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1. Introduction

In previous meetings the issue related to mixederadeployment of CS cells has been considerefP]1]This issue
has been raised also in RAN2, which has sent ato IFAN4 [3] asking WG4 view on the issue.

For release 8 E-UTRA reselection, and non allow8&ells, it was concluded in [8] not to changeliakaviour
already specified in 36.304 and RAN4 informed RANZt RAN4 plans to continue to evaluate alternasiofitions
that take into account the DL outage caused byallonved CSG cells and to provide a response to refiease 9 E-
UTRA.

Contributions [6], [7] examining the performancedifferent options of handling the interferenceuiss in mixed
carrier CSG deployments and non-allowed cells teen was submitted to previous RAN4 meetings. ik th
contribution we continue to evaluate the perforneaoicdifferent options for handling the interfererissues related to
mixed carrier CSG deployments.

2. System simulation assumptions

This study has been performed using a fully dynainie driven system simulator which simulates Ud &L
directions simultaneously with a symbol resolutidfe have used RSRP measurements for evaluatinzetteell and
for making the actual cell selection and cell resbn decisions. In the simulations the UE makB&®R measurements
with predefined period (“measurement interval”)eTd¢ollected measurement results are then non-auheeveraged
over a predefined sliding window (“measurementquii. Cell search model has been introduced toetls@gulations,
requiring that the cells Es/lot need to be aboveéB&nd RSRP needs to be above -127 dBm for thésansidered
indentified; Only cells that are identified are rmeed and considered in reselection evaluation.

These studies have been done in a combined madgosC&hario with two frequency layers presentedgurie 1.

Both frequency layers have co-located macro celisthere are CSG cells only on the higher pridager. All users
are located inside an active macro area, whichuated in the middle of three sites with totabafacro cells (area
border indicated with dotted line in Figure 1). tsare able to connect only to the grey cells ia@id in the figure.
The surrounding white macro cells are interferiees they only create same kind of interferencenakile 6 cells and a
UE cannot do cell selection or reselection to them.

Inside the active macro area there are 37 buildiaging uniform separation to their neighbouringdings. UEs
created to the surrounding macro area can entbetbuildings and exit from them. The layout ofteaailding is
depicted in Figure 2. The building walls do nottries users’ mobility but they do affect the sigmpabpagation. A CSG
cell with isotropic antenna is created in the médail each building. The macro and CSG parameterpraisented in
Table 1 in annex.

In the simulations both CSG and macro network Ieadsvaried to see the performance of each algorithdifferent
kind of conditions in the network. Low CSG loadsreveonsidered together with CSG transmission pai/8rdBm.
Although these simulations are used to evaluateriddde performance, all UEs are sending one paeketO seconds
to have an estimate for the Signal-to-Interferemed-Noise-Ratio (SINR) UE would have in downlinkemhstarting a
call.

Four different inter-frequency handover algorithens simulated and compared to each others. Theitalys are
presented in the next sub-sections. Basically thasebe divided to two classes RSRP only or RSRIRER®ithout
barring, and RSRP only or RSRP+RSRQ with barring.



2.1 Reselection algorithm 1 (RSRP)

RSRP based cell selections and reselections areatmording to following criteria (the normal Ret&selection
criteria):

1. If UE is camped to a lower priority layer cell atigtre is another cell that is better than absdhreshold
(Snonsenvingcell > Threshign) on highest priority frequency layer, UE perforensell reselection to that cell

2. If another cell is Qhysbetter than serving cell on the current frequdaggr, perform reselection

3. If UE is camped to a higher priotity frequency lagell and serving cell is worse than absoluteshoéd
(Sseningcel< Threshening 0w @and another cell is better than another absdueshold (nservingcel
Thresh,ow) On a lower priority frequency layer cell, perforeselection to lower priority frequency layer cell

2.2 Reselection algorithm 2 (RSRP and RSRQ)

This algorithm behaves as the first one exceptivthe best suitable cell is found to be a non-ald&SG-cell. In thi
case an RSRP and RSRQ based cell selections aldatemns are done according to following critg¢based on
criteria proposed in [2]):

1. If UE is camped to a lower priority layer cell atiéére is another cell that is better than absdhreshold
(SnonServingCeII,x> Thresk@,highAND RSRanServingCeII,x> Qqualmin) on highESt priority frequency |ayer, UE
performs a cell reselection to that cell

2. If another cell is Qhysbetter than serving cell on the current frequdaggr, perform reselection
3. If UE is camped to a higher priority frequency lagell and

a. serving cell is worse than absolute thresholgd {&cei< Quuami and another cell is better than
another absolute threshold,{ervingcen > Thresho,) on a lower priority frequency layer cell OR

b. serving cell is worse than absolute threshold (R&Rf3cei< Quamin and another cell is better than
another absolute threshold (RSRB@eringcel > Quuamin 0N @ lower priority frequency layer cell
perform reselection to lower frequency layer cell

2.3 Reselection algorithm 3 (RSRP and barring)

RSRP and barring based cell selections and reggleare done according to the following critegarfie as Rel’8 but
added barring criterion):

1. If UE is camped to a lower priority layer cell atigre is another cell that is better than absdhreshold
(Snonsenvingcell > Threshign) on highest priority frequency layer, UE perforensell reselection to that cell

2. If another cell is Qhysbetter than serving cell on the current frequdaggr, perform reselection

3. If UE is camped to a higher priority frequency lagell and serving cell is worse than absoluteshodd
(Ssenvingcen< Threshening 0w @and another cell is better than another absdutshold (Sonservingcel, x>
Thresh,ow) On a lower frequency layer cell, perform reseétacto lower priority frequency layer cell

4. |If the UE is camped on the highest priority frequefayer, and the cell with the strongest RSRPrisma
allowed CSG cell, then move to the lower priordydr and bar the highest priority frequency layer f
Thared300 seconds.

2.4 Reselection algorithm 4 (RSRP, RSRQ and Baxring

RSRP+RSRQ and barring based cell reselectionscare according to the algorithm 2 and in additiorRR®ased
frequency barring is utilized as in algorithm 3.
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Figure 1. Simulation scenario Figure 2 Building laput

3. Simulation results

In this section we present the simulation resuligtie scenario described in previous section.

In the previous contributions [6] [7], plenty ofmilation results have already been presented arfda&dahem have
shown that according to the SINRs, barring alwagsides the best performance. Since it is assutmedhe CSG
cells are to be inactive most of the time, theselts include also cases where the CSG cell loadriglow. However,
the CSG cells are never completely idle becausleeopilots and other broadcast control signallingaddition to the
broadcast transmission, CSG activities of 0%, 10%%0% are simulated. The average continuous #ctiuie is 100
ms and inactivity time is then varied based onatyerage activity time. Macro load is assumed teitleer 50% or
100% meaning that macro base stations are contiihyitransmitting with corresponding load. Theseulegery stable
loading conditions in over all thus the variati@®bserved RSSI level are minimized.

RSRP and RSRP+RSRQ algorithms, with and withouirigrare then compared with each other. Diffelenting
times from 0 to 5 minutes are also considered.imi the number of cases only selected thresha@df®ERP and
RSRQ for these simulations were simulated. RSR&stuid of -97dBm and RSRQ threshold of -7dB weeslu$hese
c provide the best SINRs disctributios(see [7]}hwvilhe down side of providing larger amount of fesgons,
especially for RSRP

Figures from 3 to 8 show the SINRs from all of tases , with the simulation results as expectetielfe is very light
load on the CSG cells, the probability for CSG-ealimterference decreases and there are only diffalences
between the cases. But the more the CSG activibcisased, the worse the SNR distribution getshfercases where
no barring is used. Thus in considered low CSG tmaulitions, even in presence of constant macrel ieterference
the barring improves the performance of both apgrpRSRP and RSRP&RSRQ.
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Figure 3. SINRs (Macro load: 50%, CSG Activity: 0%)

Figure 4. SINRs (Macro load: 100%, CSG Activity:

0%)
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Figure 5. SINRs (Macro load: 50%, CSG Activity:
10%)

Figure 6. SINRs (Macro load: 100%, CSG Activity:
10%)
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Figure 7. SINRs (Macro load: 50%, CSG Activity:

50%)

Figure 8. SINRs (Macro load: 100%, CSG Activity:

50%)




Figures 9 and 10 show the proportion of usersgh Ipiriority network in the end of the simulatioresario, i.e. the
converged user distribution between the networkshfese scenarios. It can be seen that the bamireghas quite big

influence to the proportions.
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Figure 9. Proportion of users in high priority network
in the end of the simulation ( Macro load: 50% ).
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Figure 10. Proportion of users in high priority network
in the end of the simulation ( Macro load: 100% ).

Figures from 11 and 12 present the numbers for-inéguency reselections.

Trend of intra-frequeregelections

also show that barring reduces the re-selectiantszdmparison between schemes is not possibleadiraited set of

thresholds.
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Figure 11. Number of inter frequency reselectionsrébm
low priority to high priority ( Macro load: 50% ).
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Figure 12. Number of inter frequency reselectionsrém
low priority to high priority ( Macro load: 100% ).

4. Conclusions

In this contribution we have presented further eatibn the performance of different reselectioneseés to avoid
possible interference from (non-allowed) CSG célle evaluation was done in combined macro-CSGasewith
two frequency layers. On both frequency layersd¢mtbcated macro cells and a number of indoor vedise
introduced to the higher priority layer modellirgetCSG cells. The performance of different schewasevaluated in
terms of number of reselections and observed SNIR. CSG loads together with constant macro celifoaere
considered in order to evaluate scenarios wher€8t@ interference would be minimal and interferecmeditions




otherwise would be stabile. Only on set of thredholas evaluated, chosen based on previous resuifive the best
SNR distribution.

Based on the results presented it can be seeheakaperformance in terms of SNIR can be obtainéulvarring based
approach, where UE reselects to lower priority talghe strongest cell at the given frequency tagenon-allowed
CSG cell. Due to limited number of evaluated thodds overall re-selection performance cannot béuewed, but
barring shows constant trend of reducing the reesieins.
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Annex

A.1 Parameters

Table 1. Key simulation parameters

Feature/Parameter Value/Description
Operation Bandwidth 10 MHz
IFFT/FFT length 1024
Duplexing FDD
Number of sub-carriers 600
NW synchronicity Asynchronous NW
Sub-carrier spacing 15 kHz
Resource block bandwidth 180 kHz




Sub-frame length 1 ms
Reuse factor 1
Number of symbols per TTI 14
Number of data symbols per TTI 11
Number of control symbols per TTI 3

Simulations Scenario

Combined macro-CSG scenaribligh priority layer: 55 cells (18 macrg

with 2 frequency layers

cells and 37 CSG cells)

Low priority layer: 18 macro cells

Macro cell ISD

500 m

Antenna pattern

Macro cells: 70-degree sectoreaimbe

CSG cells: Omni directional antennag

Distance-dependent path loss

Outdoor

1281 + QD

Distance-dependent path loss

Indoor

37+ Mng , 7+ ka Fous

ky is number of penetrated wall ang, U
is wall loss (5 dB for indoor walls, 1b
dB for outdoor walls)

Shadowing standard deviation 8 dB
Shadowing correlation distance 50m
Shadowing correlgtion between 1.0
macro sites
Shadowing correlation between 0.5
macro cells
Multipath delay profile TU
UE Speed 3 kmh
Receiver 2RX MRC
RSRP Measurement Measurement Bandwidth 6 PRBs

Treselection

Qhyst

Measurement Interval

Measurement Period

1.28 s in idle mode

2 measurement samples
0
3dB




