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1. Introduction

The TR on BTS Energy Savings [1] updated at GERAN#59 with further assumptions on the modelling, includes one candidate solution “BCCH Carrier Power Reduction Methodology” in section 7, that has been previously evaluated [2], [3]. Whilst results for call quality exist, results for savings in output power and cumulated TRX power consumption have not yet been included.
This contribution depicts simulation results from evaluation of the BCCH power saving method described in [4]. Section 2 provides an overview of the simulation model and of the applied power reduction method, section 3 describes the observed performance. Further proceeding is outlined in section 4. 

2. SIMULATION MODEL
2.1 Deployment Scenarios
Among the listed deployment scenarios in [1], the following one was evaluated:
· GERAN only, multi cell, single band, 900 MHz, coverage layer with 2000 m cell radius (intersite distance 3000 m). 
2.2 Site Configurations
The evaluated site configurations from [1] are given in table 1 below.
	Site

Configuration
	Load Profile 1 

Low Traffic Load

(20% of BHT) with

100 % FR codec
	Load Profile 2

Medium Term Traffic Load

(50% of BHT) with

100 % FR codec

	S222
	Scenario A
	Scenario B

	S444
	Scenario C
	-


Table 1: Evaluated site configurations.
2.3 Summary of modelling parameters

The modelling parameters are summarized in table 2.
	Parameter
	Value
	Unit
	Comment

	Sectors per site
	3
	
	

	Frequency Band 
	900 
	MHz
	

	Cell size 
	2000


	m


	Coverage layer (900 MHz) 



	BCCH frequency re-use
	4/12
	
	

	BCCH TS occupation
	TN 0

Traffic scenario 1 (Voice only): TN 1…7


	
	BCCH allocation: on TN0 only. 
TCH allocation: all TS excluding TS on BCCH carrier allocated to BCCH / SDCCH. 
SDCCH allocation:

S(2/2/2): TN 1 of BCCH TRX, operated without power reduction.
S(4/4/4): TN 1, TN2 of BCCH TRX, operated without power reduction.

	TCH frequency re-use
	Configuration S(2/2/2): 

1/1 for RF synthesizer 
hopping 

Configuration S(4/4/4): 

1/1 for RF synthesizer 
hopping 


	
	S(2/2/2): MA length is 9 for hopping channel. 

Bandwitdth restriction is taken into account by loss factor of  3 dB against ideal frequency hopping. Coherence BW for paths in rural area between 2 and 4 km is up to 1 MHz [5].
S(4/4/4): MA length is 27 for hopping channel. 

Bandwitdth restriction is taken into account by loss factor of  0 dB against ideal frequency hopping. 

	Frequency Allocation for 
Site configuration  S(2/2/2)
Frequency  Allocation for 
Site configuration  S(4/4/4)

	21 frequencies (12 for BCCH layer), 9 (TCH layer)
39 frequencies (12 for BCCH layer), 27 (TCH layer)

	
	BCCH frequencies and TCH frequencies separated by 1 guard frequency (0.2 MHz)

	Bandwidth of BCCH layer
	2.4 MHz
	
	

	Bandwidth of TCH layer

Site configuration  S(2/2/2)
Site configuration  S(4/4/4)
	1.8 MHz

5.4 MHz


	
	TCH layer in one frequency block
 

	Path loss model
	Okumura-Hata
	
	ETSI TS 102 706

- rural (cell size 2000 m) 
Short distances are modelled by means of a two breakpoint model with LOS area, LOS-NLOS transition area and NLOS area.      MCL = 59 dB is applied acc. to 3GPP 45.050 for GSM900 small cells.

	Log-normal fading st.dev
	6
	dB
	ETSI TS 102 706

	Correlation distance
	110 
	m
	

	Inter-site log-normal correlation coefficient
	50
	%
	

	Handover margin
	3
	dB
	

	BTS output power for BCCH carrier and other carriers 
	43
	dBm
	

	BTS antenna height
	40
	m
	ETSI TS 102 706

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

	dBi
	UMTS 30.03 (modified from assumption in ETSI TS 102 706)

	BTS feeder and connector loss
	3
	dB
	ETSI TS 102 706

	BTS sensitivity
BTS noise figure
	
	dBm
dB
	implementation dependent

implementation dependent

	MS output power
	31  (GSM 900)
	dBm
	ETSI TS 102 706

	RACH power reduction
	Disabled
	
	

	MS antenna height
	1.5
	m 
	ETSI TS 102 706

	MS antenna gain
	0 
	dBm
	ETSI TS 102 706

	MS sensitivity

MS noise figure
	-104
8
	dBm
dB
	ETSI TS 102 706

	Body loss
	3 
	dB
	ETSI TS 102 706

	Indoor/Outdoor users
	0 / 100 
	%
	Outdoor users are more interesting in a reselection/handover study. This will effectively eliminate the impact of building penetration loss listed in ETSI TS 102 706

	Traffic scenarios 

Traffic scenario 1


	100 % voice users


	
	First priority for evaluation



	Average power decrease (APD) for voice
	0 dB up to X dB in  2 dB steps

	
	Level chosen according to dynamic power control.
See section 2.4 

	Average power decrease (APD) for dummy bursts
	X:= 0 dB, 2 dB, 4 dB, 6 dB, 8 dB
	
	See section 2.4 

	Speech codecs
	FR: AFS 12.2
	
	

	DARP phase I  penetration rate 
	As defined for traffic scenario 1: 60 %
	
	

	AMR codec mode adaptation
	Disabled
	
	

	DTX on DL/UL
	Enabled 
	
	

	Channel allocation strategy
	Description of channel allocation strategy 
	
	See section 2.5 

	Handover
	Penalty in terms of speech frame erasures during handover to be taken into account for DL and UL.
	
	No intra-cell handovers enabled. 

HO penalty size of 6 speech frames assumed for inter-cell handovers. 

	Voice call model
	- Poisson distributed call arrivals and exponential call durations.      - mean call duration: 90 sec   - min. call duration: 5sec. 
	
	Aligned to MUROS TR 45.913

	Fading channel profile
	Typical Urban (TU)
	
	

	Paging cycle 
	BS_PA_MFRMS = 4

(4*235.38 ms = 941.5 ms) 
	
	

	Number of cells in neighbour cell list
	6
	
	

	MS velocity
	3 km/h
	
	 

	User mobility model
	random movement
	
	User moves in random direction.

	Traffic load creation
	according to configured load 
	
	Traffic is generated at a randomly determined location in a cell after random determination of a cell in the network.

	Handling of service area border effects
	taken into account in idle and connected mode. 
	
	User is moved to a location at the opposite side of the service area with similar propagation conditions to continue the call until its end.

	BSIC decoding 
	enabled for neighbour cells in idle and connected mode 
	
	rate of 10 sec in connected mode and 

rate of 5 sec in idle mode.

	Propagation wrap around
	activated
	
	

	Network size
	Cluster of 16 sites (48 cells)
	
	Cluster is repeated for propagation wrap around, cell statistic over 48 cells

	Interference types
	Co-channel and 1st adjacent channel
	
	ACP = 18 dB

	RLF Timeout
	16
	
	

	Simulated time
	20 000 TDMA frames
	
	equals 92.3 sec

	Simulated directions 
	DL and UL
	
	


Table 2: Summary of modelling parameters.
The layout of the simulated network deployment is shown in Figure 1.
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Figure 1: Layout of simulated network deployment for evaluation of BCCH power reduction. Cell statistic area (yellow) and propagation wrap-around shown for one DL co-channel interferer set (red).
2.4 Power Reduction on BCCH carrier

The evaluated power reduction method is based on the description in [4]. 

For idle timeslots on BCCH carrier, different levels of power reduction were evaluated: 0 dB (reference case), 2 dB, 4 dB, 6 dB and 8 dB. An exception is the timeslot preceding the BCCH; a power reduction of 0 dB (reference case) or 2 dB was applied in this case.

For the timeslots carrying the SDCCH no power reduction was applied. 

For TCH channels, a power reduction of 0 dB up to the configured figure X for idle channels was applied in 2 dB steps according to dynamic power control. 

The considered reference case depicts the case of no power reduction on BCCH carrier, whilst dynamic power control is active on hopping TCH layer.

In the evaluation following power reduction settings were thus compared:
· no power reduction on BCCH carrier for idle time slots / TCH time slots (0 dB / 0 dB), reference case;
· a fixed reduction of 2 dB on BCCH carrier for idle time slots and no power reduction for TCH time slots (2 dB / 0 dB); 

· a fixed reduction of X dB on BCCH carrier for idle timeslots and a maximum reduction of X dB for TCH time slots (X dB / X dB) with 2 dB steps on TCH time slots and with X=2,4,6,8.

2.5 Channel allocation strategy

Two different simple channel allocation strategies have been investigated.
Strategy 1: no preference for allocation on BCCH carrier or hopping TCH carrier, random selection of time slot, both on BCCH carrier or hopping TCH carrier.
Strategy 2: preference for channel allocation is given to BCCH carrier, random selection of time slot, both on BCCH carrier or hopping TCH carrier.
3. SIMULATION RESULTS
3.1 Quality difference on BCCH and TCH layer 
As stated at BTSEnergy Telco#12 [6] the reported difference in [3] between BCCH and TCH layer is also observed in our performance evaluation. Figure 2 provides a comparison of the downlink C/I measured for calls on BCCH layer and on the hopping TCH layer for the 2/2/2 site configuration, for low and medium traffic loads (reference case).
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Figure 2: Burst level C/I DL distribution for traffic channels on BCCH layer and TCH layer for low and medium traffic loads and site configuration 2/2/2. 

As can be seen the burst level C/I distribution for non-hopping traffic channels on BCCH layer has a lower spread than for hopping channels on TCH layer. Due to this reason call quality statistics are separately recorded for channels on BCCH layer and on TCH layer. 
3.2 Scenario A: site configuration S(2/2/2) – low load profile
For the low load profile, channel allocation strategy 1 has been evaluated. Level of satisfied users is shown in table 3 for DL and UL, where separate statistics for DL are recorded for traffic channels on BCCH layer and TCH layer. 
	Power reduction 

idle TS / TSTCH
	Satisfied users

DL TCH
	Satisfied users 

DL BCCH
	Satisfied users 

UL TCH
	Handover rate vs. reference
	Call drop rate

	0 dB / 0 dB (ref.)
	96.7 %
	96.9 %
	100 %
	-
	0 %

	2 dB / 2 dB
	96.8 %
	100 %
	98.5 %
	+10.6 %
	0 %

	4 dB / 4 dB
	93.3 %
	100 %
	99.2 %
	-1.9 %
	0 %

	6 dB / 6 dB
	98.8 %
	95.0 %
	98.4 %
	-8.3 %
	0 %

	8 dB / 8 dB
	97.8 %
	95.0 %
	97.7 %
	+0.9 %
	0 %


 Table 3: Satisfied users (Scenario A).
As can be seen the level of satisfied users is always better than 95 % according to the call quality objective in [1]. There is only one exception for the 4 dB / 4 dB power reduction case for the hopping TCH layer, being slightly below this threshold, the reason being investigated. 
No call drop was observed during the simulated time. The number of performed handovers decreases significantly for 4 dB and 6 dB power reduction against the reference case and starts again to increase for 8 dB power reduction. 
The reduction in cumulative output power and overall TRX power consumption per cell is shown in table 4. 
	Power reduction 

idle TS / TSTCH
	Mean cumulated output power per cell [dBm]
	Reduction of cumulated output power per cell [dB]
	Reduction of TRX power consumption per cell

	0 dB / 0 dB (ref.)
	43.2
	-
	-

	2 dB / 2 dB
	41.9
	1.3
	7.3 %

	4 dB / 4 dB
	41.0
	2.2
	12.0 %

	6 dB / 6 dB
	40.2
	3.0
	14.9 %

	8 dB / 8 dB
	39.8
	3.4
	16.0 %


Table 4: Reduction in output power/TRX power consumption per cell (Scenario A).
Reduction in TRX power consumption is observed to go up to 16 %.
3.3 Scenario B: site configuration S(2/2/2) – medium load profile
For the medium load profile, channel allocation strategy 1 has also been evaluated. Level of satisfied users is shown in table 5 for DL and UL, where separate statistics for DL are recorded for traffic channels on BCCH layer and TCH layer. 

	Power reduction 

idle TS / TSTCH
	Satisfied users

DL TCH
	Satisfied users 

DL BCCH
	Satisfied users 

UL TCH
	Handover rate vs. reference
	Call drop rate

	0 dB / 0 dB (ref.)
	91.8 %
	97.0 %
	98.2 %
	-
	0%

	2 dB / 2 dB
	95.6 %
	97.2 %
	98.3 %
	-17.8 %
	0%

	4 dB / 4 dB
	94.6 %
	95.5 %
	97.5 %
	-18.4 %
	0%

	6 dB / 6 dB
	94.5 %
	97.1 %
	99.7 %
	-21.2 %
	0%

	8 dB / 8 dB
	90.1 %
	96.3 %
	98.2 %
	-17.4 %
	0%


Table 5: Satisfied users (Scenario B).
As can be seen the level of satisfied users is always around or better than 95 % according to the call quality objective in [1], except for the reference case and for the 8 dB / 8 dB power reduction case both for the hopping TCH layer where it is significant lower.
No call drop was observed during the simulated time. The number of performed handovers decreases significantly for all power reduction levels (2 dB, 4 dB, 6 dB and 8 dB) against the reference case with a minimum for the 6 dB / 6 dB power reduction case.
The reduction in cumulative output power and overall TRX power consumption per cell is shown in table 6. 

	Power reduction 

idle TS / TSTCH
	Mean cumulated output power per cell [dBm]
	Reduction of cumulated output power per cell [dB]
	Reduction of TRX power consumption per cell

	0 dB / 0 dB (ref.)
	43.5
	-
	-

	2 dB / 2 dB
	42.4
	1.1
	6.4 %

	4 dB / 4 dB
	41.6
	1.9
	10.7 %

	6 dB / 6 dB
	41.0
	2.5
	13.6 %

	8 dB / 8 dB
	40.7
	2.8
	15.6 %


Table 6: Reduction in output power/TRX power consumption per cell (Scenario B).
Reduction in TRX power consumption is observed to go up to around 15 %. 
Hence a similar size of improvement can be achieved as for Scenario A.

3.4 Scenario C: site configuration S(4/4/4) – low load profile
For the low load profile, channel allocation strategy 2 has been evaluated. Level of satisfied users is shown in table 7 for DL and UL, where separate statistics for DL are recorded for traffic channels on BCCH layer and TCH layer. 

	Power reduction 

idle TS / TSTCH
	Satisfied users

DL TCH
	Satisfied users 

DL BCCH
	Satisfied users 

UL TCH
	Handover rate vs. reference
	Call drop rate

	0 dB / 0 dB (ref.)
	97.9 %
	100 %
	98.8 %
	-
	0 %

	2 dB / 0 dB
	98.3 %
	100 %
	99.7 %
	+6.8 %
	0 %

	2 dB / 2 dB
	98.5 %
	99.3 %
	99.4 %
	-45,2 %
	0 %

	4 dB / 4 dB
	100 %
	100 %
	100 %
	-54.6 %
	0 %

	6 dB / 6 dB
	100 %
	100 %
	100 %
	-52.7 %
	0 %

	8 dB / 8 dB
	96.6 %
	100 %
	100 %
	-63.7 %
	0 %


Table 7: Satisfied users (Scenario C).
As can be seen the level of satisfied users is always better than 95 % according to the call quality objective in [1]. 

No call drop was observed during the simulated time. The number of performed handovers decreases significantly with increased power reduction against the reference case. 

The reduction in cumulative output power and overall TRX power consumption per cell is shown in table 8. 

	Power reduction 

idle TS / TSTCH
	Mean cumulated output power per cell [dBm]
	Reduction of cumulated output power per cell [dB]
	Reduction of TRX power consumption per cell

	0 dB / 0 dB (ref.)
	43.4
	-
	-

	2 dB / 0 dB  
	42.4
	1.0
	3.5 %

	2 dB / 2 dB
	42.0
	1.4
	13.6 %

	4 dB / 4 dB
	41.3
	2.5
	16.2 %

	6 dB / 6 dB
	40.9
	2.5
	17.7 %

	8 dB / 8 dB
	40.6
	2.8
	20.6 %


Table 8: Reduction in output power/TRX power consumption per cell (Scenario C).
Reduction in TRX power consumption is observed to go up to around 20 % in this scenario.
4. Conclusion

The sourcing company has provided performance evaluation results for the BCCH power saving method described in [4] related to coverage deployment scenario, site configurations S(2/2/2) and S(4/4/4), for low mobility users and for the voice-only traffic scenario. From these results it can be seen that for similar user call quality the output power and overall TRX power consumption per cell can be reduced in the range of 13…20 %, which is considered to be substantial. Further channel allocation methods will be investigated to identify possible additional gains. Also higher traffic loads will be investigated. From the results obtained so far, it is observed that the BCCH power saving candidate technique depicts an attractive feature for operators in saving OPEX in case of low traffic and medium traffic loads.
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