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Standby Time Analysis for Mobile Devices in
Multi-carrier WCDMA Networks

1. Introduction

With the steady rise in popularity of third generation high-speed wireless data services and
the multifunctional mobile devices that enable them, the daily usage of mobile phones is
expected to grow. As users become more accustomed to anytime-anywhere high-speed
data network access, the battery life of mobile devices will be the major factor limiting
usage time. A recent market research study shows that consumers now fully realize
powerful, new applications require enhanced battery life, and they are demanding
improvements as a priority [1].

There is a great deal of current research regarding battery life improvements. In addition
to battery technology [2], research focuses around various aspects affecting battery
consumption, such as the mobile device size, display [3], [4] and processor [5].

There are also ways of improving battery life by optimizing the radio network
configuration. Some aspects of network configuration have been standardized through
Radio Resource Management (RRM) parameters [6], while others depend on the
particular implementations in the network and in the mobile device (UE) [7]. Reference [8]
contains a summary of UMTS RRM parameters potentially affecting battery life.
References [9] and [10] examine the impact of standardized RRM parameter settings on
the standby time in single-carrier COMA2000 and UMTS networks.

Recently, due to increased trafficc UMTS network operators have started deploying
multiple 5-MHz frequency carriers to provide sufficient traffic capacity to meet the
demand. While significant effort has been made to understand the capacity gains, load
sharing, deployment scenarios and network optimization challenges [8] related to inter-
system [11] and multi-carrier deployments [12], [13], very little work has been done to
understand how such systemsimpact UE battery life.

The objective of this paper is to shed some light onto this topic and provide basic
guantitative guidelines with respect to the impact of RRM parameter settings on the UE
battery life in multi-carrier UMTS deployments. In particular, this paper focuses on the
parameters that affect intra-frequency and inter-frequency cell reselection.

The study performed in this paper is based on measurements collected in commercial
networks. The measurements are input into a simulator platform that mimics the
behavior of a UE in idle mode, subjected to different cell reselection parameter settings.
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2. System Description

In this section, we define the concepts that are the basis of the discussion in the rest of the
paper. This paper considers a network and UE that are compliant to the 3GPP
specifications for UMTS Radio Access (UTRA). The UTRA mode is Frequency Division
Duplexed (FDD) without Hierarchical Cell Structures (HCS) and with two carriers deployed.

2.1. UE Measurements in Idle Mode

The purpose of the UE measurements in idle mode is the identification and ranking of the
serving cell and neighboring cells so that the UE can find and camp on a high quality cell.
Figure 1illustrates the UE sleep cycle in idle mode, which is controlled by the physical layer
functions in the UE, based on system parameters received from the radio network and
handed down to the physical layer by means of the Radio Resource Control (RRC)
protocol layer [6].

< Wake-up mode> DRX Cycle

I< Sleep mode >|
? Paging ? Paging
occasion occasion

full Wake-up full Sleep

start Wake up s tart back to sleep start Wake up

Figure 1: UE Sleep Cyde In Idle Mode (Not To Scale).

During the periodic wake-up times, a UE in idle mode is required to monitor the Paging
Indicator Channel (PICH) time-aligned with paging occasions, and to measure intra-
frequency and inter-frequency neighbors based on the following measurement rules [14]:

o If Squar™ Sintraseary UE does not need to perform intra-frequency measurements;

o If Squat <= Sitrasearch OF if Sirtrasearey 5 NOL sent for serving cell, UE shall perform intra-
frequency measurements;

o If Squar™ Sintersearcty UE does not need to perform inter-frequency measurements;

o If Squat <= Sirtersearch OF if Sirersears IS NOL sent for serving cell, UE shall perform inter-
frequency measurements;

where Sy = Quuaimess — Quuamin Qauaimess 15 the E¢/No (dB) level of the Common Pilot
Channel (CPICH) of the serving cell measured by the UE; Qqqmi is a cell-specific parameter
broadcast by the network; Siyusearch aNd Sizersear are the thresholds for intra-frequency and
inter-frequency measurement triggering in idle mode, respectively, broadcast by the
network [8].
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Once the UE starts measuring neighboring cells, the frequency of the UE measurements
depends on the DRX cycle length (for a two-carrier scenario and a DRX cycle >=1.28 sec,
the UE will perform intra-frequency and inter-frequency neighbor measurements every
DRX cycle [14]).

2.2. Cell Reselection Criteria

The UE will perform cell reselection to the new best ranked cell if the following conditions
apply [14]:
e the new cell satisfies a minimum radio suitability criteria,

e the new cell is better ranked than the serving cell during a time interval T,esetsin
(broadcast parameter),

e more than one second has elapsed since the UE camped on the current serving
cell.

Cell ranking is computed as follows:

Rs = Qmeas.s + thst,s
Rn = Qmeas,n _Qoﬁset,s,n (1)

where R, and R, represent the computed rank of the serving cell and the neighboring cell,
respectively; Qeass aNd Qessn is the measured CPICH quality of the serving cell and the
neighboring cell, respectively; Qs is the hysteresis (dB) to be applied to the serving cell;
Qupretsn is the offset (dB) to be applied to the n-th neighbor cell, broadcast by the serving
cell.

When the above conditions are satisfied, the UE will reselect to the cell with the highest
ranking. The best ranked cell can be either on the same frequency carrier as the last
serving cell (intra-frequency reselection) or on a different carrier (inter-frequency cell
reselection).

Qireassy Qeasyy Qysts AN Qupiersy Will refer to either the CPICH Ec/No or the CPICH Received
Signal Code Power (RSCP) depending on the parameter Quality Measure broadcasted by
the network. In this paper we will use Ec/No as the quality measure, corresponding to
most of the practical cases.

2.3. Battery Life Model

The impact of intra- and inter-frequency reselection parameters, described in Section I, on
the UE battery consumption will be reflected through the number of intra-/inter-
frequency measurements and reselections.

In the first approximation [9] and [10], idle mode UE battery consumption due to a specific
parameter setting scenario can be represented as follows:
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Biot = Brase + Baaa (2)
where
Buase = Toot * lice (3)
Batd = Taga * Lactive = [tmeasilntraF *Rineas_ intrar
+eas intere * Rieas_ intere + Tcr * (RCR_IntraF + RCR_lnten:)]‘ | acive
where

e Iy is the average current drawn by the UE while performing basic idle mode
operations (mostly for serving cell quality monitoring and PICH decoding); /g is
the average current drawn by the UE while performing idle mode neighbor cells’
measurements and reselections in wake-up mode (see Figure 1); T, is the overall
time the UE is in idle mode and T4 is the wake-up time due to neighbor cells’
measurements and reselections.

®  trens ntar s tmeas e, @Nd tg represent the time UE stays in wake-up mode in order
to perform intra-frequency measurements, inter-frequency measurements and
cell reselections, respectively.

®  Rineos intor AN Rieos e are the rates at which the UE performs intra-frequency
and inter-frequency measurements, respectively; Rg o and Rz mer are the
rates at which the UE performs intra-frequency and inter-frequency cell

reselections, respectively.
Furthermore,

tmea\s_lnterF = tPSC ) NNL_InterF +ttune (4)

where tp represents time required to search for and measure the strength of one
neighboring primary scrambling code; Ny, i represents the size of the inter-frequency
neighbor list; t,,. represents the time required to tune from one frequency carrier to
another. Similarly:

tmeas_lntraF = tPSC N

NL _ IntraF (5)

3. Measurements and Simulation Setup

As indicated in Section ll, the frequency of measurements for a certain DRX cycle length is
mainly determined by the parameters S; yeear (for measuring cells on the same frequency
carrier) and S e (for measuring cells on another frequency carrier). Higher value of
these parameters allows the UE to measure the corresponding cells more frequently, and
has more up-to-date information to decide whether to reselect to a new, better cell or
not, using rules described in Section 2.2.
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As a general principle, there is no particular reason to measure cells on another carrier
more often than cells on the same carrier SO Siierseah < Sitrasearay 1S @Ssumed, as typically
configured in real systems.

The Qualcomm-developed system level simulator [10] and [11], is used to analyze the
impact of different parameter settings on battery consumption. The simulator imports
radio channel information from measurements collected in a dual-carrier urban
commercial deployment (one-to-one 2x2.1 GHz carrier overlay, mixed stationary and low-
speed mobility conditions) and emulates UE behavior in terms of intra-frequency and
inter-frequency measurements and cell reselections for different parameter setting
scenarios.

Figure 2 describes the setup of the simulator.

Parameter Simulation Parameters

SErEEE) L Extraction (e.g., Network Loading)

Channel Simulation

. Simulator
Measurement Tuning

Compares simulated results with
measured performance to verify
matching of main quantities

Figure 2: Simulation Setup

Table 1 and Table 2 show the parameter setting scenarios emulated by the simulator and
considered in the analysis.

Thirty two different combinations of Sipeseary Siterseary @Nd inter-freq Queersn Shown in
Table 2 were analyzed, while other parameters were kept constant.

The following additional assumptions were made:
tz =400 milliseconds on average [7]
tre =5 milliseconds

to-=0.3 milliseconds [15]

www.gualcomm.com/esg
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loctie / fete =100 [9]

N IntraF = N InterF = 15

Table 1: Parameter Setting Scenarios

www.qualcomm.com/esg

80-W2626-1RevC

Scenario# Siasearch [AB] Sinerseach [AB] (nmgﬂer)
1,234 16 10,8,6,4 0
56,7,8 14 10,8,6,4 0

9,10,11,12 12 10,8,6,4 0

13,14,15,16 10 10,8,6,4 0
17,18,19,20 16 10,8,6,4 3
21,22,23,24 14 10,8,6,4 3
25,26,27,28 12 10,8,6,4 3
29,30,31,32 10 10,8,6,4 3
Table 2: Fixed Parameters
Parameter Setting
Quievmin -115 [dBm]
Qqaimin -18[dB]
Qnso 2[dB]
Quffetsn (N€ same carrier) 0[dB]
DRX _cycle 1.28[s]
Treselection 1[g]
SsearchRAT 2[dB]
Ssearch_ HCS=SHCS_RAT 0[dB]
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4. Results and Analysis

For the scenarios described in Table 1, two metrics—battery life and the quality of the
camping cell—were thoroughly investigated. Both metrics are related to the frequency of
UE measurements and cell reselections: the more often the UE measures its neighbors
and reselects a better cell, the better coverage quality the UE will experience, but at the
expense of a reduced battery life.

4.1. Battery Life Impact

The battery consumption results shown in this section are expressed in terms of relative
battery consumption increase:
+Tadd2 _lactive
Btot, 1= (Bbase+ Baddz)_lz Ttot  lidle
Btot, (Bbase+ Badd, ) 1+ Tadd, lactive
Ttot  lidle (6)

assuming Scenario 9 (Spyusearch / Sitersearch /INter-freq Qe = 12/10/0) as reference scenario

(Bygg) for this study.

Figure 3 shows the percentage of idle mode battery consumption increase for Scenarios 1
through 16 (Qupets, for inter-frequency neighbor cells =0 dB).

40%

20%

Reference Scenario 9

,,/*///*//././

-20% —

-40% T T T
4 6 8 10
Sintersearch

% of increase in battery consumption w.r.t. Scenario 9

| —o-Sintrasearch=16 —®-Sintrasearch=14 —&Sintrasearch=12 —< Sintrasearch=10 |

Figure 3: UE Battery Consumption Increase, Relative to Scenario 9, as a Function of Siusecrch 0N Siersecrch fOr
Scenarios 1 through 16.

www.gualcomm.com/esg
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The following observations can be derived from Figure 3:

e Avariation (increase) of 2 dB in S results in a relative battery consumption
increase of 5% (max).

e Avariation (increase) of 2 dB in Sy results in a relative battery consumption
increase of 10% (Max), for Siese = 6 dB, while no relevant change is noted
below 6 dB. The large impact of (high) Si s Values is expected given the setting
of Interfreq Qupesn = 0 dB, which would make inter-frequency reselections
relatively easier (compared to larger values).

Figure 4 shows the percentage of idle mode battery consumption increase for Scenarios
17 through 32 (Qupetsn for inter-frequency neighbor cells =3 dB).

40%

20%

0%

% of increase in battery consumption w.r.t. Scenario 9

-20% S I —
-40%
4 6 8 10

Sintersearch

‘ —e—Sintrasearch=16 —#®Sintrasearch=14 —4—Sintrasearch=12 —< Sintrasearch=10 ‘

Figure 4: UE Battery Consumption Increase, Relative to Scenario 9, as a Function of Siusecrch 0N Siersearch fOr
Scenarios 17 through 32.

The following observations can be derived from Figure 4:

® Sy IMpact on battery consumption is very similar to Figure 3, as expected
given the negligible correlation between intra-frequency measurements and
reselections (governed by Siuseary and the Intra-freq Qupesn) and the Inter-freq

Qofects
®  Sieseor IMpact on battery consumption is not very significant, i.e., less than 5%
over the entire Siersearn SiMmulated range (4-10 dB). This is mostly due to the fact
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that Interfreq Qurasn = 3 dB makes interfrequency reselections harder
(compared to a value of 0 dB), thus the effect of S e, WoUId be limited to inter-
freq measurements.

By comparing results from Figure 3 and Figure 4 you can see an increase of Inter-freq
Qufietsn from 0 dB to 3 dB results in a battery consumption decrease of around 12% for
high Sizerseara Values (8-10 dB), whilst impacts are negligible for lower S ersear Values (below
8dB).

4.2. Impact on RF Quality

The other important cell reselection aspect to consider when optimizing the parameter
settings is the quality of the serving cell, which can be expressed in terms of CPICH Ec/No.
More conservative parameter settings will result in delayed cell reselection and thus lower
serving cell signal quality prior to reselections; analogously, more aggressive parameter
setting will make cell reselection more responsive to the quality of the overall radio
environment. Therefore, the analysis focuses on the impact of parameter settings on the
signal quality immediately before cell reselection occurs.

In Figure 5, the Ec/No of the camping cell, averaged over the last 15 seconds prior to cell
reselection events, is shown for Inter-freq Qu.s, = 0 dB and few selected Sipesearn /
Siersearsy Scenarios. As the figure shows, the impact of S searss N Sivgersear: 1S IoW (almost
NUll for Sipuseary @Nd less than 1 dB variation for Siesar) for those selected parameter
values.

7.6
7.7 - o e —=
@ -7.8
S,
2 79
O
Ll
. 8
E A A A A
S 81
o
3 8.2
2
s -8.3
£
® \(
O 84
-8.5
16 14 12 10

Sintrasearch [d B]

\ —=-Sintersearch=10 A Sintersearch=8 —>Sintersearch=6

Figure 5: Camping Cell Ec/No (Averaged Over Last 15 sec. Prior to Reselection) for Qupesn for Inter-Frequency Cells

of0dB.
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In Figure 6, the Ec/No of the camping cell, averaged over the last 15 seconds prior to cell
reselection, is shown for Inter-freq Qupets, = 3 dB (SAMe Siztrusearh / Sitersearsn ScENarios as in
Figure5).

Results are similar to Figure 5, i.e., the impact of S;yuserch AN Singersearas 1S loW. Furthermore, a
comparison between Figure 5 and Figure 6 shows that the impact of Qs (0 vs. 3dB) on
cell quality is insignificant: less than 0.7 dB for Siesent=10, negligible for lower Siesernch
values.

-7.6

-7.7

-7.8

-7.9

-8
-8.1

-8.2

-8.3 P P P =

-8.4

Camping cell quality - Ec/No [dB]

-8.5

-8.6

16 14 12 10

Sintrasearch [d B]

\ —#-Sintersearch=10 Sintersearch=8 = Sintersearch=6

Figure 6: Camping Cell Ec/No (Averaged Over Last 15 sec. Prior to Reselection) for Quen for Inter-Frequency Cells

of3dB.

Figure 5 and Figure 6 in combination with Figure 3 and Figure 4 allow quantifying the
tradeoff between the serving cell quality and battery consumption due to parameter
settings. Figure 7 and Figure 8 summarize such trade-off for few selected scenarios:

®  Varying Sitersearh and Inter-freq Qe for a given Sipmsearn (Figure 7);

o varying Inter-freq Qupesn With different “Sppesearch = Sinersearss” COMbinations (Figure
8).

In Figure 7 and Figure 8, same shape markers are used to represent the same settings of
Shtresearch AN Siperseqren PArameters, filled markers correspond to an Inter-freq Qe value of
0dB while markers with nofilling correspond to an Inter-freq Qe, value of 3 dB.

Results shown in both figures are normalized with respect to Scenario 9 (Sisasearch / Sitersearch

[Inter-freq Quetsn = 12/10/0).
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% of increase in battery consumption w.r.t. Scenario 9
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-12%
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O
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Figure 7: Battery Consumption And Serving Cell Ec/No as a Function Of Siptersecec and Qe s for Inter-Frequency

Neighbors, Relative to Scenario 9.
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Figure 8: Battery Consumption and Serving Cell Ec/No as a Function of Siuusecrch» Sitersecrch N Qugiessn for Inter-
Frequency Neighbors, Relative to Scenario 9.
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Looking at the graph in Figure 7, the following conclusions can be derived where S ersear IS
setabove 6dB:

e  Lowering Si e results in high battery gain (~10% every 2 dB step) and minimal
cell quality loss (0.4 dB every 2 dB step).

e  Quimpact s also significant on battery gain (up to 12% for 3 dB increase in case

Of Siisearch / Siersearsn = 12/10) and minimal on Cell Quality (< 0.6 dB for 3 dB
variation in Q).

No relevant impacts are observed for low values of S;ersearh-

With regard to Figure 8, the following additional observations can be made:

e High Siasearc AN Sirtersears (> 10 dB) increase battery drain (up to 20% for 2 dB step)
but have minimal effect on cell quality.

e  For high Simsearh aNd Siersearey Values (>10 dB), Qu.r impact is very large on battery
(~ 35% gain for +3 dB offset) while it is minimal on cell quality (~ 1 dB gain for +3 dB
offset).

4.3. Summary of Results for Typical Scenarios

Table 3 summarizes and compares the results for a few selected parameter setting
scenarios, listing battery consumption and cell quality relative to Scenario 9 (Siyasearen = 12
dB, Siersearrn = 10 dB and Inter-freq Quets, = 0 dB) derived from the plots shown in the
previous sections.

Table 3: Summary Comparison Of Typical Parameter Setting Scenarios
(Quopietsn =0, Relative to Scenario 9)

Parameters Note Battery drain Serving cell
(Sintra/Sinter/Qoff) Increase Ec/No
16/10/0 +8% +0.1dB
Higher Sintra
14/10/0 +5% 0dB
12/12/0 +24% +05dB
Higher/Lower Sinter
12/8/0 -10% 04dB
16/16/0 +53% +0.8dB
High Sintra=Sinter
14/14/0 +45% +0.6dB
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5. Conclusion

In this paper, we analyzed and quantified the impact of intra-/inter-frequency cell
reselection parameter settings, Namely Siypsearchy Sitersearsy aNd Inter-freq Qupetsn, ON the idle
mode UE battery life and camping cell quality in multi-carrier UMTS networks. The
simulation results indicate that the fine tuning of a few cell reselection parameters has the
potential to considerably improve UE battery life with minimal or no degradation in
serving cell quality Ec/No. In particular:

e 2 dBdecrease in Siiusearch AN Sierseray CAN iNCrease stand-by time up to 25%.
¢ 3dBincreasein Inter-freq Qupe can increase stand-by time up to 35%.
e Cell quality (Ec/No) impact is minimal, ranging from O to 1 dB.

Future work will focus on analyzing the impact on UE stand-by time due to different
network or traffic environments/conditions, other cell reselection parameters
(intra-/inter-frequency, inter-system and HCS), and parameter trade-offs related to inter-
frequency load balancing (using idle mode cell reselection) and Femto-cell (or Home
NodeB) deployments.
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