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Impact on EC-CCCH in a reduced BCCH spectrum allocation
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].
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 a frame and timeslot synchronized network. This means EC-AGCH / EC-RACH channels are only interfered by other EC-AGCH / EC-RACH channels from other cells in the DL and UL respectively.
[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
Two different frequency planning procedures have been simulated:
· Flexible planner: The frequency plan includes a flexible planner based on the gain value between cells without any restriction in frequency used by a specific cell in the cell grid, except that the planner is limited to the number of frequencies configured for the simulation. Frequencies configured investigated are 12, 11, 10, 9, 8, 7, 6, 5 and 4.
· Regular planner: Classical frequency plan with regular re-use clusters are used. Frequencies configured investigated are 12, 9, and 3.
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
	Varied from 12,11,..…, 4 with frequency planner, and 12,9,3 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

	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
· This represents the average amount of bursts used per user, including all transmissions per system access attempt.
· 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
Flexible planner
The resource usage is shown in Table 3 and Table 4 for the downlink and uplink. On the downlink, the resource usage increases from 2.3 to around 5 when the reuse is changed from 12 to 4.
[bookmark: _Ref435561163][bookmark: _Ref435561170]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

	11
	2.4
	1.1

	10
	2.5
	1.1

	9
	2.6
	1.1

	8
	2.7
	1.1

	7
	3.0
	1.1

	6
	3.4
	1.1

	5
	4.1
	1.2

	4
	4.9
	1.2



[bookmark: _Ref441428425]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
	1.8

	11
	2.3
	1.8

	10
	2.4
	1.8

	9
	2.5
	1.8

	8
	2.7
	1.8

	7
	2.9
	1.8

	6
	3.3
	1.8

	5
	4.1
	1.8

	4
	5.3
	1.9



For the uplink, the TS Utilization increases from 1.1. to 1.2 for 33 dBm devices and 1.8 to 1.9 for 23 dBm devices. 
Regular planner
Similar effects as for the flexible planner is seen for the regular planner.
Table 5: Resource Usage for the downlink and uplink, 33 dBm
	BCCH 
Re-use
	Resource usage 
DL [#bursts]
	Resource usage 
UL [#bursts]

	12
	2.2
	1.0

	9
	2.5
	1.1

	3
	4.6
	1.2



Table 6: Resource Usage for the downlink and uplink, 23 dBm
	BCCH 
Re-use
	Resource usage 
DL [#bursts]
	Resource usage 
UL [#bursts]

	12
	2.2
	1.6

	9
	2.4
	1.7

	3
	5.0
	1.9



Common control channel delay
Flexible planner
In Figure 1 and Figure 2 the common control signaling delay is shown. As expected, the delay is increased when going to a tighter re-use factor. Still, the delay figures are kept at reasonable levels. The main reason for the delay increase is the use of more aggressive CC thresholds, meaning that users will start to use blind repetitions earlier in a tight re-use scenario than a more lose re-use scenario. This is a means to keep the BLER level low enough for users in different conditions, when the system interference level is increased.
One can note the granularity of the delay distribution is 50 ms and hence the first bin in the distribution represents all access attempts ready within this time. This will mainly be represented by CC1 accesses.
[image: ]
[bookmark: _Ref435562049]Figure 1: Common Control Signaling Delay, 33 dBm
[image: ]
[bookmark: _Ref441219051]Figure 2: Common Control Signaling Delay, 23 dBm
Regular planner
In Figure 3 and Figure 4 the same performance is shown for the regular planner. Similar trends can be seen.

[image: ]
[bookmark: _Ref441219185]Figure 3: Common Control Signaling Delay, 33 dBm
[image: ]
[bookmark: _Ref441219188]Figure 4: Common Control Signaling Delay, 23 dBm
[bookmark: _Ref435548257]Failed Attempts
Flexible planner
The percentage of failed attempts are extremely low in all scenarios investigated indicating that it would be possible to have a more aggressive system settings of for example CC thresholds to minimize resource usage in all scenarios.
[bookmark: _Ref440010922]Table 7: Failed attempts, 33 dBm
	BCCH  Re-use
	Failed attempts [%]

	12
	0.00%

	11
	0.00%

	10
	0.00%

	9
	0.00%

	8
	0.00%

	7
	0.00%

	6
	0.00%

	5
	0.01%

	4
	0.01%


[bookmark: _Ref435548269]
Table 8: Failed attempts, 23 dBm
	BCCH  Re-use
	Failed attempts [%]

	12
	0.00%

	11
	0.00%

	10
	0.01%

	9
	0.01%

	8
	0.01%

	7
	0.01%

	6
	0.01%

	5
	0.02%

	4
	0.02%



Regular planner
Table 9: Failed attempts, 33 dBm
	BCCH  Re-use
	Failed attempts [%]

	12
	0.00%

	9
	0.00%

	3
	0.01%



Table 10: Failed attempts, 23 dBm
	BCCH  Re-use
	Failed attempts [%]

	12
	0.01%

	9
	0.01%

	3
	0.01%



Coverage class distribution
The coverage class distribution for the regular planner is shown in Table 11 and Table 12.
[bookmark: _Ref442816550]Table 11: 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
	99.5 / 94.0
	0.5 / 4.4
	0.1 / 0.9
	<0.1 / 0.7

	3
	99.3 / 93.1
	0.6 / 4.9
	0.1 / 1.0
	<0.1 / 1.0


[bookmark: _GoBack]
[bookmark: _Ref442816556]Table 12: 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
	97.6 / 97.7
	2.1 / 2.1
	0.2 / 0.2
	<0.1 / <0.1

	3
	87.7 / 86.4
	9.6 / 10.7
	2.0 / 2.2
	0.7 / 0.7



Discussion 
The paper has investigated the performance of the EC-CCCH in a tight BCCH re-use scenario. Frequency re-use factors from 12 to 3 has been investigated using either what is called a “regular planning”, reflecting the classical cell grid of repeated re-use clusters, and what is referred to as a “flexible planner”, with full freedom to plan the frequencies. The same system deployment, site placement, etc. is assumed in both cases.
One can note that the regular planner is performing better than the flexible planner, indicating that the flexible planner has room for improvements. Hence, the flexible planner results should rather be seen as a means to illustrate the relative impact to the system when gradually reducing the BCCH spectrum allocation. Differences seen between the regular planner and the flexible planner are not of interest for this investigation.
The results should be considered as preliminary. More careful review will be done of the results before the GERAN#69 submission. 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.
It should further be noted that the simulations have assumed a frame and timeslot synchronized network meaning that only EC-CCCH wanted and interferer signals are modeled. On the UL, this will reflect a beneficial interference scenario with only EC-RACH interference. Considering that the EC-RACH load is reasonably low, so will also the interference be.
Conclusions
The paper has investigated the impact on the EC-CCCH in a tight BCCH spectrum. The results should be considered preliminary, but all in all, the results are encouraging showing extremely low failed rates even in a very tight re-use pattern. The resource usage is increased by roughly 120% when going from 12 to 3 in frequency re-use. The overall common control signaling delay is increased, as expected, but still the 99 percentile is around 1-1.5 sec for the lowest re-use factor.
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