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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 (FCCH, SCH)
2. [bookmark: _Ref432079209]Cell identification (reading BSIC on SCH) and received signal level measurements e.g. for cell reselection purposes
3. System information acquisition (BCCH)
4. [bookmark: _Ref432079440]Common control signaling (RACH, PCH, AGCH)
5. [bookmark: _Ref432079442]User data traffic
In this contribution, item 4 is investigated for EC-EGPRS devices for BCCH layer spectrum allocations using 2.4 MHz down to 600 kHz. 
Item 1 is investigated in [4].
Item 5 is investigated in [5].
Updates since GP-160041 include a more optimized setting of the CC thresholds in a tight frequency re-use. In earlier simulations a conservative approach was taken which turned out to be too pessimistic in terms of system performance and resource usage. The new results have only been re-simulated using a regular frequency re-use planner (and not the flexible planner earlier shown) considering the stated scope in the WID (“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”), and for simplicity to analyze results. Also in earlier simulations only the synchronized network implementation with EC-CCCH as carrier and interference was simulated, in these results asynchronous system operation is assumed where an additional effect of external interference from EC-PDTCH/EC-PACCH according to [12] have been added.
Assumptions
Link model
The link level model used in the simulator is described in [8].
Blind transmissions
The blind transmissions used in the simulations are those derived by link level analysis in [6] and evaluated on system level in [5], see Table 1.
[bookmark: _Ref441175453]Table 1: Blind transmissions.
	Logical channel
	Coverage Class 
[CC1, CC2, CC3, CC4]

	EC-AGCH
	[1,8,16,32]

	EC-RACH
	[1,4,16,48]



Network synchronization
The interference situation modeled by the simulation is limited to timeslot synchronized network. This means EC-AGCH / EC-RACH channels are both interfered by other EC-CCCH channels, and EC-PDTCH/EC-PACCH interference in other cells.
[bookmark: _Ref441176617]Coverage class adaptation
Coverage class adaptation has been applied as described in [7] with two failed attempts before adaptation of the coverage class is allowed. At most two increments in CC from the initially estimated class are allowed.
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 the simulator a simple implementation for BCCH PS was used with a reduction of 6 dB for 60% of the dummy bursts transmitted on the EC-CCCH DL. I.e. no power control was applied to Immediate Assignment messages. The choice not to down-regulate all dummy bursts on the EC-CCCH is to also include a more highly loaded network where not only EC-AGCH but also EC-PCH would be transmitted (assumed to be not power regulated).
Frequency planning
The frequency planning simulated have been based on regular re-use clusters in a 4/12, 3/9, and 1/3 re-use.
Simulations
Simulation assumptions
The system level simulation assumptions in [3] have been followed. Other specific assumptions are shown in Table 2.
System parameters
[bookmark: _Ref416799473]Table 2. Simulation assumptions, in addition to [3]
	Parameter
	Value

	Number of re-use clusters
	9

	Direction
	UL and DL

	Frequency band
	900 MHz

	Layer
	BCCH

	Frequency re-use
	4/12,3/9,1/3 with regular frequency planning

	BTS antenna diversity
	MRC

	BTS output power
	43 dBm

	Cell radius
	577.33 m

	MTC arrival rate per cell and second
	6.8

	EC-RACH mapping
	2 TS, EC-RACH

	Coverage class adaptation
	See section 2.4

	Interference
	1. EC-CCCH
2. External interference from EC-PDTCH, EC-PACCH according to load in (see [12])

	Maximum attempts on EC-RACH per system access attempt
	6

	Power control, DL
	6 dB DL on 60% of dummy bursts.

	Power control, UL
	As described in [9] with target received power level of -105 dBm

	Device output power
	23 dBm or 33 dBm

	BPL model
	Model 1, inter-site correlation 0.5


[bookmark: _Ref420282396]Results
The results presented are:
· Resource Usage
· Average amount of bursts used per user, including all transmissions per system access attempt.
· % of total resources available used on one TS where EC-CCCH is mapped
· 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
· 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.
[bookmark: _Ref435548199]Resource Usage
The resource usage in terms of bursts is shown in Table 3 and Table 4.
[bookmark: _Ref450583407]Table 3: Resource Usage for the downlink and uplink, 33 dBm
	BCCH 
Re-use
	Resource usage 
DL [#bursts]
	Resource usage 
UL [#bursts]

	12
	2.3
	1.1

	9
	2.3
	1.1

	3
	3.3
	1.3



[bookmark: _Ref450583412]Table 4: Resource Usage for the downlink and uplink, 23 dBm
	BCCH 
Re-use
	Resource usage 
DL [#bursts]
	Resource usage 
UL [#bursts]

	12
	2.3
	1.7

	9
	2.3
	1.8

	3
	3.3
	2.6



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. 
In Table 5 and Table 6 the same figures are shown expressed as percent of total resources available on one TS EC-CCCH (in total up to 36 bursts out of the 51 in the multiframe can be used for EC-AGCH). 
For example, for a resources usage of 2.3 bursts, and with an arrival rate of 6.8 users/s, the total number of bursts used for EC-AGCH per second is on average 15.64, and hence the percent of EC-CCCH resources used is 15.64/(13/3.060*36) = 10.2%.
[bookmark: _Ref450583486]Table 5: % of total resource for EC-CCCH occupied, 33 dBm
	BCCH 
Re-use
	Resource usage 
DL [#bursts]
	Resource usage 
UL [#bursts][footnoteRef:1] [1:  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 collisions occur)] 


	12
	10.2%
	3.5%

	9
	10.2%
	3.5%

	3
	14.7%
	4.1%



[bookmark: _Ref450583490]Table 6: % of total resource for EC-CCCH occupied, 23 dBm
	BCCH 
Re-use
	Resource usage 
DL [#bursts]
	Resource usage 
UL [#bursts]1

	12
	10.2%
	5.3%

	9
	10.2%
	5.6%

	3
	14.7%
	8.2%



It can be seen that there is somewhat higher load on the DL EC-CCCH resources than on the UL. Also, EC-PCH load will add to the overall EC-CCCH/DL load. Still, the load visible is at rather moderate levels, and considering the EC-RACH channel being of slotted ALOHA design, an as high resource usage as on the DL would not be expected in a well operated system. Also, there will be collisions on the EC-RACH channel, which is not taken into account by the calculations above. Hence, if determining the amount of resources being occupied by one or more access bursts, the figures in the table above would be lower than presented.
Common control channel delay
In Figure 1 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. The reason for the longer delay in the 23 dBm case is that these MS are generally in higher CCs to compensate for the reduced output power, which implies longer transmission times and response waiting times. Also, in these simulations, even if 23 dBm devices are placed at higher CL than 154 dB, they have not been excluded from the simulations, which implies that they could take up a proportionally higher amount of resources, and also contribute to a proportionally higher delay than if excluded from network access.
[image: ]
[bookmark: _Ref441219185]Figure 1: Common Control Signaling Delay
[bookmark: _Ref435548257]Failed Attempts
The overall failed attempts are in all simulations well below 0.1%, but to avoid the risk of not running too long simulations to come up with a number with enough statistical significance, it can safely be assumed that less than 0.1% of the system access attempts fail.
[bookmark: _Ref435548269]Coverage class distribution
The coverage class distribution for the regular planner is shown in Table 7 and Table 8.
[bookmark: _Ref442816550]Table 7: 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



[bookmark: _Ref442816556]Table 8: 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



Discussion 
The paper has investigated the performance of the EC-CCCH in a tight BCCH re-use scenario. Frequency re-use factors from 12, 9 and 3 has been investigated using a regular frequency re-use cluster deployment.
One can note from the results that the failed rate is extremely low, indicating that a more aggressive system setting in specifically the CC thresholds could be applied resulting in less resources used by the EC-CCCH.
BCCH power savings has been applied, but only on dummy bursts transmitted on the EC-CCCH, and down-regulation has only been allowed in 60% of the bursts. This is to model a higher load on the EC-CCCH, considering also for example EC-PCH traffic would be present in a real network deployment.
The simulations have assumed a timeslot synchronized network meaning that EC-PDTCH and EC-PACCH, as well as, EC-CCCH interfering signals are modeled. The load on EC-PDTCH and EC-PACCH is aligned with what is seen in [12].
Conclusions
The paper has investigated the impact on the EC-CCCH in a tight BCCH spectrum. The results are encouraging showing extremely low failed rates even in a very tight re-use pattern. The resource usage is increased by roughly 40% when going from 12 to 3 in frequency re-use. The overall common control signaling delay is increased, as expected, but still the 95 percentile is around 0.1 sec for all cases, except for re-use 3 where the 95 percentile delay increase to 0.5 s.
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