model(note 3)
	BPL-1 is applied to the EC-EGPRS MTC users
(scenario 1 and 0.5 raa)

	Device timeout
	20 seconds

	NOTE 1: The system simulator uses a network wide timeslot alignment with a random timeslot offset between cells. NOTE 2: Derived from traffic models in [3]. 6.81 reports/commands per cell and second corresponds to the targeted number of devices per sector in the study.
NOTE 3: According to model in [3].



[bookmark: _Ref426471464]Cell selection and coding scheme selection
Cell selection was based on the calculated path gain and a N(0,2) dB measurement error. All devices have 0 velocity in the simulations so there will be no cell re-selection.
In the simulations no link adaptation was used. Instead the coding scheme was always selected to MCS-1 and remained the same throughout the duration of the TBF.
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. If a PUAN is unsuccessfully received the negative acknowledged blocks will not be transmitted, 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..
EC-PACCH specific Link to System mappings has been used for EC-PACCH/D and EC-PACCH/U.
Simulated scenarios
Table 2 summarizes the simulated scenarios and clarifies the legends in the figures presented in section 3.2. The frequency planning for the re-uses has been done with an Automatic Frequency Planner that, based on path gain relationships between cells, tries to minimize co- and adjacent channel interference on the downlink.
[bookmark: _Ref420081232]Table 2: Simulated scenarios
	Legend text
	BCCH
Re-use

	Re-use 12
	12

	Re-use 11
	11

	Re-use 10
	10

	Re-use 9
	9

	Re-use 8
	8

	Re-use 7
	7

	Re-use 6
	6

	Re-use 5
	5

	Re-use 4
	4


[bookmark: _Ref420282396]Results
The results presented are:
· Resource (TS) Usage (section 3.2.1)
· This represents the average amount of EC-PDTCH DL and UL TS resources required per cell in the system, for the different scenarios, see Table 3.
· Latency of MAR periodic reports (section 3.2.2)
· The latency includes time to transfer the message. 
· The results are presented as CDFs of the delay at the target traffic load (6.81 users per cell and second).
· Failed attempts are not included in the statistics (following the agreed methodology).
· Latency of DL application Ack (section 3.2.3)
· 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 (6.81 users per cell and second).
· Failed attempts (section 3.2.4)
· This represents the percentage of the attempts that were not successful, i.e. did not manage to get the report through during 20 seconds.
· Uplink capacity (section 3.2.5)
· Uplink capacity is defined as “spectral efficiency in number of reports/200 kHz/hour”. Results are shown in Table 5.
[bookmark: _Ref435548199]TS Usage
The TS Usage is shown in Table 3 for the downlink and uplink respectively. On the downlink, the TS Usage increases from 0.5 to 0.8 when the reuse is changed from 12 down to 4. This is an increase of ~60% while the frequency reuse is increased three times (67% smaller spectrum).
[bookmark: _Ref435561170][bookmark: _Ref435561163]Table 3. TS Usage for the downlink and uplink  
	BCCH 
Re-use
	33 dBm
TS usage DL
[#TS]
	33 dBm
TS usage UL
[#TS]
	23 dBm
TS Usage DL
[#TS]
	23 dBm
TS Usage UL
[#TS]

	12
	0.5
	0.9
	0.5
	1.3

	11
	0.5
	0.9
	0.5
	1.3

	10
	0.5
	0.9
	0.6
	1.3

	9
	0.6
	1.0
	0.6
	1.4

	8
	0.6
	1.0
	0.6
	1.6

	7
	0.6
	1.1
	0.6
	1.7

	6
	0.6
	1.1
	0.6
	1.9

	5
	0.7
	1.3
	0.7
	2.2

	4
	0.8
	1.4
	0.8
	2.6


For the uplink, the TS Utilization increases from ~1.3 to ~2.6 for 23 dBm MS output power when the reuse is changed from 12 to 4. This is an increase of two times with three times fewer frequencies. In the 33 dBm MS output power case the uplink TS utilization increases from ~0.9 to ~1.4 TS, which is an increase of approximately of 56 %. 
It can be noted that the resource increase is mainly due to more aggressive settings when switching between coverage classes with the aim to roughly operate in the same BLER region irrespective of re-use. Generally it applies that the tighter the re-use the more interference in the system, the more aggressive the coverage class threholds (to lower operative BLER points by using blind transmissions), and the more resources are used.
[bookmark: _Ref435548210]	Latency of MAR periodic reports
The latency of MAR periodic reports is represented by the latency of the data transfer, i.e. the common control signaling delay, see [3], is not included. A few users will experience an increased delay as seen in Figure 1 and Figure 2. The delays are increasing with tighter frequency re-use.
[image: ]
[bookmark: _Ref441544161]Figure 1: Uplink Transmission Delay for 33 dBm.

[image: ]
[bookmark: _Ref435562049]Figure 2: Uplink Transmission Delay for 23 dBm.

[bookmark: _Ref435548220]	Latency of Downlink Application Ack
A few users will experience an increased delay as seen in Figure 3 and Figure 4. Also in this case, the delay is increased with tighter frequency re-use.
[image: ]
[bookmark: _Ref441544189]Figure 3: Downlink Application Ack Delay for 33 dBm.
[image: ]
[bookmark: _Ref435561792]Figure 4: Downlink Application Ack Delay for 23 dBm.
[bookmark: _Ref435548257]Failed Attempts
At the traffic load 6.81 users per cell and second, the percentage of failed attempts (i.e., the report did not get delivered within 20 seconds) is found to be less than 0.1 % in the 12 down to 4 re-use scenarios. All failed attempts are shown in Table 4.
[bookmark: _Ref440010922]Table 4: Failed attempts 
	BCCH  Re-use
	33 dBm
Failed attempts [%]
	23 dBm
Failed attempts [%]

	12
	0.000
	0.01

	11
	0.002
	0.01

	10
	0.002
	0.01

	9
	0.000
	0.01

	8
	0.008
	0.01

	7
	0.002
	0.01

	6
	0.008
	0.02

	5
	0.008
	0.02

	4
	0.01
	0.07


[bookmark: _Ref435548269]Capacity
In the TR [2] capacity is defined as “spectral efficiency in number of reports/200 kHz/hour”. This definition is made with a standalone CIoT system in mind. Since the system in this evaluation serves only one traffic type (MTC traffic), the capacity definition is more meaningful in this case than in the previous EC-EGPRS investigations in which mixed services were assumed. Still it should be noted that the measure is not really a capacity measure since it does not reflect the capacity limit of the system but rather at an assumed fixed load. 
Capacity is here calculated as
(#sent reports per sector per hour)*(1 - failed attempts)/reuse 
The capacity is shown in Table 5 for the simulated scenarios.
[bookmark: _Ref435547887]Table 5: Capacity
	BCCH
Re-use
	33 dBm
Capacity
[reports/200kHz/hour]
	23 dBm
Capacity
[reports/200kHz/hour]

	12
	2053
	2050

	11
	2239
	2237

	10
	2464
	2460

	9
	2737
	2733

	8
	3079
	3075

	7
	3519
	3514

	6
	4105
	4099

	5
	4926
	4918

	4
	6157
	6138



As can be seen from the table, the 4-reuse scenario has three times capacity[footnoteRef:1] than the 12-reuse scenario, as expected considering the change in re-use factor, and the fact that almost no reports fails to be delivered. [1:  It should be noted that this is rather an increase in spectral efficiency than capacity since the same absolute number of reports are delivered in both scenarios.] 

UL Coverage Class Distribution
Table 6 summarizes the UL CC distribution for the 12 and 4 re-use scenarios and for the simulated case where all devices have 33 or 23 dBm output power. For the 33 dBm devices 99.0 % of all users are in normal coverage for the 12 re-use scenario. The corresponding number for 23 dBm devices is 92.5 %.


[bookmark: _Ref442806270] Table 6: UL CC distribution
	BCCH
Re-
use
	UL
Coverage
Class
	Distribution of users [%]

	
	
	CIoT device output power [dBm]

	
	
	33
	23

	12
	1
	99.0
	92.5

	12
	2
	0.9
	5.4

	12
	3
	0.1
	1.2

	12
	4
	0.1
	0.9

	4
	1
	92.4
	82.9

	4
	2
	5.4
	10.7

	4
	3
	1.2
	2.9

	4
	4
	1.0
	3.5



Discussion and conclusions
This paper shows that EC-EGPRS MTC services may be accommodated on EC-PDCH on as low BCCH spectrum allocations as 800 kHz with less than two times increase in TS utilization compared to 2.4 MHz. The transmission delays are increased for some devices; the effect is however rather small compared to the 67% reduction of the required frequency spectrum, corresponding to three times the spectral efficiency. 
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