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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 IFBAN4 [3] asking WG4 view on the issue. This essuas
discussed in RAN4 meeting #51bis and RAN4 sendporese LS to RAN2, indentifying that RAN4 will $tilontinue
discussing certain open issues. A contributiorepgmining the performance of different options aftlling the
interference issues in mixed carrier CSG deploysiantl non-allowed cells was submitted to RAN4 meeti5 1bis.
In this contribution we continue to evaluate thefgenance of different options for handling theeirierence issues
related to mixed carrier CSG deployments. We haatuated additional re-selection algorithm proposefd] and
also evaluated different load conditions.

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 evaluatingetieell and
for making the actual cell selection and cell resbn decisions. In the simulations the UE makB&®R measurements
with predefined period (“measurement interval”) eTdollected measurement results are then non-aaheeveraged
over a predefined sliding window (“measurementqutii. It is also assumed that cells are automayicidtected by

UE, thus no cell search procedure is modelled.

These studies have been done in a combined madgos€&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 totabafhacro 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 ofteacilding is
depicted in Figure 2. The building walls do nottries users’ mobility but they do affect the sigmabpagation. 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 Iagadsvaried to see the performance of each algorithdifferent
kind of conditions in the network. Although thesmuslations are used to evaluate idle mode perfoomaall UEs are
sending one packet per 10 seconds to have an &stianahe Signal-to-Interference-and-Noise-Ra8t\NR) UE
would have in downlink when starting a call.

Four different inter-frequency handover algorithens simulated and compared to each others. Theithlgs are
presented in the next sub-sections. When comparteetprevious contribution [6], only the algoritinibased on
proposal in [7]) is a new one and the others azesime ones used earlier.

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 atiéére is another cell that is better than absdhreshold
(Snonsenvingcell > Threshnign) on highest priority frequency layer, UE perforeneell 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
(Sservingcen< Threshening 0w and another cell is better than another absstwéshold (Sonservingcei
Thresh o) On a lower priority frequency layer cell, perforeselection to lower priority frequency layer cell

2.2 Reselection algorithm 2 (*Old” RSRP and RSRQ)

RSRP and RSRQ based cell selections and reseleetierdone according to following criteria (basedteria
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> Thresb,highAND RSRanServingCell,x> Qqualmir) 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 thresholg {§cei< Quuami) and another cell is better than
another absolute threshold,{Seringcen Threshow) 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 (RSR{Qeringcel x> Quamin ON & 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 > Threshnign) on highest priority frequency layer, UE perforensell reselection to that cell

2. If another cell is Qhygbetter 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 absdueshold (Sonservingcel, x>
Threshow) On a lower frequency layer cell, perform resetecto lower priority frequency layer cell

4. |If the UE is camped on the highest priority frequefayer, and the cell with the strongest RSRPrista
allowed CSG cell, then move to the lower priordlyér and bar the highest priority frequency layer f
Tharre300 seconds.

2.3 Reselection algorithm 4 (“New” RSRP and RSRQ)

This algorithm is a combination of first (RSRP) a&tond (“Old” RSRP and RSRQ) (based on criterig@sed in
[7]):

1. When the cell with strongest RSRP is a non-a&@SG cell, reselection algorithm 2 is used.

2. When the cell with strongest RSRmh@ a non-allowed CSG cell, reselection algorithm tiged.
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3. Simulation results

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

Two different transmission power levels were usaddSG cells, 8 dBm and 20 dBm. Also two differ&83G cell load
conditions were considered; constant load with 1@@%sation and varying load with average 50% rese

utilization. For macro network resource utilizatidour different load conditions were used: consg26%, 50% and
100% loads and variable load.

3.1 Initial threshold setting

To enable some level of comparability, an attermgs wiade to select the RSRP and RSRQ thresholdseailonable
values suited to the scenario under evaluationtieresults shown in this section the CSG cellgrdevel of 8dBm
or 20dBm was used with either constant 100% orimgripad (with average 50% resource utilization).

In [6] we evaluated different RSRP and RSRQ thrilshwere evaluated to identify suitable settingtfa further
analyses. In this contribution we evaluated furtherRSRQ thresholds assuming RSRP threshold 80B®. In [6]
the RSRP level of -109dBm was found to give woldtRSresults in mixed layer, but to minimize the riven of
reselections. As the difference in terms of obs#¥NIR was rather small between the different REREIs, and in
case of two equal coverage layers it would seent re@evant to keep the number of re-selections lbwas chosen to
use lowest RSRP threshold of -109 dBm.

Figure 3 and Figure 4 show the SNIR levels from lelsimulated scenario for CSG cell power level8dBm and
20dBm with constant CSG load assuming different R3Resholds. Similar curves for varying load dreven in

Figure 5 and Figure 6. Furthermore, FiguEeror! Reference source not found.and Figure Brror! Reference

source not found.show the amount of inter-frequency reselectiote/den the frequency layers when different RSRQ
thresholds are also applied (i.e. using the resefealgorithm in section 2.2.). It can be seernt R8RQ threshold -7dB
provides the best SNR distribution and that -9d®thold comparable in most scenarios. Higher oefaiwesholds
result worse SNR distribution. As these two thrédsioesult the highest amount of re-selectionsais decided to use



also threshold of -11dBm in further evaluationgjites somewhat worse SNR distribution, but redolieer amount of
inter-frequency reselections.
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3.2 Comparison of different schemes at constant CSG cell load

In this section we evaluate the performance of thfierent schemes in the scenario described itise2. The RSRP

threshold only case together with RSRP and RSR€3tmid case is compared to RSRP together withrigasiimilarly

as in [6]. Also the modified algorithm proposedh has been evaluated. Different load conditiaorsnfiacro cells has
been assumed. This evaluation is done with sedédfatent RSRQ thresholds to account the feedbackived in last

meeting.

Figure 9 to Figure 14 show the SNIR distributiondd the evaluated algorithms and thresholds ditferent macro
cell loads when CSG cell load is constant (100%)) teeinsmission power either 8dBm or 20dBm. For harning
based algorithms (e.g. algorithms 1, 2 and 4) Idwegshold results lower SNR distribution. The SNiBtributions
also become worse as macro cell load is increasetithe difference between different thresholdsdsiced for RSRQ
based algorithms. The SNIR distribution only foe tiigher layer is shown at Figure 15 to FigureT2@& amount of
observed re-selections from higher priority to loywseority frequency layer are shown in Figure 2fFigure

23Error! Reference source not found.Error! Referencesource not found. It can be seen that lower threshold
results fewer reselections for each of the re-iele@lgorithms as expected.

When comparing the RSRQ based algorithms, e.gusimg RSRQ always (Alg. 2) to one using it only wi@&SG cell
is strongest (Alg. 4), some improvement can be g@&NR distribution with Algorithm 4 when macraala is small
(25%). However the performance is always worse tharRSRP with barring. Based on these curvesibeaseen that
the algorithm 4 e.g. RSRP with barring gives thst lperformance in terms of SNR with all loading figurations and
CSG transmission powers.

1 please note that the bar for RSRP only algorithithh ¥£09dBm is not visible as it is practically aer
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Figure 9. All SINRs ( Macro load: constant 25% CSG

load: constant 100% CSG TxP 8dBm)

Figure 10. All SINRs ( Macro load: constant 25%
CSG load: constant 100%, CSG TxP 20dBm )
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Figure 11. All SINRs ( Macro load: constant 50%, C&

load: constant 100% CSG TxP 8dBm)

Figure 12. All SINRs ( Macro load: constant 50%,
CSG load: constant 100%, CSG TxP 20dBm )
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Figure 13. All SINRs ( Macro load: constant 100%,
CSG load: constant 100% CSG TxP 8dBm )

Figure 14. All SINRs ( Macro load: constant 100%,
CSG load: constant 100%, CSG TxP 20dBm )
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Figure 15. High prio. net. SINRs ( Macro load: consnt
25%, CSG load: constant 100% CSG TxP 8dBm )

Figure 16. High prio. net. SINRs ( Macro load: consnt

25%, CSG load: constant 100% CSG TxP 20dBm )
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Figure 17. High prio. net. SINRs ( Macro load: consnt
50%, CSG load: constant 100% CSG TxP 8dBm )
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Figure 18. High prio. net. SINRs ( Macro load: consnt

50%, CSG load: constant 100% CSG TxP 20dBm )
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Figure 19. High prio. net. SINRs ( Macro load: contant

100%, CSG load: constant 100%CSG TxP 8dBm)
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Figure 20. High prio. net. SINRs ( Macro load: conant

100%, CSG load: constant 100%CSG TxP 20dBm )
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3.3 Comparison of different schemes at varying CSG cell load

In this section we evaluate the performance offloeementioned re-selection algorithms in the sdertescribed in
section 2 with varying CSG load. As in Section @f2erent load conditions for macro cells have bassumed while
also looking different thresholds for the RSRQ lobalkgorithms.

Figure 24 to Figure 29 show the SNR distributiomrsthe algorithms with different macro loads. Samimpact due to
the macro cell load can be seen also for the ari@BG load cases as in constant load. Distribstiononly the
higher priority layer are shown in Figure 30 to ttig 35 Amount of the inter-frequency re-selectifsosn higher
priority layer to lower priority frequency layereashown in Figure 36 to Figure’38
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Figure 24. All SINRs ( Macro load: constant 25%, C&
load: variable, CSG TxP 8dBm )

Figure 25. All SINRs ( Macro load: constant 25%, C&
load: variable, CSG TxP 20dBm )
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Figure 26. All SINRs ( Macro load: constant 50%, C&
load: variable, CSG TxP 8dBm )
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Figure 27. All SINRs ( Macro load: constant 50%, C&
load: variable, CSG TxP 20dBm )
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Figure 28. All SINRs ( Macro load: constant 100%,
CSG load: variable, CSG TxP 8dBm )

Figure 29. All SINRs ( Macro load: constant 100%,
CSG load: variable, CSG TxP 20dBm)
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Figure 30. High prio. net. SINRs SINRs ( Macro load
constant 25%, CSG load: variable, CSG TxP 8dBm )

Figure 31. High prio. net. SINRs SINRs ( Macro load
constant 25%, CSG load: variable, CSG TxP 20dBm )
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Figure 32. High prio. net. SINRs SINRs ( Macro load
constant 50%, CSG load: variable, CSG TxP 8dBm )

Figure 33. High prio. net. SINRs SINRs ( Macro load
constant 50%, CSG load: variable, CSG TxP 20dBm )
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Figure 34. High prio. net. SINRs SINRs ( Macro load
constant 100%, CSG load: variable, CSG TxP 8dBm )

Figure 35. High prio. net. SINRs SINRs ( Macro load
constant 100%, CSG load: variable, CSG TxP 20dBm )
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Figure 36 Number of reselections from high to low
priority layer ( Macro load: constant 25%, CSG load:
variable )
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Figure 37 Number of reselections from high to low
priority layer ( Macro load: constant 50%, CSG load:
variable )
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Figure 38 Number of reselections from high to low

priority layer ( Macro load: constant 100%, CSG load:

variable )

4. Conclusions

In this contribution we have presented further eatbn the performance of different reselectioreseés to avoid
possible interference from (non-allowed) CSG célle evaluation was done in combined macro-CSGasewith
two frequency layers. On both frequency layersdmtbcated macro cells and a number of indoor eedise
introduced to the higher priority layer modellingetCSG cells. The performance of different scheweesevaluated in
terms of number of reselections and observed SHBifRerent CSG cell power levels together with vat&or constant
(full) loads were evaluated together with differtoeds in macro cells.



Based on the results presented it can be seebeabkaperformance in terms of both, SNIR and nurobegselections,
can be obtained with barring based approach, whEreeselects to lower priority layer if the strosgeell at the given
frequency layer is non-allowed CSG cell. RSRQ bagmatoaches results increased number of reselsdietveen
priority layers due to measurement related uncdiés, and is affected by the bursty nature oftithfic load, but does
not provide as good SNIR as the barring based apprarhese results are in line with those presantgg].

Thus accounting also the cell hearability evaluapeesented in [6] in addition to the results pnésé on the
performance of different re-selection algorithnisydould seem that when the UE determines thatttioagest cell is a
non allowed CSG cell, deterministic behaviour (sastbarring) would best achieve the desired behavio
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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 + JT.Q

Distance-dependent path loss

Indoor

37+ 30log i)+ E"kwiw ,

ky is number of penetrated wall ang, [
is wall loss (5 dB)

Shadowing standard deviation 8 dB
Shadowing correlation distance 50m
Shadowing correl_ation 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

A.2 Example of variable loading
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