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BCCH Carrier Power Reduction Methodology

This paper is updated from [1]. Main changes had been marked by yellow. The simulation length is 120000 frames and repeated twice. The statistics rang from 2000th frame to the end of simulation. Network size is 84 cells, belonging to 7 clusters. 60% SAIC penetration is used.

The traffic load configuration is aligned with TR 45.926[8]
It is proposed to include the content of Annex into the TR.
New updates from revision are marked in green.
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[1] GP-111210 BCCH Carrier Power Reduction Methodology; ZTE Corporation. GERAN #52, Bratislava, Slovakia, November 21th ~ November 25, 2011.
Annex 

X. BCCH Carrier Power Reduction Methodology

X.1 Introduction

This methodology is proposed to involve a dynamic power adjustment scheme to each timeslot on BCCH carrier by traffic load. A remarkable benefit is the decrease of mobile base station power consumption. It improves the network OPEX in certain scenarios as well as the CO2 emissions.

X.2 Methodology

The methodology is applied to GMSK modulated BCCH carrier. Two variants have been included. The value of X should be pre-set.

X.1.1 Variant 1
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Figure X.2.1 BCCH Carrier Power Reduction Method; Variant 1

· The timeslots used as control channel (TS0, TS1, blue area) is transmitted with maximum power;

· For idle TCH timeslots (yellow area), the BCCH carrier is transmitted with X dB power reduction;

· During DTX active period (orange area) of TCH timeslots, the BCCH carrier is transmitted with maximum power;

· During DTX silence period (green area) of TCH timeslots, the BCCH carrier is transmitted with X dB power reduction;

Table X.2.1 Power Scheme of Variant 1

	Timeslot Preceding
	Traffic Status
	DTX status
	BCCH Carrier Transmit Power

	BCCH/SDCCH
	Idle
	N/A
	Maximum

	BCCH/SDCCH
	Busy
	N/A
	Maximum

	TCH
	Idle
	N/A
	Reduced by X dB

	TCH
	Busy
	Active period
	Maximum

	TCH
	Busy
	Silence period
	Reduced by X dB


X.1.2 Variant 2
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Figure X.2.2 BCCH Carrier Power Reduction Method; Variant 2

· The timeslots used as control channel (TS0, TS1, blue area) is transmitted with maximum power;

· For idle TCH timeslots (yellow area), the BCCH carrier is transmitted with X dB power reduction;

· During DTX active period (orange area) of TCH timeslots, power control algorithm is applied to BCCH carrier, but the total reduced power is not allowed to exceed X dB; 

· During DTX silence period (green area) of TCH timeslots, the BCCH carrier is transmitted with X dB power reduction;

· Table X.2.2 Power Scheme of Variant 2

	Timeslot Preceding
	Traffic Status
	DTX status
	BCCH Carrier Transmit Power

	BCCH/SDCCH
	Idle
	N/A
	Maximum

	BCCH/SDCCH
	Busy
	N/A
	Maximum

	TCH
	Idle
	N/A
	Reduced by X dB

	TCH
	Busy
	Active period
	Power control applied (reduction not exceed X dB)

	TCH
	Busy
	Silence period
	Reduced by X dB


X.3 Evaluation

Three cases are simulated to compare:

Reference case: No BCCH power reduction is applied.

Case 1: Variant 1 is applied, with x = 2;

Case 2: Variant 2 is applied, with x = 2;

Assumptions are aligned to current common assumptions.

X.3.1 Simulation assumptions

· Table X.3.1 Simulation Assumptions

	Parameter
	Default Value
	Unit

	Frequency band
	900
	MHz

	BCCH frequency re-use
	4/12
	-

	TCH frequency re-use
	1/1
3/9
	

	Frequency Hopping
	1/1 for synthesizer hopping 

3/9 for baseband hopping
	-

	Cell Size
	500
	m

	Network size
	84 cells
	

	Sectors (cells) per Site
	3
	-

	Sector Antenna Pattern
	UMTS 30.03
	-

	Propagation Model
	Okumura-Hata
	dB

	Log-Normal Fading: Standard Deviation
	6
	dB

	Log-Normal Fading: Correlation Distance
	110
	m

	Log-Normal Fading: Inter-Site Correlation
	50
	%

	Adjacent Channel Interference Attenuation
	18
	dB

	Fast Fading
	Enabled
	　

	Fast Fading Type
	TU3
	km/hr

	Receiver Type
	Conventional Receiver(DL EGC/ UL IRC)
	　

	SAIC penetration rate
	60
	%

	Speech codec
	AFS 12.2
	

	Traffic mix
	100 % voice
	

	Indoor/outdoor users
	0/100
	%


· Table X.3.2 Traffic Load Configuration
	
	Low load
	Medium load
	Busy hour load

	Load for 222
	· BCCH TRX: all TS except TS0 can be allocated for user traffic

· Other TRX: all TS allowed for user traffic 

· Mean Traffic load per sector: 20% of busy hour 
	· BCCH TRX: all TS except TS0 can be allocated for user traffic

· Other TRX: all TS allowed for user traffic 

· Mean Traffic load per sector: 50% of busy hour 
	· BCCH TRX: all TS except TS0 can be allocated for user traffic

· Other TRX: all TS allowed for user traffic 

· Mean traffic load per sector: according to busy hour

	Load for 444
	· BCCH TRX: all TS except TS0 can be allocated for user traffic

· Other TRX: all TS allowed for user traffic 

· Mean Traffic load per sector: 20% of busy hour 
	· BCCH TRX: all TS except TS0 can be allocated for user traffic

· Other TRX: all TS  allowed for user traffic

· Mean Traffic load  per sector: 50% of busy hour 
	· BCCH TRX: all TS except TS0 can be allocated for user traffic

· Other TRX: all TS allowed for user traffic 

· Mean traffic load per sector: according to busy hour 

	Load for 888
	· 
BCCH TRX: all TS except TS0 can be allocated for user traffic

· 
Other TRX: all TS allowed for user traffic

· Mean Traffic load per sector: 20% of busy hour 
	· BCCH TRX: all TS except TS0 can be allocated for user traffic

· Other TRX: all TS per each sector can be allocated and remaining TS idle

· Mean traffic load per sector: 50% of busy hour 
	· BCCH TRX: all TS except TS0 can be allocated for user traffic

· Other TRX: all TS allowed for user traffic 

· Mean traffic load per sector: according to busy hour 


Table X.3.3 Load profiles for different site configuration
	Site

Configuration
	Load Profile 1 

Low Traffic Load

(20% of BHT) with

100 % FR codec
	Load Profile 2

Medium Traffic Load

(50% of BHT) with

100 % FR codec
	Load Profile 3

High Traffic Load

(100% of BHT) with

100% FR codec


	Load Profile 4

High Traffic Load

(100% of BHT) with

100% HR codec

	S222
	4,8 Erlangs

(3×1,6)
	12,3 Erlangs

(3×4,1)
	24,6 Erlangs

(3×8,2)
	54,9 Erlangs

(3×18,3)

	S444
	12,6 Erlangs

(3×4,2)
	31,5 Erlangs

(3×10,5)
	63,0 Erlangs

(3×21,0)
	131,7 Erlangs

(3×43,9)

	S888
	26,1 Erlangs

(3×8,7)
	73,2 Erlangs

(3×24,4)
	146,1 Erlangs

(3×48,7)
	292,8 Erlangs

(3×97,6)


Table X.3.4 Number of SDCCH channels per sector for each site configuration and each load profile

	Site

Configuration
	Load Profile 1 

Low Traffic Load

(20% of BHT) with

100 % FR codec
	Load Profile 2

Medium Traffic Load

(50% of BHT) with

100 % FR codec
	Load Profile 3

High Traffic Load

(100% of BHT) with

100% FR codec


	Load Profile 4

High Traffic Load

(100% of BHT) with

100% HR codec

	S222
	1
	1
	1
	2

	S444
	2
	2
	2
	4

	S888
	4
	4
	4
	8


X.3.2 Evaluations

X.3.2.1 Impacts to Radiated Power and Power Consumption

Table X.3.5 Average Tx Power on all Carriers Including BCCH Carrier
	TCH Frequency Reuse
	Site Configuration
	Traffic Load
	Reference Case
(dBm)
	Case 1
(dBm)
	Case 2
(dBm)

	1/1 Reuse
	S222
	Busy Hour
	TBD
	TBD
	TBD

	
	
	Medium
	TBD
	TBD
	TBD

	
	
	Low
	TBD
	TBD
	TBD

	
	S444
	Busy Hour
	TBD
	TBD
	TBD

	
	
	Medium
	TBD
	TBD
	TBD

	
	
	Low
	TBD
	TBD
	TBD

	
	S888
	Busy Hour
	TBD
	TBD
	TBD

	
	
	Medium
	TBD
	TBD
	TBD

	
	
	Low
	TBD
	TBD
	TBD

	3/9 Reuse
	S222
	Busy Hour
	TBD
	TBD
	TBD

	
	
	Medium
	TBD
	TBD
	TBD

	
	
	Low
	TBD
	TBD
	TBD

	
	S444
	Busy Hour
	TBD
	TBD
	TBD

	
	
	Medium
	TBD
	TBD
	TBD

	
	
	Low
	TBD
	TBD
	TBD

	
	S888
	Busy Hour
	TBD
	TBD
	TBD

	
	
	Medium
	TBD
	TBD
	TBD

	
	
	Low
	TBD
	TBD
	TBD



Table X.3.6 Average Power Consumption on all Carriers Including BCCH Carrier:
	TCH Frequency Reuse
	Site Configuration
	Traffic Load
	Reference Case
(Watt)
	Case 1
(Watt)
	Case 2
(Watt)

	1/1 Reuse
	S222
	Busy Hour
	TBD
	TBD
	TBD

	
	
	Medium
	TBD
	TBD
	TBD

	
	
	Low
	TBD
	TBD
	TBD

	
	S444
	Busy Hour
	TBD
	TBD
	TBD

	
	
	Medium
	TBD
	TBD
	TBD

	
	
	Low
	TBD
	TBD
	TBD

	
	S888
	Busy Hour
	TBD
	TBD
	TBD

	
	
	Medium
	TBD
	TBD
	TBD

	
	
	Low
	TBD
	TBD
	TBD

	3/9 Reuse
	S222
	Busy Hour
	TBD
	TBD
	TBD

	
	
	Medium
	TBD
	TBD
	TBD

	
	
	Low
	TBD
	TBD
	TBD

	
	S444
	Busy Hour
	TBD
	TBD
	TBD

	
	
	Medium
	TBD
	TBD
	TBD

	
	
	Low
	TBD
	TBD
	TBD

	
	S888
	Busy Hour
	TBD
	TBD
	TBD

	
	
	Medium
	TBD
	TBD
	TBD

	
	
	Low
	TBD
	TBD
	TBD






















X.3.2.2 Impacts to Call Quality

The following table includes the percentage of satisfied users (FER ≤ 2%) for different load scenarios and site configurations.

Table X.3.7 Percentage of satisfied users
	TCH Frequency Reuse
	Site Configuration
	Uplink or Downlink
	Traffic Load
	Reference Case 
(100%)
	Case 1
(100%)
	Case 2
(100%)

	1/1 Reuse
	S222
	UL
	Busy Hour
	99.57
	98.71
	97.86

	
	
	
	Medium
	98.29
	97.44
	97.44

	
	
	
	Low
	99.9
	98.8
	98

	
	
	DL
	Busy Hour
	99.15
	99.14
	98.71

	
	
	
	Medium
	99.15
	99.15
	99.15

	
	
	
	Low
	99.7
	99.5
	99.3

	
	S444
	UL
	Busy Hour
	97.78
	94.85
	94.27

	
	
	
	Medium
	98.75
	98.75
	97.18

	
	
	
	Low
	98.39
	97.58
	96.77

	
	
	DL
	Busy Hour
	96.67
	94.85
	94.58

	
	
	
	Medium
	98.75
	98.75
	97.5

	
	
	
	Low
	99.42
	99.23
	99.19

	
	S888
	UL
	Busy Hour
	94.72
	93.69
	93.42

	
	
	
	Medium
	98.06
	97.93
	96.84

	
	
	
	Low
	98.58
	98.23
	97.52

	
	
	DL
	Busy Hour
	93.37
	92.52
	91.93

	
	
	
	Medium
	97.69
	96.96
	96.84

	
	
	
	Low
	98.58
	97.86
	97.51

	3/9 Reuse
	S222
	UL
	Busy Hour
	97.83
	97.79
	97.69

	
	
	
	Medium
	99.74
	99.49
	99.23

	
	
	
	Low
	99.9
	98.72
	98.08

	
	
	DL
	Busy Hour
	96.48
	96.34
	95.97

	
	
	
	Medium
	99.23
	98.97
	98.46

	
	
	
	Low
	99.36
	98.08
	96.15

	
	S444
	UL
	Busy Hour
	96.71
	96.51
	96.49

	
	
	
	Medium
	98.72
	98.33
	98.13

	
	
	
	Low
	98.39
	98.39
	98.12

	
	
	DL
	Busy Hour
	96.09
	95.37
	94.9

	
	
	
	Medium
	97.74
	97.64
	97.64

	
	
	
	Low
	98.93
	98.66
	98.4

	
	S888
	UL
	Busy Hour
	95.49
	95.2
	95.16

	
	
	
	Medium
	98.18
	98.05
	97.89

	
	
	
	Low
	99.53
	99.3
	98.94

	
	
	DL
	Busy Hour
	94.37
	94.25
	94.17

	
	
	
	Medium
	97.72
	97.43
	96.64

	
	
	
	Low
	98.83
	98.83
	98.59


From the evaluation results, the BCCH power reduction method decreases the percentage of satisfied users. However, in most cases, this KPI still fulfills the 95% target or within 2% degradation compare to reference case. During the busy hours, the power reduction method does not performs well in S444 configuration, 1/1 reuse.
Editor’s note: The results of call quality should be further investigated.
X.3.2.3 Impacts to Handover

HO modeling: Use the link FER to determine whether SABM and UA frames are successfully delivered. If the SABM and UA frames fail to be sent/received after retry, a HO failure is marked.

Call drop modeling: 1. HO failure may leads to a call drop; 2. Use the link FER to determine whether SACCH frame is correctly transmitted. The threshold for call drop depends on how many SACCH frame fails within an interval.
HO Penalty: Penalty in terms of speech frame erasures during handover to be taken into account for DL and UL. Aligned to MUROS TR 45.913
Table X.3.8 Handover number
	TCH Frequency Reuse
	Site Configuration
	Traffic Load
	Reference Case 
	Case 1
	Case 2

	1/1 Reuse
	S222
	Busy Hour
	188
	185
	183

	
	
	Medium
	70
	63
	60

	
	
	Low
	45
	40
	40

	
	S444
	Busy Hour
	1030
	948
	758

	
	
	Medium
	250
	245
	230

	
	
	Low
	78
	75
	75

	
	S888
	Busy Hour
	2795
	2750
	2723

	
	
	Medium
	883
	825
	790

	
	
	Low
	195
	193
	178

	3/9 Reuse
	S222
	Busy Hour
	685
	628
	610

	
	
	Medium
	240
	233
	223

	
	
	Low
	105
	85
	85

	
	S444
	Busy Hour
	2323
	2280
	2178

	
	
	Medium
	840
	788
	780

	
	
	Low
	260
	235
	230

	
	S888
	Busy Hour
	6033
	5965
	5870

	
	
	Medium
	2200
	2190
	2153

	
	
	Low
	608
	603
	598


From the evaluation results, the total number of handover slightly decreases after power reduction method had been applied.
Table X.3.9 Call Drop Rate
	TCH Frequency Reuse
	Site Configuration
	Traffic Load
	Reference Case 
(100%)
	Case 1
(100%)
	Case 2
(100%)

	1/1 Reuse
	S222
	Busy Hour
	0.03
	0.05
	0.09

	
	
	Medium
	0.02
	0.03
	0.05

	
	
	Low
	0
	0
	0

	
	S444
	Busy Hour
	0.05
	0.07
	0.11

	
	
	Medium
	0.03
	0.05
	0.08

	
	
	Low
	0
	0
	0

	
	S888
	Busy Hour
	0.09
	0.13
	0.20

	
	
	Medium
	0.05
	0.08
	0.11

	
	
	Low
	0.05
	0.07
	0.10

	3/9 Reuse
	S222
	Busy Hour
	0.02
	0.03
	0.05

	
	
	Medium
	0.01
	0.02
	0.04

	
	
	Low
	0
	0
	0

	
	S444
	Busy Hour
	0.04
	0.07
	0.09

	
	
	Medium
	0.02
	0.05
	0.06

	
	
	Low
	0
	0.01
	0.01

	
	S888
	Busy Hour
	0.07
	0.11
	0.15

	
	
	Medium
	0.01
	0.04
	0.05

	
	
	Low
	0
	0.02
	0.05


The call drop rate slightly increased while all cases are within the 0.2% target.
X.4 Conclusion

This methodology has impacts to network KPI. The total handover number slightly decreases when it is applied. The percentage of satisfied users may decrease but be within a 95% target in most cases, especially when the reference case meets the target. It also has limited impacts to the call drop rate.
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