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BCCH Carrier Power Reduction Methodology
On BTS Energy teleconference #6, the evaluation for BCCH Carrier Power Reduction Methodology [1] has been discussed. Comments are discussed offline via email. The simulation is improved aligned to comments.

In this paper, the simulation length is 100000 frames and repeated twice. The statistics rang from 20000th frame to the end of simulation. Network size is 21 cells, belonging to 7 clusters (clusters at the edge is not completely simulated). 0% SAIC penetration is used to better determine the impact on legacy mobiles.
Since a common channel allocation algorithm is still TBD, the traffic load configuration is in accord with the latest TR v0.0.10.
It is proposed to include the content of Annex into the TR.
Referrence

[1] Evaluation on BCCH Carrier Power Reduction Methodology; ZTE Corporation; 3GPP TSG GERAN BTS Energy Saving Teleco #6; 10th Oct 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 (TS 0, 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
	Idle
	N/A
	Maximum

	BCCH
	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 (TS 0, 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
	Idle
	N/A
	Maximum

	BCCH
	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
	· 

	· Frequency Hopping
	· Synthesized
	· -

	· Cell Size
	· 500
	· m

	· Network size
	· 21 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
	· 0
	· %

	· 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: Idle

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

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

· Mean traffic load per sector: 6 Erlangs

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

· Other TRX: Idle

· 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 can be allocated per each sector 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 can be allocated per each sector and remaining TS idle

· Mean traffic load per sector: 17 Erlangs

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

· 
Other TRX: Idle

· 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 per each sector can be allocated and remaining TS idle

· Mean traffic load per sector: 41 Erlangs

	
	Low load
	Medium load
	Busy hour load


Table X.3.3 Reference Parameters for Cell Size Calculation

	· Parameter
	· Value

	· Downlink traffic type
	· Voice

	· Uplink traffic type
	· Voice

	· BTS output power for BCCH carrier and other carriers 
	· 43dBm

	· BTS antenna height
	· 40m

	· BTS Sector antenna pattern
	· 65º deg H-plane, 
max TX gain 18dBi


	· BTS feeder and connector loss
	· 3dB

	· MS output power
	· 31dBm

	· RACH power reduction
	· Disabled

	· MS antenna height
	· 1.5m

	· MS antenna gain
	· 0dBm

	· MS sensitivity
	· -104dBm

	· MS noise figure
	· 8dB

	· Body loss
	· 3dB


X.3.2 Evaluations

X.3.2.1 Impacts to Power Consumption
Table X.3.1 Average Power on BCCH Carrier
	· Site Configuration
	· Traffic Load
	· Reference Case
	· Case 1
	· Case 2

	· S222
	· Busy Hour
	· 43dBm
	· 41.86dBm
	· 41.28dBm

	· 
	· Medium
	· 43dBm
	· 41.68dBm
	· 41.27dBm

	· 
	· Low
	· 43dBm
	· 41.49dBm
	· 41.26dBm

	· S444
	· Busy Hour
	· 43dBm
	· 42.13dBm
	· 41.30dBm

	· 
	· Medium
	· 43dBm
	· 41.94dBm
	· 41.28dBm

	· 
	· Low
	· 43dBm
	· 41.63dBm
	· 41.27dBm

	· S888
	· Busy Hour
	· 43dBm
	· 42.18dBm
	· 41.31dBm

	· 
	· Medium
	· 43dBm
	· 42.13dBm
	· 41.29dBm

	· 
	· Low
	· 43dBm
	· 41.87dBm
	· 41.28dBm


Both variant 1 and variant 2 obtained a decrease on average BCCH carrier transmitting power. Form table X.3.1, variant 2 saves more energy than variant 1.
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.3.2 Satisfied users of low load scenario
	· Scenario
	· Site Configuration
	· Reference Case (100%)
	· Case 1 (100%)
	· Case 2 (100%)

	· Downlink
	· S222
	· 100.00
	· 100.00
	· 100.00

	· Uplink
	· 
	· 100.00
	· 100.00
	· 100.00

	· Downlink
	· S444
	· 100.00
	· 100.00
	· 100.00

	· Uplink
	· 
	· 100.00
	· 100.00
	· 100.00

	· Downlink
	· S888
	· 100.00
	· 100.00
	· 100.00

	· Uplink
	· 
	· 99.89
	· 99.89
	· 99.89


Table X.3.3 Satisfied users of medium load scenario
	· Scenario
	· Site Configuration
	· Reference Case (100%)
	· Case 1 (100%)
	· Case 2 (100%)

	· Downlink
	· S222
	· 100.00
	· 100.00
	· 100.00

	· Uplink
	· 
	· 100.00
	· 100.00
	· 100.00

	· Downlink
	· S444
	· 99.93
	· 99.90
	· 99.80

	· Uplink
	· 
	· 100.00
	· 100.00
	· 99.99

	· Downlink
	· S888
	· 99.31
	· 99.29
	· 98.77

	· Uplink
	· 
	· 99.96
	· 99.96
	· 99.96


Table X.3.4 Satisfied users of busy hour load scenario
	· Scenario
	· Site Configuration
	· Reference Case (100%)
	· Case 1 (100%)
	· Case 2 (100%)

	· Downlink
	· S222
	· 99.40
	· 99.39
	· 99.27

	· Uplink
	· 
	· 100.00
	· 100.00
	· 100.00

	· Downlink
	· S444
	· 98.20
	· 98.00
	· 96.53

	· Uplink
	· 
	· 100.00
	· 99.79
	· 99.75

	· Downlink
	· S888
	· 90.01
	· 89.97
	· 85.98

	· Uplink
	· 
	· 99.62
	· 99.56
	· 99.57


From table X.3.3 and X.3.4, the percentage of satisfied user is greater than 98.77%.
From table X.3.5, for S222 and S444 configuration, the percentage of satisfied user still meet the 95% soft target. For the S888 configuration, the reference case is 90.01% in uplink. Variant 1 and variant 2 individually has a degradation of 0.04% and 4.03%.
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.

Handover Failure Rate = (The number of HO failure) / (Total Handover Number) * 100%
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.

Table X.3.5 Network Performance of S222 
	· Load
	· Busy Hour Load (S222)
	· Medium Load (S222)
	· Low Load(S222)

	· Case
	· Reference case
	· Case 1
	· Case 2
	· Reference case
	· Case 1
	· Case 2
	· Reference case
	· Case 1
	· Case 2

	· Total Handover Number
	· 1119
	· 1071
	· 1065
	· 555
	· 548
	· 518
	· 235
	· 228
	· 210

	· Handover Failure Rate (%)
	· 0.89
	· 1.02
	· 2.59
	· 0.36
	· 0.95
	· 1.97
	· 0.28
	· 0.82
	· 1.38

	· Call Drop Rate (%)
	· 0.01
	· 0.13
	· 0.17
	· 0.01
	· 0.04
	· 0.09
	· 0
	· 0.01
	· 0.04


In the S222 configuration, the total HO number decreases from reference case to variant 2; HO failure and call drop rate have increased. Variant 1 has less impact to the network compared to Variant2.
Table X.3.6 Network Performance of S444 Scenario
	· Load
	· Busy Hour Load (S444)
	· Medium Load (S444)
	· Low Load(S444)

	· Case
	· Reference case
	· Case 1
	· Case 2
	· Reference case
	· Case 1
	· Case 2
	· Reference case
	· Case 1
	· Case 2

	· Total Handover Number
	· 4153
	· 4093
	· 4120
	· 1712
	· 1699
	· 1650
	· 651
	· 631
	· 622

	· Handover Failure Rate (%)
	· 1.18
	· 1.2
	· 1.39
	· 0.74
	· 0.88
	· 1.14
	· 0.53
	· 0.58
	· 0.86

	· Call Drop Rate (%)
	· 0.07
	· 0.24
	· 0.35
	· 0.01
	· 0.04
	· 0.05
	· 0
	· 0.01
	· 0.04


In the S444 configuration, the total HO number decreases from reference case to variant 2; HO failure and call drop rate have slight increase. Variant 1 has less impact to the network compared to Variant2.
Table X.3.7 Network Performance of S888 Scenario
	· Load
	· Busy Hour Load (S888)
	· Medium Load (S888)
	· Low Load(S888)

	· Case
	· Reference case
	· Case 1
	· Case 2
	· Reference case
	· Case 1
	· Case 2
	· Reference case
	· Case 1
	· Case 2

	· Total Handover Number
	· 12280
	· 12033
	· 11919
	· 4857
	· 4769
	· 4850
	· 1371
	· 1365
	· 1362

	· Handover Failure Rate (%)
	· 1.66
	· 1.8
	· 2.06
	· 0.95
	· 1.07
	· 0.97
	· 0.72
	· 0.87
	· 0.93

	· Call Drop Rate (%)
	· 0.09
	· 0.53
	· 1.21
	· 0.04
	· 0.03
	· 0.07
	· 0.01
	· 0.03
	· 0.05


In the S888 configuration, the total HO number has slight decrease; HO failure rate and call drop rate have slight increase. Variant 1 has less impact to the network compared to Variant 2.
X.4 Conclusion

For energy consumption aspect, both variant 1 and variant 2 have significant decrease of average transmitting power on BCCH carrier. Variant 2 saves more energy than variant 1.
The methodology has acceptable impacts to voice call quality. In most scenarios, it is good above the 95% soft target. Especially in low load and medium load, the percentage of satisfied user is greater than 98.77%, which means the value of X still has a potential increase. In busy hour load case, even reference case cannot completely meet a 95% target. Variant 1 is better choice. It is slight worse than reference case.
For the handover issue, both variants have decrease in total handover number. Mobile station may prefer to stay in previous cell, because the average power of BCCH carrier in neighbor cells decreased. Variant 2 has much stronger impact to network performance than variant 1, especially in busy hour load scenario. Variant 1 only has a slight increase compared to reference case.
To sum up, the value of X still has some potential decrease for low load and medium load case. Variant 1 has fewer impacts to network performance, but Variant 2 saves more energy. Variant 1 has much better performance than variant 2 in busy hour load scenario. It is suggested to apply variant 1 to urban area base stations and apply variant 2 to country area sites.
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