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1. Introduction

During RAN4 meeting #52bis, there was discussioway forward for Rel’9 idle mode reselection [1]wlas concluded that
RAN4 should try decide on which enhancements shbeldonsidered in release 9 based on evaluatias pBlper presents
results for the performance of Out-of-Service iadiien (in idle mode) with both (Rel’'8) RSRP-based & SRQ-based Out-of-
Service detection mechanism.

2. Out-of-Service (Oos) Simulations

Out-of-Service (O0S) is defined in 36.133, sectlah 1.1 as follows:

If the UE has evaluated in N, consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S, the
UE shall initiate the measurements of all neighbour cells indicated by the serving cell, regardless of the measurement rules
currently limiting UE measurement activities.

If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency,
inter-frequency and inter-RAT information indicated in the system information for 10 s, the UE shall initiate cell selection
procedures for the selected PLMN as defined in [1].

After this 10 s period a UE in RRC_IDLE state is considered to be "out of service area" and shall perform actions according
to[1].

Thus, O0S evaluation is triggered when S-critefarserving cell falls below zero for Nserv consigei DRX cycles. If this
persists for at least 10 seconds, the UE is “otgenfice”.

For these simulations, we have used a only LTE ot study this effect: When a UE detects ous@ivice, it reselects away
and is removed from the simulation.

Since RSRP-based reselection is specified in Rag8s the O0S indication, we evaluate the possiblencements against that.
Further, since one of the reasons for O0S basedquality metric was the presence of CSG cellduatians were done in a
scenario with and without CSG cells.

The following different OoS detection schemes waneulated:
1. 0Oo0S based on RSRP threshold (Rel’8-compatible nmesima reference case)
2. 0o0S based on RSRP or RSRQ threshold (I.e. Oofjgeted when either metric becomes bad enough)

* Since RSRQ is dependent on load on intra-frequeatly, two different loading options were consider®ne
where macro cells are fully loaded all the timej ane where there is partial load.

3. 0o0S based on RSRP threshold + frequency barriagRel'8 but UE bars the frequency and reselects/drmm it
when a non-allowed CSG cell is detected)

When UE detected an OoS in the simulations (iter d0s in bad conditions), it would select to &eotfrequency layer for the
duration of the simulation. Frequency barring walelled similarly: When UE detected a CSG cell thas 3 dB better than
the current serving (macro) cell, the frequencyanee barred and UE reselected to another frequawey.lin effect, both OoS



and frequency barring resulted in UE being remofren the simulation. After this, a new UE would &entually generated
to the simulation.

The intent of the simulations was to compare caagalnst the rest, and to figure out answers tdalh@wing questions:

« Does adding RSRQ to OoS evaluation criterion helgetecting interference problems? How load-depandiges the
measure become?

* How easily is OoS detected when there should beomerage problems?

« How do the different OoS metrics behave in the gmee or absence of CSG cells? Is there a differaate how the
metrics should be set depending on knowledge of €8IS?

* How easy is it to set the OoS-threshold for RSRIRQS Can the same value be used regardless of droalfs
knowledge of) the presence of the CSG cells?

3. Simulation scenario

The used scenarios were 3GPP macro Case 1 (5%itllsSD 500 m, see Figure 1) and a scenario aioly both macro and
indoor cells (see Figure 2 for the overall layond &igure 3 for the single CSG hotspot buildingolaty where the CSG hotspots
were approximately 83 meters apart and macro 1SDrb@vas utilized. With 37 CSG hotspots in the sdenghere are roughly
12 CSG hotspots within the area of each of theiastieNBs. The penetration loss of 20 dB, used nllyrima3GPP Case 1
propagation, was modified to 0 dB for the CSG sdendhe indoor cell propagation formula calcuapenetration (=wall)

loss already separately, so having the macro paijmaginclude a penetration loss would have reduhgoo good separation of
interference for the indoor CSG cells. The exatilpas calculation is detailed in Appendix B.

In CSG hotspot case, A CSG hotspot contains foildibgs with CSG cells located inside, i.e. eackspot as 4 CSG cells.
Two different UE placements were simulated, by fioigran ‘hotspot’ area within which the UEs were gexted: First hotspot
was placed close to a macro BS (‘close-by CSG bt)spnd second on the macro cell-edge (‘cell-e@G&S hotspot’).

In the Case 1 scenario both 3 and 30 km/h UE vidsoivere simulated, but in macro-indoor scenaniy 8 kmph was
simulated. All UEs were operating in idle mode,hnset background level of interference assumeddéh ease, but each UE
was scheduled once every 10 seconds to obtairréodtoon of the SINR for hypothetical paging megsa

The measurement interval for RSRP and RSRQ was t38ind the measurement filtering was over 2 measemt samples.
No measurement error was used for RSRP or RSRQumazaents. Qhyst was set to 3 dBya3earcrvas not used in any of the
simulations, i.e. it was set high enough that usen® not limiting their measurements at any pditatving Sasearcvould
complicate the analysis further, and it is assuthatlOoS should be detected at such levels thategcwould not apply in any
case.

To study how the presence of CSG cells affecth® detection and possible even threshold settiagglected to study two
different CSG hotspot cases: In the first case(8& hotspot area is placed close to the macrpasellin the second case the
CSG hotspot was placed roughly on the cell edgheomacro cell coverage. These cases were desigrspadt simple
differences that arise due to the different ref@pwesition within the macro cell, i.e. to show howch the macro cell DL signal
strength affects the results.

The load of both the CSG cells and macro cells warging during the simulation: Both had, by defaalvariable load that
corresponds to roughly 50% PRB activity. This waslelled with a Markov chain so the on average gheas 100ms of
activity followed by 100ms of inactivity and so on,



Figure 1. Case 1 scenario
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Figure 2. Macro scenario with CSG hotspot Figure 3. Building with indoor CSG cell within CSG
hotspot

4. Simulation results for Case 1 scenario

Although in reality there should be no OoS detediif the network coverage has been well planieday be difficult to

figure out how to assign the OoS detection thratskolthat no unnecessary OoS detections happerCasgeel simulations
were done to find out suitable range for the RSFERR Oo0S detection threshold values. The valuesidlguset so that in the
typical Case 1 Macro scenario, where there shogllgdond coverage everywhere, very few OoS deteckiappen. Figure 4,
Figure 5 and show the proportion of calls with Qlefections with a range of threshold values for R&Rd RSRQ based OoS
detection schemes, while Figure 6 shows the prapoaf OoS detections calls with combined RSRP+RSR(J detection
scheme.
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Figure 4. Macro case, Proportion of calls with O88S based Figure 5. Macro case, Proportion of calls with O08S based
on RSRP. on RSRQ.
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Figure 6. Macro case, Proportion of calls with O68S based
on RSRP+RSRQ.

With RSRP, simulated threshold values larger ti&#%-dBm seem not very reasonable: High number & @etections happen
despite the absence of coverage problems. SimilalyRSRQ based detection, threshold values woektirio be lower than -
10dB, For he combined RSRP+RSRQ scheme showshibet t/alues, chosen in isolation, work well togethe

Note that in with some threshld values, there aveen®0S indications with 3 kmph than 30 kmph UBoe#l. With higher
velocity UE do not stay in bad conditions long egioto trigger Oo0S..

From the results, it is seen that with RSRP basexshold lower than -110 dBm or RSRQ threshold tavan -15 dB, OoS
indications happen in about 1% of calls on averagese threshold values were selected to be udedfier simulations with
CSG hotspot cases. Since the presence or abse@&tells should not affect the macro cell configjon, the same
threshold values ought to apply in both cases.

SINR distributions are given for the aforementiogades are given Figure 7 to Figure 12. These show no obvious
differences between the schemes, even for unreblgo®®S threshold values. This is as expected $here are no coverage
problems in the scenario, and a very robust MCSusas for sending the paging messages. Thus albtEs coverage.
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Figure 7. Macro case @ 3 km/h, paging SINR CDF.

Oo0S based on RSRP.
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Figure 9. Macro case @ 3 km/h, paging SINR CDF.

OoS based on RSRQ.
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Figure 11. Macro case @ 3 km/h, paging SINR CDF
0Oo0S based on RSRP+RSRQ.
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Figure 8. Macro case @ 30 km/h, paging SINR CDF.

0Oo0S based on RSRP.
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Figure 10. Macro case @ 30 km/h, paging SINR CDF.

OoS based on RSRQ.
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Figure 12. Macro case @ 30 km/h, paging SINR CDF

Oo0S based on RSRP+RSRQ.



5. Simulation results for Macro scenario with CSG cells

The layout of each hotspot is shown in Figure 8c&ithe CSG cells within the hotspots were plansidié buildings, the
simulations were also run so the buildings werduthed but the CSG cells were deactivated, i.eQ86 cells were completely
silent, not sending even reference symbols. Thisdame to find any bias in the OoS detection intoed by the buildings

affecting the propagation conditions compared &phre Macro case in section 2.2.

We first consider how many Oo0S detections happehdrclose-by hotspot (hotspot 1 in the figureghwhe chosen range of

threshold values, both with and without activateii3cells. These results are shown in Figure 13goré 16.

For the close-by CSG hotspot,. the RSRP+RSRQ scisaise to detect the presence of the CSG ceile well, although the
guestion remains whether the OoS indications desaat or not. Neither the pure RSRP-based sclwerttee RSRP+barring
scheme results in no OoS detections in any ofithalated cases, but in the barring case, thiséatse barring it typically

detected earlier than Oo0S.
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Figure 15. Close-by Hotspot, full macro cell loRdoportion
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Proportion of calls with Oos for the cell-edge Ipotisare show in Figure 17 to Figure 20. The cefjesHotspot case is more
challenging for the RSRP+RSRQ scheme. The OoStéxdel sometimes even when the CSG cells are tigatsd, though
this is dependent on the used threshold valuelzere taire not extremely many detections. Decredss&SRQ threshold
further down to -16dB reduces amount of thesedbet not remove them completely. Similarly, the am@f barring
increases with the cell-edge hotspot since the €8Gnay become stronger than the macro cell mfiemoThe proportion of
barred calls for each threshold value is shownigfe 21.
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Figure 17. Cell-edge hotspot. Proportion of calihwoS.
0o0S based on RSRP
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Figure 21. Proportion of barred calls in each CSG hotspot, RERS and RSRP reselection with barring

Next, a comparison of the success rate of pagiaghow often UE is able to receive sent pagingsags) is shown in Figure
22. Although all cases have success rate of >~8BRP-+barring has the best performance with botsplobicases. These are
taken from the cases with RSRP threshold = -110 dBchRSRQ threshold = -14 dB.
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Figure 22. Paging success rate for RSRP, RSRP+RSRQ (2 differacro loads) and RSRP+barring

Finally, we look at the locations where Oo0S detextiwith RSRP+RSRQ and barring with RSRP+barrimgpba. These are
shown in Figure 23 - Figure 32. These results show close to the hotspot the baring/OoS detectdrappening, and is there
a detection also elsewhere in the scenario.

Figure 23 - Figure 26 show results for the celletgtspot. With RSRP+RSRQ, the detections areraték limited within the
buildings or close to them. In case the CSG cefisdaactivated, there are also some unnecessarg@e&ions, as shown in
Figure 19, happening at random positions.
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Figure 23. Cell-edge Hotspot, inactive CSG. O0S locationsFigure 24. Cell-edge Hotspot, active CSG. OoS locations with
with RSRP+RSRQ 00S, variable macro cell load RSRP+RSRQ 00S, variable macro cell load
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Figure 25. Cell-edge Hotspot, inactive CSG. OoS locationsFigure 26. Cell-edge Hotspot, active CSG. OoS locations with
with RSRP+RSRQ 0Oo0S, full macro cell load RSRP+RSRQ OoS, full macro cell load

Results for the close-by hotspot are show in it to Figure 30 for RSRP+RSRQ based Oo0S. Thetédmis are better
limited within the buildings than in the cell-edgase.
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Figure 27. Close-by Hotspot, inactive CSG. OoS locations Figure 28. Close-by Hotspot, active CSG. OoS locations with
with RSRP+RSRQ 0O0S, variable macro cell load RSRP+RSRQ Oo0S, variable macro cell load
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Figure 29. Close-by Hotspot, inactive CSG. OoS locations Figure 30. Close-by Hotspot, active CSG. OoS locations with
with RSRP+RSRQ 00S, full macro cell load RSRP+RSRQ 0o0S, full macro cell load

To compare the OoS detection locations againgbaineng locations, Figure 31 and Figure 32 showftbguency barring
locations. It can be seen that the barrings atatesi quite well so that they happen only arourdGi$G cells.
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Figure 31. Close-by Hotspot, active CSG. RSRP+barring, Figyre 32. Cell-edge Hotspot, active CSG. RSRP-+barring,
Barring locations Barring locations

6. Conclusion

We have shown results comparing the OoS detectitindifferent options: Pure Rel’8-based scheme, R&Rhanced scheme
(i.e. OoS detection based on both RSRP and RSR®@)wo different macro cell loading options andafly Rel'8-scheme with
frequency barring.

Any proposed addition of RSRQ to the suitabilititeria needs to be signalled in a consistent wagsacall radio access
technologies, including UTRAN and GERAN. If thisriet done then ping pongs may occur eg if an E-UNRA&Il is
considered suitable in GERAN or UTRAN mode base@®8RP, but after the reselection is initiated iihtuout to be unsuitable
based on RSRQ. Hence the needed signalling chamgesroducing RSRQ suitability thresholds areubhbt to be significant,
and not limited to RAN activities. Therefore thenbéits provided by introducing the RSRQ should aeetully weighted.

The results show that while RSRQ-enhanced schealgésto detect the presence/absence of the CEHGtbelre are some
unnecessary OoS detections when the CSG cell igrasént. The macro cell load affects this someyvdiate fluctuations in
the RSRQ may cause O0S to happen unnecessarilye\WomRSRP+barring is also able to detect the GSIGesence equally
well or better, without being load-dependent.

The results indicate that RSRP+RSRQ is able toctl€leS in most cases, however no significant benefere observed
compared with RSRP+barring. Furthermore in termgagfing performance RSRP-+barring was providing peformance. In
view of the significant additional specificatiorfat and system information payload overhead goai RSRQ suitability
thresholds in E-UTRA, UTRA and GSM system inforraatiour view is that compelling benefits would néedbe identified to
consider specifying such a scheme. By contrastsjpkeification of RSRP + barring requires no chang8ERAN or UTRAN
system information.
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Appendix A: Simulation parameters

Featur e/Par ameter Value/Description
Bandwidth 10 MHz
IFFT/FFT length 1024
Duplexing FDD
Number of sub-carriers 600
Sub-carrier spacing 15 kHz
Resource block bandwidth 180 kHz
Sub-frame length 1ms
Reuse factor 1
Number of symbols per TTI 14
Number of data symbols per TT 11
Number of control symbols per TTI 3
3GPP Macro Cell Scenario Cell layout 57 sector8%9
Inter site distance (ISD) 500 m
Minimum distance between UE and 35m
cell site
Antenna pattern 70-degree sectored beam
Modified Macro-indoor scenario Cell layout 6 macsails + 37 indoor cells
Macro ISD 500 m

Distance-dependent path loss

Macro cell model (3.848B)

128.1 + 37.6lagr)

Indoor model (Cost 231 multi wally,n
is the number of walls crossgd

38.4 + 20 logy(r) + nyLy

Lw 15dB
Shadowing standard deviation 8 dB
Shadowing correlation between 0.5/1.0

cells/sectors

Multipath delay profile

Typical Urban

UE Velocity

RSRP and RSRQ Measurement

Receiver diversity
Number of UEs/active cell
Number of UEs
Interference load

Measurement period
Measurement bandwidth
Measurement error
Sliding window size
Qhyst

Macro scenario
Macro-indoor scenario

3, 30 kmph (30 kmph was only used
pure macro cases)
1280 m

6 RBs
0dB
2 samples
3dB
2RX MRC
20 (42GslifEthe whole network)
300 UEs
Variable load, 50% on average

(also a case with RSRP+RSRQ Oo$%

in

A%

with 100% load)

Appendix B: Pathloss calculations in macro-indoor scenario

The pathloss calculation used in simulations depamdthe eNB location. The macro eNBs are assumédve 15m antenna
height and located outdoors, while the indoor cedls 2m antenna height and are located indoorspfdpagation models are

as follow:



Macro cell model is separated to outdoor and indcoadels:
e 128.1+ 37.61l0og10( R) for 15 m antenna heightt@@ar macro cell)
e 143.9+ 39.7 logl0( R) for 2 m antenna height ¢gldcell)
e No penetration loss (see below)
Indoor model (Cost231 multi wall)
e 38.4+201l0ogl0(R) + nwLw

e Nw is the number of crossed walls, and Lw is thd leas for one wall

The pathloss calculations depend on both the UEeAillocations:

BTS and UE outdoors: (Outdoor) Macro cell model

BTS and UE indoors in same house: Indoor model

BTS outdoors and UE indoors: (Outdoor) Macro neldel + external wall loss

BTS indoors and UE outdoor: max ( Indoor model temal wall loss, Indoor macro cell model + extémall loss )

BTS indoors and UE indoors, but in different housedoor macro cell model + 2 * external wall loss



