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BCCH power savings network simulations
1 Introduction

At GERAN#47 a study on BTS Energy Savings was started. The study is aimed at numerous improvements to BTS Energy consumption, of which BCCH power savings is one.

At GERAN#53 some results related to reducing power on the BCCH were presented and included in the TR.

The sourcing company expressed some concerns on the divergence of the results compared to, at the time, preliminary internal results from the sourcing company.

This document evaluates the impact of Average Power Decrease on the BCCH carrier (excluding BCCH/CCCH TS, and also SDCCH(s) TS) to perceived user speech quality and hard blocking.

Also, some comparison and consideration related to the results presented in ‎[5] is performed.

The relative improvement in consumed BTS power consumption compared to the reference case of no average power decrease is also evaluated.

2 Background

In ‎[2], Section 7.1, there is a requirement on the BCCH carrier for GMSK modulation that:

“The BCCH carrier shall be continuously transmitted on all timeslots.

It shall be transmitted without variation of RF level in case all timeslots on BCCH carrier are GMSK modulated”

For modulations other than GMSK there are maximum allowed differences in the output power actually transmitted by the BTS, depending on the modulation used, see Figure 1. 

Figure 1. Maximum allowed difference in output power on BCCH carrier with GMSK modulation as reference.

	
	Modulation
	Output Power 

Decrease

	EGPRS
	8PSK
	4 dB

	EGPRS2-A
	16QAM
	6 dB

	EGPRS2-A
	32QAM
	6 dB

	EGPRS2-B
	QPSK
	4 dB

	EGPRS2-B
	16QAM
	6 dB

	EGPRS2-B
	32QAM
	6 dB

	VAMOS
	AQPSK
	4 dB


It can be noted that the maximum allowed difference today can already be up to 6 dB if using 16QAM or 32QAM modulation. However, this is only allowed for these modulations. 

3 Methodology

3.1 Reference deployment scenarios

The deployment scenarios simulated are taken from table 6.4-1 in ‎[1], also copied to Annex A. 

The limitations in the parameter set in Table 8 for the current evaluation include, unless otherwise stated:

· Frequency band: 900 MHz

· Cell size: 2000 m

· TCH frequency re-use: 1/1

· Traffic scenario: 100% voice

· Speech codec: AFS12.2

· Site configuration 4/4/4

3.2 Power savings methodology

Similar power savings methodology on the BCCH carrier described in table 6.4-1 in ‎[1], with steps of 4 dB and maximum decrease of 12 dB, has been used in the evaluation.

Figure 2. Power savings methodology used.

	Parameter
	Value [dB]

	Average power decrease (APD) for voice
	0,4,..,12
Level chosen according to power control.

	Average power decrease (APD) for dummy bursts
	12


TS7 is backed off at the most 3 dB, according to the current specification, see ‎[2].

3.3 SDCCH

Two SDCCHs channels (in accordance with Table 6.1-2 in ‎[1]) are allocated on the BCCH carrier. No power reduction has been applied to these TSs.
3.4 Time slot and frame alignment

No multi-frame or TDMA frame alignment has been assumed, but only TS alignment in the link level modeling. A random shift of the TS alignment is performed according to Sub clause 6.6.1 in ‎[1].

3.5 Channel allocation

The channel allocation is performed randomly over all available resources in the cells. I.e. there is no priority of for example allocations on the BCCH carrier.
3.6 MS characteristics

The MS characteristics are following the assumptions agreed in ‎[1] (see Sub clause 6.5) for both idle and connected mode, unless otherwise stated.

3.7 Mobile station types

A penetration of SAIC and non-SAIC mobiles of 60 (SAIC)/40 (non-SAIC) has been assumed, according to Sub clause 6.5.8 in ‎[1].

3.8 Link model

The link model described in ‎[3] has been used in the evaluation.

3.9 HO 

Six speech frames are assumed to be lost in every handover. 
Handover failure due to bad radio condition is not modeled in the simulations.

3.10 Radio link timer

The radio link timer is set to 16.
3.11 Simulated directions

Only Downlink direction has been simulated.
3.12 Network load

The load simulated is in accordance with ‎[1]. For the baseline scenario 4/4/4, the load and the denotation used for each load level is shown in Figure 3. 

Figure 3. Load levels used in the simulations.

	Denotation
	L
	M
	BH

	Description
	Low load: 
3x4.2 Erlang 
(20% of BH)


	Medium load: 
3x10.5 Erlang (50% of BH)


	Busy Hour load:

3x21.0 Erlang


3.13 Impact on user call quality

The impact on user call quality has been evaluated according to the agreement in ‎[1] with a minimum target of 95 % satisfied users experiencing call FER < 2% for FR for the reference scenario.
3.14 Network size, simulated number of users and collected statistics
The network size simulated is 108 cells i.e. 9 12-reuse BCCH clusters and 36 1/1-reuse TCH clusters, using wrap-around.
Since there is a significant difference between low and busy hour load a total number of connections, instead of total simulation time, have been targeted. Roughly 40000 connections have been simulated in each point, with each simulation lasting significantly longer than the mean call duration.
It should be noted that, as pointed out in Section ‎4, the quality of the BCCH and TCH layer is significantly different, especially at low MS speed, and thus enough statistics of the BCCH layer is important to determine overall quality. Given the scenario investigated 5 TSs (8 - 2 SDCCH - 1 BCCH/CCCH) on the BCCH carrier is used for traffic, while it is 24 TS on TCH carriers.

Due to the quality difference between the BCCH and TCH layer, the call quality logging has been split between the layers. Since dynamic traffic simulations are performed, users could be allocated on both layers during a call, and thus, call FER statistics collected separately in each layer could have impact when comparing results. It is however felt useful to understand the difference in quality, especially with the strong dependence on quality and load on the TCH layer, whereas this does not exist on the BCCH layer.


[image: image1]
Figure 4. Impact on statistics due to handover between BCCH and TCH layer.

3.15 TRX power profile

A power profile based on measurements on consumed power of a typical TRX has been used to calculate the TRX power savings.
4 Results

4.1 BCCH vs. TCH
In this section the call quality on the BCCH layer and TCH layer is compared. 

The results in this section assume no penalty in terms of lost speech frames at handover and perfect knowledge of the gain between MS and BTS is assumed (i.e. MS characteristics described in ‎[1] is not used). This is to isolate the impact on different parameter settings to changes in radio link quality.
In Figure 5 the C/I-distribution on the BCCH layer and TCH layer is shown for the different traffic loads in Figure 3. It can be seen that the C/I-distribution is greatly impacted by the load as expected, while the C/I-distribution of the BCCH layer is the same irrespective of traffic load. It can also be noted that the distributions are reasonably similar when busy hour load is applied in the system.
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Figure 5. C/I-distribution.

In Table 1 the fraction of users with call FER ( 2% is shown separating users on the BCCH and TCH layer, at busy hour load. As can be seen there is a significant difference in speech quality.
Table 1. Call quality at busy hour
	Layer
	Users with
call FER ( 2% [%]

	BCCH
	80.5

	TCH
	99.8


One important difference between the TCH and BCCH layer is the diversity where no frequency or interferer diversity is experienced on the BCCH layer, and little time diversity is achieved at 3 km/h. In Table 2 it can be seen that the link quality is vastly improved by the increased MS speed on the BCCH layer while the TCH is unaffected by the increased diversity.
Table 2. Call quality on BCCH layer at different MS speed.

	Layer
	Users with 
call FER ( 2% [%]

	
	3 km/h
	50 km/h

	BCCH
	80.5
	96.7

	TCH
	99.8
	99.8


The vast improvement on the BCCH layer is also supported by the specification where for example an 8 dB difference is seen between TU3noFH and TU50noFH for TCH/WFS12.65 in reference interference performance (see table 2j in ‎[4]).
Table 3. TCH/WFS interference requirements from‎[4].
	GSM 850 and GSM 900

	Type of
	Propagation conditions

	Channel
	TU3

(no FH)
	TU50

(no FH)

	TCH/ WFS12.65
	(dB)
	21,5
	14,5

	
	Class Ib (RBER)
	0,08
	0,40

	TCH/ WFS8.85
	(dB)
	20
	11,5

	
	Class Ib (RBER)
	0,11
	0,42

	TCH/ WFS6.60
	(dB)
	19
	10,5

	
	Class Ib (RBER) 
	0,09
	0,16


Based on these results the call quality is split between TCH and BCCH in the following section.
4.2 Results compared to ‎[5]
At GERAN#53 some concerns were expressed by the sourcing company on the results provided in ‎[5], and included in the TR. The main concern expressed were relating to the overall trend of the results that were degrading with increased number of TCH TRXs. In Table 4 the results in ‎[5] are re-produced (rounded to one decimal point).
Table 4. Satisfied users from ‎[5], DL, 1/1 re-use, reference case.
	Site configuration
	Satisfied users [%]

	
	Low
	Medium
	Busy Hour

	S222
	99.7
	99.2
	99.2

	S444
	99.4
	98.8
	96.7

	S888
	98.6
	97.7
	93.4


Based on the results in Section ‎4.1, one would assume that the overall network quality would improve with increased number of TRXs, since the number of frequencies in the defined deployments are increased corresponding to the increase in TRXs, and the fraction of BCCH channels are reduced with increased site configuration.
In the same simulations from the sourcing company, the results are shown in Table 5 for BCCH only. As seen, the statistics on the BCCH layer, as pointed out in Section ‎3.14 seems not to be sufficient to provide stable results since one would expect all values in the table to be identical for the reference case. However, the overall quality can safely be determined to be below that of the TCH layer (Table 6).
Table 5. Satisfied users, DL, 1/1 re-use, reference case, BCCH.
	Site configuration
	Satisfied users [%]

	
	Low
	Medium
	Busy Hour

	S222
	79.5
	78.6
	78.6

	S444
	78.7
	78.5
	79.0

	S888
	78.4
	78.4
	TBD


If call FER is collected when users are on the TCH layer, the quality is vastly improved as shown in Table 6. 
Table 6. Satisfied users, DL, 1/1 re-use, reference case, TCH.
	Site configuration
	Satisfied users [%]

	
	L
	M
	BH

	S222
	99.7
	99.6
	99.3

	S444
	99.8
	99.8
	99.5

	S888
	99.8
	99.8
	TBD


As can be seen, the quality on the TCH layer is somewhat improved with increased number of TRX, as is the overall quality considering that the relative number of channels on BCCH is decreased. 
This is however, not the trend seen in the results of ‎[5]. 
The sourcing company encourages more discussion on this topic to try and better understand the reason for the difference in presented results.
4.3 Performance
4.3.1 AFS12.2, Scenario 4/4/4
In the following section only the 4 TRX/sector scenario is investigated. As can be seen, the backoff has some negative impact on the experienced quality on the TCH layer, as expected, but the rate of satisfied users is still above 99% in all cases.
Table 7. Satisfied users [%]. TCH
	BCCH backoff [dB]
	Network load

	
	L
	M
	BH

	0
	99.9
	99.8
	99.5

	4
	99.9
	99.8
	99.4

	8
	99.9
	99.8
	99.3

	12
	99.9
	99.7
	99.2


On the BCCH layer the quality is generally degraded with increased load, when lower output power is allowed, while the quality is improved with higher backoff. As was observed above, not enough statistics have been collected to see a clear trend, or achieve stable results.
Table 8. Satisfied users [%]. BCCH

	BCCH backoff [dB]
	Network load

	
	L
	M
	BH

	0
	78.7
	78.5
	79.0

	4
	77.4
	76.9
	76.9

	8
	80.8
	79.4
	78.5

	12
	83.5
	82.2
	80.9


The trend is however supported by the C/I distribution on the BCCH layer at different backoff values. I.e. given that the BCCH layer is interference limited, there is an improved experienced user quality with increased backoff allowed. In Figure 8 it can be seen that the C/I-distribution will more resemble a power controlled system, with lower spread in experienced C/I when backoff is used.
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Figure 8. C/I-distribution, BCCH

In Table 9 it is seen that the blocking levels increased with increased BCCH backoff. This is due to the effect that the cell size (BCCH power), will vary depending on the BCCH load. The more users allocated on the BCCH, the bigger the cell. Thus, the traffic distribution in the network will become more spread out, as also shown in Figure 10.
Table 9. Hard blocking levels [%]

	BCCH backoff [dB]
	Network load

	
	L
	M
	BH

	0
	0
	0
	2.0

	4
	0
	0
	2.2

	8
	0
	0
	2.3

	12
	0
	0
	2.7
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Figure 10. User distribution per BS.

The reduction in TRX power consumption (TCH+BCCH) is shown in Figure 11. As expected, the savings are depending on the load and BCCH backoff. It can be seen that the lowering of power has most effect for the first power steps while additional power savings from 8->12 is less, which is expected. 

Figure 11. Reduction in consumed TRX power [%] compared to reference scenario (BCCH backoff = 0 dB) for all TRXs (TCH and BCCH)
	BCCH backoff [dB]
	Network load

	
	L
	M
	BH

	4
	12.1
	11.0
	9.8

	8
	18.4
	16.5
	14.1

	12
	20.8
	18.6
	16.1


4.3.2 Cell overlap and maximum output power decrease
Depending on the cell overlap in the system the impact of power reduction on the BCCH is expected to vary. This was also one of the findings in investigations performed in SMG2 when introducing EDGE, see ‎[6].
This effect has also briefly been discussed within this study, and the following comment is stated in the Annex, taken from ‎[1]:

	BTS output power for BCCH carrier and other carriers 
	43
	dBm
	Other output power levels may in addition be used in the study but need to be indicated. 



Below simulations have been carried out with 39 dBm or 43 dBm as maximum output power. 
The call quality on the TCH layer is presented in Table 7. It is clear that the impact on quality is more severely impacted by a fixed reduction in transmission power, compared to a dynamic power reduction based on user quality.
Table 10. Satisfied users [%]. TCH.

 43 / 39 dBm maximum output power.

	BCCH backoff [dB]
	Network load

	
	L
	M
	BH

	0
	99.9 / 99.4
	99.8 / 99.2
	99.5 / 98.3

	4
	99.9 / 99.5
	99.8 / 99.1
	99.4 / 98.0

	8
	99.9 / 99.4
	99.8 / 99.0
	99.3 / 97.8


5 Conclusions

The document presents some findings from network simulations and compares some results with previously presented results in the study from ‎[5].
It is found that:

· There is a significant difference between the TCH and BCCH quality, especially at low MS speed, 3 km/h, where TCH quality is superior to BCCH quality.

· BCCH quality is in general improved when using BCCH power reduction, due to the possibility of lowered output power, given that the layer is limited by interference.

· BCCH link quality is seen to vastly increase with higher MS speed, due to increased diversity on the radio link, assuming ideal modeling of HO, and neighbor cell measurements.

· Hard blocking is increased with increased BCCH backoff, due to cell breathing effects
· Saved TRX power consumption on site is dependent on load and BCCH backoff ranging from 10-20% for BCCH backoff values between 4-12 dB.

Compared to the results in ‎[5] it is found that:

· Quality on the TCH is generally increased with increased site configuration (not observed in ‎[5])

· BCCH quality is significantly lower than TCH quality at 3 km/h, and thus, with increased site configuration the TCH/BCCH channel rate is increased, leading to improved overall quality (not observed in ‎[5])
Further results and discussion on this topic is encouraged to get an understanding of the difference in the presented simulation results.

It should be noted that no dropped call rate, or handover failure rate has been evaluated, nor has power control on the SDCCH channel been used. Changes to these assumptions could have impact on the presented conclusions.
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7 Annex A

The table below is a copy of the one found in ‎[1] on deployment scenarios. For parameter values not evaluated fully in the table below the limited set is listed in Section ‎3.1.

Table 11. Deployment parameters used (copied from ‎[1])

	Parameter
	Value
	Unit
	Comment

	Sectors per site
	3
	
	

	Frequency Band 
	900 / 1800
	
	

	Cell size 
	2000

500
	m

m
	Coverage layer (900 MHz) as investigated in TR 45.050 Annex Z.B.2.3 for MCBTS

Capacity layer (1800 MHz) as investigated in 3GPP TR 45.913 and 45.914

	BCCH frequency re-use
	4/12
	
	BCCH frequency reuse applied also in WIDER, see 3GPP TR 45.913, and MUROS, see 3GPP TR 45.914, feasibility studies.

	BCCH TS occupation
	TN 0

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

Traffic scenario 2 (Mixed voice/data scenario): 

· for low load / medium term load: 

TS occupation for voice and data flexible

· for busy hour load: 

voice: TN 5...7     

data: TN 1...4
	
	BCCH/CCCH, multiple CCCH not used.

TS for TCH in the voice only scenario excluding TS on BCCH carrier allocated to SDCCH. 
TS for TCH in the mixed voice / data scenario excluding TS on BCCH carrier allocated to SDCCH. 

The SDCCH allocation needs to be described for the candidate technique (see subclause 6.1).

	TCH frequency re-use
	Configuration 2/2/2: 

1/1 for RF synthesizer 
hopping 

3/9
for baseband hopping 
and 



RF synthesizer hopping

Configuration  4/4/4:

1/1
for RF synthesizer 
hopping

3/9
for baseband hopping 
and   


RF synthesizer hopping

Configuration  8/8/8:

1/1 for RF synthesizer 
hopping

3/9 for baseband hopping 

and
RF synthesizer hopping
	
	TCH frequency reuse figures depend on the site configuration under investigation and the frequency hopping type. Site configurations are according to subclause 6.1 .



	Frequency Allocation

Site configuration  2/2/2

Site configuration  4/4/4

Site configuration 8/8/8
	21 frequencies (12 + 9)

39 frequencies (12 + 27)

75 frequencies (12 + 63)
	
	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  2/2/2

Site configuration  4/4/4

Site configuration 8/8/8
	1.8 MHz

5.4 MHz

12.6 MHz
	
	TCH on adjacent freq.

TCH on adjacent freq. 

TCH on adjacent freq. 

	Path loss model
	Okumura-Hata
	
	ETSI TS 102 706

	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
	Other output power levels may in addition be used in the study but need to be indicated. 

	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
	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

Traffic scenario 2
	100 % voice users

70 % voice users, 30 % data users
	
	First priority for evaluation

Second priority for evaluation

Note VAMOS channels are not included for voice.

	Average power decrease (APD) for voice
	0,2,..,APDmax dB

Level chosen according to power control.
	
	

	Average power decrease (APD) for data
	GMSK: 0 dB

8PSK: [4.0] dB
16QAM: [6.0] dB
32QAM: [6.0] dB

(Values from 3GPP TS 45.008)
	
	

	Average power decrease (APD) for dummy bursts
	APDmax dB
	
	

	Speech codecs
	FR: AFS 12.2 and AFS 5.9 HR: AHS 5.9 and GSM HR
	
	FR codecs are evaluated at all traffic load levels.

HR codecs are only evaluated at busy hour traffic load level.  

	DARP phase I  penetration rate 
	Traffic scenario 1: 60%

Traffic scenario 2: 60% for voice, 100% for data
	
	

	AMR codec mode adaptation
	Disabled
	
	

	DTX on DL/UL
	Enabled 
	
	

	Handover
	Penalty in terms of speech frame erasures during handover to be taken into account for DL and UL.
	
	Vendor specific penalty. Aligned to MUROS TR 45.913

	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

	Data traffic model
	- PS data transfer size per session: 100kB

- MCS belonging to GPRS and EGPRS to be used in phase 1 of the study. MCS for EGPRS2 to be used in phase 2 of the study.
	
	In WIDER TR 45.913 FTP service with 1 MB file size has been assumed.  

In GERAN Evolution TR 45.912 FTP service with 100 and 120 kB was assumed aside HTTP traffic.

	Link adaptation
	Enabled  
	
	LA kept vendor specific

	Fading channel profile
	Typical Urban (TU)
	
	

	Paging cycle 
	BS_PA_MFRMS = 4

(4*235.38 ms = 941.5 ms) 
	
	relevant for MS measurements in idle mode.

	Number of cells in neighbour cell list
	12
	
	relevant for measurements in idle and connected mode

	Reselection criteria
	C2 = C1
	
	 Represents the default case in TS 45.008, i.e. no additional parameters for cell reselection are broadcast
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