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BCCH Carrier Power Reduction Methodology
The aim of this contribution is to achieve an agreement on involving the modified methodology into TR. Two variants are included.
New changes to [5] have been marked in yellow. The contents marked in green are from a previous contribution[1].
1. Introduction

During BTS Energy Saving Teleconference #1, a methodology on BCCH power reduction with simulation results had been discussed [1]. A further explanation is submitted to GERAN #49[2]. Another variant with power control mechanism on traffic channels been configured on BCCH carrier is included in [5].
2. Background
In BTS Energy Saving Teleconference #5, 8th August 2011, some changes on TR[3] have been made. 
Some proposals were also discussed and agreed during Teleconference #2 & #3. The maximum power reduction on GMSK modulated BCCH carrier is not limited to 2dB. More reductions are regarding to be studied. Furthermore, power control mechanism with limitations may also be applied on BCCH carrier.
Two variants have been included in this methodology. Variant 1 has fewer impacts to network performance, but Variant 2 saves more energy.
3. Methodology
3.1. Variant 1
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Figure 1 BCCH Carrier Power Reduction Method; Variant 1
· For idle timeslots, the transmitting power is allowed to reduce by X dB. The value of X needs to be pre-set.
· The timeslots used as control channel (TS 0, blue area) is still transmitted with full power;

· The idle timeslots (yellow area) and those in DTX silence period (green area) are transmitted with X dB power reduction;

· During DTX active period (orange area), the BCCH carrier is transmitted with full power;
3.2. Variant 2
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Figure 2 BCCH Carrier Power Reduction Method; Variant 2
· For idle timeslots, the transmitting power is allowed to reduce by X dB. The value of X needs to be pre-set.
· The timeslots used as control channel (TS 0, blue area) is still transmitted with full power;

· The idle timeslots (yellow area) and those in DTX silence period (green area) are transmitted with X dB power reduction;

· Power control algorithm is applied during DTX active period (orange area), but the total reduced power is not allowed to exceed X dB;

4. Evaluation

Both in idle mode and dedicated mode, mobile stations keep collecting samples on BCCH carrier. Measurement results are reported to BTS. With the measurement reports, parameters are calculated, to specify whether a cell reselection or handover process to be triggered.

 When BCCH output power reduction is used, some timeslots, for instance, idle timeslot, should have an X dB power reduction. Such reduction changed the measurement results of mobile stations. Thus, the average signal level of neighboring cell may decrease while that of the serving cell remains high. As a consequence, it may impact the cell reselection and handover process.
4.1. Evaluations in previous study 

The following evaluation results were included in [1].

Note:  This is a quite early study. Case 2 reflect the Variant 1 scenario.  The Variant 2 scenario was not included.
Reference scenario: None BCCH power reduction.
Case 1: For all cells, the transmission of idle timeslots on BCCH carrier has 2 dB power reductions. Other timeslots transmitted with maximum power.

Case 2: For all cells, the TCH timeslots on BCCH carrier are transmitted with maximum power during DTX active period. 2 dB power reductions are carried out when it is within DTX silence period. Idle timeslots also have 2 dB power reductions.
Table 4.1.1 Simulation Assumptions

	Parameter
	Value

	Frequency band
	900 MHz

	Bandwidth
	4.4 MHz

	Frequency Reuse
	4*3(BCCH)
1*1 (TCH)

	Cell Radius
	500m

	Cluster
	7

	Sectors (cells) per Site
	3

	Sector Antenna Pattern
	UMTS 30.03

	Propagation Model
	Loss =121.1+37.6log(d/km)

	Log-Normal Fading: Standard Deviation
	8

	Log-Normal Fading: Correlation Distance
	50

	Log-Normal Fading: Inter-Site Correlation
	50

	Adjacent Channel Interference Attenuation
	18

	Fast Fading Type
	TU3

	Frequency Hopping
	Synthesized

	Receiver Type
	Conventional Receiver(DL Non-SAIC/ UL IRC)

	Speech Codec
	EFR

	DTX
	On

	HW configuration per cell
	3 TRX per cell


Traffic load: According to simulation assumption, each cell is configured with 3 TRXs. Besides two timeslots for BCCH and SDCCH, there are 22 timeslots available for TCH in each cell. In the simulation, low traffic scenario means average number of users per cell is 8; high traffic scenario means average number of users per cell is 16.
4.1.1. Power consumption for low traffic load scenario

Table 4.1.2-1 BCCH Carrier Output Power Level (Low traffic)

	SCENARIO
	Reference Case
	Case 1
	Case 2

	BCCH Carrier Output Power Level (Statistics)
	43 dBm
	41 dBm: 47%

43 dBm: 53%
	41 dBm: 58%

43 dBm: 42%

	BCCH Carrier Output Power Level (Average)
	43 dBm
	42.17 dBm
	41.95 dBm


4.1.2. Power consumption for High traffic load scenario

Table 4.1.2-2 BCCH Carrier Power Level (High traffic)

	SCENARIO
	Reference Case
	Case 1
	Case 2

	BCCH Carrier Output Power Level (Statistics)
	43 dBm
	41 dBm: 7%

43 dBm: 93%
	41 dBm: 34%

43 dBm: 66%

	BCCH Carrier Output Power Level (Average)
	43 dBm
	42.89 dBm
	42.41 dBm


The simulation suggests that, when power reduction feature is activated, the BCCH carrier output power decrease both in case 1 and case 2. For low traffic scenario, there are 0.83 dBm and 1.05 dBm power reduction individually in Case 1 and Case 2. When the network load is high, Case 1 and Case 2 still could obtain 0.11 dBm and 0.59 dBm power reductions each.

From the result, Case 2 leads to a lower power consumption compared with Case 1. (26.5% less for low traffic load; 436.4% less for high traffic load)

4.1.3. Network impacts for low traffic load scenario

· C/I Statistics
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Figure 4.1.3-1 Downlink CDF of C/I
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Figure 4.1.3-2 Uplink CDF of C/I

When the traffic load is low, BCCH carrier power reduction does not have much significant impacts on C/I distribution.

· Rx_Qual Statistics
Table 4.1.3-1 Downlink Rx_Qual Level Distribution

	Rx_Qual Level
	0
	1
	2
	3
	4
	5
	6
	7
	0~2

	Reference Case
	73.31 
	8.14 
	7.10 
	5.74 
	3.79 
	1.60 
	0.30 
	0.04 
	88.54% 

	Case 1
	70.60 
	8.92 
	7.89 
	6.45 
	4.15 
	1.65 
	0.32 
	0.02 
	87.41%

	Case 2
	72.21 
	8.41 
	7.42 
	6.11 
	4.00 
	1.56 
	0.27 
	0.03 
	88.04%


Table 4.1.3-2 Uplink Rx_Qual Level Distribution

	Rx_Qual Level
	0
	1
	2
	3
	4
	5
	6
	7
	0~2

	Reference Case
	87.83
	3.26
	3.01
	2.68
	1.99
	0.92
	0.28
	0.03
	94.10% 

	Case 1
	86.82
	3.49
	3.25
	2.99
	2.15
	1.01
	0.26
	0.04
	93.56%

	Case 2
	87.56
	3.38
	3.15
	2.72
	2.06
	0.91
	0.2
	0.03
	94.09%


Considering Rx_Qual level within 0 ~ 2, Case 2 is more or less the same as Reference Case. However, Case 1 has a decrease within this range. The reason probably comes from the handover trigger issue. In case 1, the MS detected that the average power level is lower in neighboring cells. It may prefer to stay at the serving cell; while actually, the neighboring cell might be better choice. In case 2, the power level of serving cell BCCH is reduced either. The mobile stations are easier to trigger a handover to other cells.

4.1.4. Network impacts for high traffic load scenario
· C/I Statistics
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Figure 4.1.4-1 Downlink CDF of C/I

[image: image6.emf]-40 -20 0 20 40 60 80

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Ul Sinr(dB)

 C.D.F  

C.D.F of Ul Sinr

 

 

Reference case

case 1

case 2


Figure 4.1.4-2 Uplink CDF of C/I

There is no significant impact on C/I distribution, the same as low traffic load situation.  

· Rx_Qual Statistics
Table 4.1.4-1 Downlink Rx_Qual Level Distribution

	Rx_Qual Level
	0
	1
	2
	3
	4
	5
	6
	7
	0~2

	Reference Case
	58.46 
	9.35 
	9.99 
	9.67 
	7.65 
	3.85 
	0.93 
	0.10 
	77.80% 

	Case 1
	58.20 
	9.31 
	9.95 
	9.70 
	7.76 
	4.00 
	0.98 
	0.10 
	77.46%

	Case 2
	58.43 
	9.34 
	9.79 
	9.60 
	7.68 
	4.01 
	1.02 
	0.13 
	77.55%


Table 4.1.4-2 Uplink Rx_Qual Level Distribution

	Rx_Qual Level
	0
	1
	2
	3
	4
	5
	6
	7
	0~2

	Reference Case
	76.21 
	4.95 
	5.27 
	5.15 
	4.39 
	2.75 
	1.00 
	0.27 
	86.43% 

	Case 1
	75.86 
	4.96 
	5.20 
	5.25 
	4.52 
	2.88 
	1.07 
	0.26 
	86.02%

	Case 2
	76.23 
	4.91 
	5.20 
	5.24 
	4.46 
	2.76 
	1.00 
	0.20 
	86.34%


The change of Rx_Qual distribution is similar to low traffic load scenario. Case 1 has a slight decrease. Case 2 performs almost the same as Reference Case.
4.2. Evaluations related by common assumptions:
 [TBC]
5. Conclusion

The power reduction methodology can achieve less power consumption for BCCH carrier of BTS. The mechanism could bring some benefit even when the traffic load is high. In that case, this solution is considered to be applicable for busy hours and cells.
Any further evaluations will be carried out according to common assumptions.
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