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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

The present document is intended the capture the output of the Study Item on Hetnet mobility improvements for LTE.
The study aims to look at various mobility improvements such as possible improvements to support seamless and robust mobility of users between LTE macro to pico cells in Heterogeneous networks, better strategies to identify and evaluate small cells, handover performance with and without eICIC features, improvements to re-establishment procedures etc.  It is also expected to consider these in the context of Carrier aggregation in Home eNodeBs.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 36.133: "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management".

[3]
3GPP TS 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2".

[4]
3GPP TS 36.814: "Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA physical layer aspects"

[5]
3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification"

[6]
R2-11xxxx-Attachment “Email discussion [75#36] attachment: Hetnet Mobility Hotspot Calibration Results”, RAN2 #75bis, Zhuhai, China..
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

<ACRONYM>
<Explanation>
4
General
Seamless and robust mobility of users from LTE macro to small BTS-layer, and vice versa, should be supported to enable offload benefits.  The objectives of the study as captured in the study item description document [RP-110438] are:
-
Identify and evaluate strategies for improved small cell discovery/identification. (RAN2)

-
Identify and evaluate HetNet mobility performance under established Rel-10 eICIC features e.g., Almost Blank Subframe (RAN2, RAN1 if requested by RAN2)

-
Further study and define automatic re-establishment procedures that can help improve the mobility robustness of HetNet LTE networks. Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account. (RAN2, RAN3)

-
Robust mobility functionality under various supported assumptions for the availability of UE measurements (including DRX functionality) shall be ensured/taken into account as well as UE power consumption and complexity (RAN2, RAN4)

-
Further study and define mobility enhancements for Home eNodeBs with multiple carriers (or CA) with CSGs (potentially different CSG on different carriers) (RAN2, RAN3)

The study shall consider both network centric solutions and possible UE assisted enhancements.
5
HetNet mobility performance evaluation
5.1
Simulation study phases

The simulation study will be conducted in two phases:  

In the first phase, a small area focusing on the hotspot around a pico cell is simulated. UE’s are either randomly placed inside this small area or on the edge of the small area. This corresponds to the Hotspot simulation (see section 5.3). With this simple model, large number of different configurations can be simulated within acceptable time.  
In the second phase, a larger area focusing on the system as a whole with a number of macro and pico cells will be simulated for evaluating the impact of the pico cell deployment to the system. This corresponds to large area system model for the UE movement and trajectory (see section 5.4). 

Simulation calibration is done initially for both Hotspot and Large area phases with a pre-defined set of simulation assumptions.  These parameters are captured in sections 5.3.2 and 5.4.5 respectively.  Companies are free to choose other parameters after calibration.
5.2
General Simulation assumptions
This section captures the simulation assumptions that are in general applicable for both Hotspot and Large area simulations unless explicitly modified in the respective sections.
5.2.1
Handover Failure Modelling
For the purpose of HetNet mobility performance evaluations, the Radio Link Failure (RLF) criterion and procedures are employed to determine the handover failure and the following definitions apply:
5.2.1.1
Definition of Handover states

For purpose of modelling, the handover procedure is divided into 3 states as shown in Figure 5.2.1.3-1.
State 1: Before the event  A3 entering condition, as defined in [5], is satisfied;
State 2: After the event A3 entering condition, as defined in [5], is satisfied but before the handover command is successfully received by the UE; and
State 3: After the handover command is received by the UE, but before the handover complete is successfully sent by the UE
5.2.1.2
RLF modelling and definition of RLF states
Definition 1: The occurrence of RLF can be categorized into two distinctive states: state 1 and state 2 of the handover process. 
RLF occurrences in states 1 and 2 should be logged and labelled with the state identifier for studying the impact of the handover related parameter configurations on RLFs and for handover failure calculation. Optionally, the RLFs logged in state 1 maybe further differentiate as true RLF events (due to shadowing or UE out of radio coverage) or handover failure events. RLFs in state 1 under conditions that other suitable cell(s) is available (signal strength (i.e., SINR) stronger than -8dB) may be accounted as a handover failure. 
Definition 2: The RLF performance metric is defined as: the average number of RLF occurrences per UE per second. RLF performance in states 1 and 2 are logged separately.
Note that the final results can be the total number of RLFs averaged over the total simulated UE moving time of all the simulated UEs. It is equivalent to the RLFs per UE divided by averaged total moving time per UE. The time lasted in state 1 and state 2 should not be treated separately.
For the purpose of RLF monitoring, the basic L1 processing configurations in non-DRX mode should be: L1 sample rate is once every 10ms (i.e. radio frame), with the L1 samples filtered linearly over a sliding window of 200ms (i.e. 20 samples) for Qout and 100 ms (i.e. 10 samples) for Qin, respectively.

5.2.1.3
Handover/PDCCH failure modelling

Definition 3: A handover failure is counted if a RLF occurs in state 2, or a PDCCH failure is detected in state 2 or state 3.
For calculating the handover failures for the two states: 

In state 2:  when the UE is attached to the source cell,  a handover failure is counted if one of the following criteria is met:

1) Timer T310 has been triggered or is running when the HO_CMD is received by the UE (indicating PDCCH failure)
 or

2) RLF is declared in the state 2
In state 3: after the UE is attached to the target cell a handover failure is counted if the following criterion is met:

target cell downlink filtered average (the filtering/averaging here is same as that used for starting T310) wideband CQI is less than the threshold Qout (-8 dB) at the end of the handover execution time (Table 5.1.4-1) in state 3.
 

For the purpose of PDCCH failure condition monitoring in state 2: The L1 sample rate is once every 10ms and the L1 samples are filtered by a linear filter with a sliding window of 200ms (i.e. 20 samples).
For the purpose of PDCCH failure condition monitoring in state 3:  The L1 sample rate should be at least two samples during the 40ms (i.e. the handover execution time) and averaged over the number of samples.

NOTE 1:
The handover failure definition 3 above is different from the handover failure definition in TS 36.331 [5]. It serves the purpose of evaluating the handover performance at both serving and target cell while the definition in TS 36.331 [5] is from the UE point of view which only captures the failures in target cell.

NOTE 2:
PDCCH failure condition detection is based on power measurement with the simplified model for saving simulation time to allow the calibration with various sets of configurations and more efficient simulations.

Definition 4: The handover failure rate is defined as: Handover failure rate = (number of handover failures) / (Total number of handover attempts).
The total number of handover attempts is defined as: Total number of handover attempts = number of handover failures + number of successful handovers. The number of handover failures is in Definition 3.
Figure 5.2.1.3-1 and Figure 5.2.1.3-2 show examples of the triggering of the handover failures due to detected PDCCH failure condition and RLF condition.


[image: image3.emf]RLF timer T310

Would be T311

Radio prolem 

detection 

CQI< Qout 

T310 started

TTT

HO Execution 

Time

Would be 

Radio Link 

failure

HO 

command

HO 

complete

HO Prep. 

Time

HO failure

State 1

Radio link 

monitor process

HO 

process

Reset T310 

Bad link 

condition 

detected

Bad link 

(CQI<Qin)

Would be T310

Event entering 

condition

State 2

State 3

Measure

ment 

report 

triggered


Figure 5.2.1.3-1: A handover failure is declared when the criterion 1) is met in state 2.
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Figure 5.2.1.3-2: A handover failure is declared when the criterion 2) is met in state 2.
When a UE tracks RLFs according to TS 36.300 [3], Qout is monitored with a 200ms window and Qin is monitored with a 100ms window (as specified in TS 36.133 [2]). Both windows are updated once per frame, i.e. once every 10 ms with the measured wideband CQI value.
The RLF and HO failure modelling related parameters are shown in the table 5.2.1.3-1 below:

Table 5.2.1.3-1: The parameters for determine the RLFs and the PDCCH failures.

	Items
	Description 

	Qout
	-8 dB

	Qin
	-6 dB

	T310
	1s (the default value in 36.331)

	N310
	1

	T311
	Not used for calibration (since RLF recovery is not simulated in the calibration)

	N311 
	1


5.2.2
Ping-pong Modelling
The time that a UE stays connected with a cell after a handover is used as the metric to evaluate the ping-pong behaviour. The “Time of stay” in a cell A is the duration from when the UE successfully sends a “handover complete” (i.e. RRCConnectionReconfigurationComplete)-message to the cell 1, to when the UE successfully sends a “handover complete” - message to cell 2. The minimum time of stay connected with a cell models the time needed to allow a UE to establish a reliable connection with the cell, plus the time required for conducting efficient data transmission. If a UE makes a handover from cell1 to cell2 and then makes a handover back from cell2 to cell1 (i.e. the original source cell in the first handover), and the time connected to the cell2 was less than the minimum-time-of-stay (MTS), it is considered as a ping-pong. In general, if the UE’s time-of-stay in a cell is less than MTS, the handover may be considered as an un-necessary handover. 

Definition 5: A handover from cell1 to cell2  then handover back to cell1 is defined as a ping-pong if the time-of-stay connected in cell2 is less than a pre-determined MTS.
The examples of counting the Ping-pongs are shown in the Figure 5.2.2-1.
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Figure  5.2.2-1: Ping-pong modelling.
Definition 6: Ping-pong rate is defined as (number of ping-pongs)/(total number of successful handovers excl. handover failures).
Recommended MTS value to be used for the simulation is 1 second.

The distribution of “time-of-stay” (CDF) should be collected for study of the ping-pong behaviour.
Whenever there is a handover failure, the time of stay should not be logged. For the case of handover failure time-of-stay is not defined currently and is FFS.
5.2.3
Typical Radio Parameter Configurations

The recommended simulation parameter values are based on TS36.814 [4] and are shown in the following Table 5.2.3-1.

Table 5.2.3-1: Basic radio configurations for the HetNet mobility simulation

	Items 
	Macro cell 
	Pico cell

	ISD
	1.732 km, 500m
	

	Distance-dependent path loss 
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors
	19/57
	1

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of Shadowing

NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	25 m
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 [4]
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 [4]

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10Mhz 
	2.0Ghz/ 10Mhz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814 [4].


5.2.4
HetNet mobility specific parameters 

The following table captures the additional recommended HetNet mobility specific parameters:

Table 5.2.4-1: HetNet mobility specific parameters

	Items
	Description

	Pico cell placement
	At fixed location(s) e.g., at 0.5 ISD, 0.3 ISD on the boresight direction. Or randomly placed.

	Cell loading (NOTE 1) 
	100%, 50%

	UE speed 
	3 km/h, 120km/h, 30km/h, 60km/h 

	Channel model 
	Either one of the models, TU or ITU, could be used. (fast fading included)

	TimeToTrigger  [ms]
	40, 80, 160, 480

	a3-offset [dB]
	-1, 0, 1, 2, 3 

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133 [2]
	200ms (other values could be added later)

	Layer3 Filter Parameter K
	 4, 1, 0

	measurement error modelling
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB can be used (ref: TS36.133 [2])

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms


NOTE 1:
The percentage of cell loading means the percentage of the total resource blocks being used in a cell during a given period of time. There are no difference between DL interference generated by full buffered background users and full power transmission in N% RB.
Fast fading is included in the simulation since it may have a big impact to low speed UE’s handover performance.
It should be noted that TS36.331 [5] requires that the time characteristics of the L3 filter to be preserved by scaling the K value when the sample period is less than 200ms.
5.3
Specific assumptions for Hotspot simulation
5.3.1
UE Placement and Trajectories for hotspot simulation
Regarding to the UE placement and trajectories, two different approaches are allowed for small area simulation (Hotspot model):
1)
In a trial, a UE is randomly placed on the edge of the hotspot around the pico cell. Then the UE moves straight in a randomly picked direction within an angle toward the pico cell. A trial is finished when the UE hit the circle on the other side.

2)
Alternatively, UEs are initially randomly dropped within the hotspot around the pico cell. Then the UE moves in a random direction in a straight line. When UEs reach the edge of the hotspot it will bounce back in a random direction but UE movement is restricted to be within the hotspot.
As an example of the first approach shown in Figure 5.3.1-1, the pico is placed at the 0.3 ISD from the eNB on the bore sight direction. A circle is drawn with pico cell center location as its center and 200m as the diameter. A UE is placed randomly on the circle and let it move towards the pico at random angle with in +/- 45 degrees with the radius. The UE doesn’t change the direction and the speed until it reaches the circle then start another trial (equivalent to that the UE is initially placed in the circle at any location then moves straight in a random direction and bounces back at the circle with a random angle).
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Figure 5.3.1-1: Pico placement and the mobile trajectories for mobility simulation at hot spot.

5.3.2
Additional Simulation assumptions for Hotspot calibration
The calibration for the hotspot is conducted to ensure companies adopting the same basic simulation assumptions such that the simulation results are comparable and repeatable.
For simulator calibration purposes, the following sets of the configuration parameters in Table 5.2.6-1 are used for the first phase of simulation. The simulation results will be captured in this TR document for reference.

Table 5.3.2-1: Configuration parameter sets for simulation calibration
	Profile
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	UE speed [km/h]
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}

	Cell Loading [%]
	100
	100
	100
	100
	100

	TTT [ms]
	480
	160
	160
	80
	40

	A3 offset [dB]
	3
	3
	2
	1
	-1

	L1 to L3 period [ms]
	200
	200
	200
	200
	200

	RSRP L3 Filter K
	4
	4
	1
	1
	0


In the Table 5.2.3.-1, the number of pico cells in the sector of interest is 1. Pico cell placement for simulation calibration: 0.5 ISD on the boresight direction.
For calibration purpose, although the macro-to-macro handovers should be simulated, logging the macro-to-macro handover related metrics is not required. However, it is allowed to log macro-to-macro handover results separately from the macro/pico results, but the macro-to-macro handovers shall not be included into the total number of handovers for macro/pico HO failure rate calculation.
For calibration purposes, a hotspot diameter of 200 m will be used.

T311 is not used since RLF recovery is not simulated in the calibration.
When either a HO failure or a RLF is detected, the UE will be removed from the simulation.  Essentially, here this means that the UE is generated again (as a new call) after a failure.

5.4
Additional assumptions for large area system simulations
5.4.1
Improved HO failure and RLF modelling
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Figure 5.4.1-1: Modelling of Handover failure in state 2 for large area simulations
HO failure in state 2 can have two reasons; this text focuses on the first criterion in Definition 3, section 5.2.1.3 (i.e., Timer T310 has been triggered or is running when the HO_CMD is received by the UE (indicating PDCCH failure)). When this criteria happens, the UE is not removed from the simulation and T310 is kept running. Until expiry of T310, if the RLM measurement is above Qin, the UE will be back to state 1 with the source cell and have its T310 stopped and reset to zero. If the RLM measurement is not above Qin, T310 will expire and cause an RLF (see Figure 5.4.1-1). This RLF will have a reason code of HO failure. Note that this is in addition to the HO failure counting as per definition 3 in section 5.2.1.3.In large scale simulation, the RLFs with the reason code of HO failure should be logged separately from the conventional RLFs.
RLF recovery should eventually be modelled in large area simulation after the calibration. Companies should have the flexibility to choose a realistic RLF recovery model.
5.4.2
Handover performance metrics for HetNet large area evaluation 

In general, the performance evaluation metrics adopted for hot spot simulation can be also used for large area system simulation.
In the large area simulation, the impact of the handover failures to the system performance depends on how often the handover and handover failure occured. If handover rarely occur, even if handover failure rate is high, the impact of the handover failure to the system is still very limited. On the other hand, if the frequency of handovers and handover failures are high, the impact to the system performance will be much bigger. Therefore, time factor should be introduced as the large area simulation performance metric. The generic metrics are defined as the follows:
Definition 7: The total number of handover failures per UE per second is defined as the total number of handover failures averaged over the total travel time of all the simulated UEs.
Definition 8: The total number of successful handovers per UE per second is defined as the total number of successful handovers averaged over the total travel time of all the simulated UEs.
NOTE:
Based on definitions 7, 8 the relative handover failure rate defined in definition 4 can be derived as:
The handover failure rate = (The total number of handover failures per UE per second) / (The total number of handover failures per UE per second + The total number of successful handovers per UE per second)In order to observe the HetNet mobility behaviour thoroughly, handover performance results should be logged separately for macro to macro (macro-macro), macro to pico (macro-pico), pico to macro (pico-macro) and pico to pico (pico-pico) handovers. The overall aggregated results should also be obtained. More specifically the following additional metrics for large area HetNet mobility simulation should be used:
1.
The number of macro-pico handover failures per UE per second. 

2.
The number of pico-macro handover failures per UE per second. 

3.
The number of macro-macro handover failures per UE per second. 

4.
The number of pico-pico handover failures per UE per second.

5.
The total number of handover failures per UE per second.
6.
The number of successful macro-pico handovers per UE per second.

7.
The number of successful pico-macro handovers per UE per second.

8.
The number of successful macro-macro handovers per UE per second.
9.
The number successful of pico-pico handovers per UE per second.

10.
The total number of successful handovers per UE per second.

11.
The macro-pico handover failure rate = (The number of macro-pico handover failures per UE per second) / (The number of macro-pico handover failures per UE per second + The number of successful macro-pico handovers per UE per second).

12.
The pico-macro handover failure rate = (The number of pico-macro handover failures per UE per second) / (The number of pico-macro handover failures per UE per second + The number of successful pico-macro handovers per UE per second).

13.
The macro-macro handover failure rate = (The number of macro-macro handover failures per UE per second) / (The number of macro-macro handover failures per UE per second + The number of successful macro-macro handovers per UE per second). 
14.
The pico-pico handover failure rate = (The number of pico-pico handover failures per UE per second) / (The number of pico-pico handover failures per UE per second + The number of successful pico-pico handovers per UE per second).

15.
Overall handover failure rate = (Total number of handover failures per UE per second) / (Total number of handover failures per UE per second + Total number of successful handovers per UE per second).
It is beneficial to simulate the macro only system and the results could be used as the reference for comparison with the results from HetNet simulation. The relative results against the macro only system is useful. Comparing the absolute results among the companies is also important to minimize the variance.
5.4.3
The Definition of Short-ToS Rate

The "Time of stay" in a cell A (as captured in section 5.2.2) is the duration from when the UE successfully sends a "handover complete" (i.e. RRCConnectionReconfigurationComplete)-message to the cell 1, to when the UE successfully sends a "handover complete" - message to cell 2. In fact, as long as a UE-stay with a cell meets ToS < MTS regardless of the cell from which UE was handed in or the cell to which it was handed out, it has negative performance impact to the system performance. Therefore any short time of stay is an un-necessary stay and it should be classified as a short-ToS.
The more generic Short ToS metrics are defined as follows:
Definition 9: A Short ToS is counted when a UE’s time-of-stay in a cell is less than a predetermined minimum time-of-stay parameter (MTS), i.e. a UE with ToS<MTS.

Definition 10: A Short ToS rate is defined as the number of Short ToS occurrences divided by the number of successful handovers. I.e. 

Short ToS rate = (number of Short ToS occurrences)/(total number of successful handovers)

Definition 11: Short ToS per UE per second is defined as the total number of Short ToS occurrences divided by total number of the UEs simulated and averaged over the total simulation time.

It is mandatory to log the CDF of ToS for large area simulation. The CDF of ToS should be logged separately for the ToS with pico and macro.

5.4.4
UE Placement and Trajectories and cell placement for large area simulation

Companies are allowed to use either wrap around or bouncing circle model. When submitting results, companies should state which model is used.
For wrap-around approach, the simulation area (within the contour of wrapping-around area) should include at least 2 tiers of macro sites.

For the bouncing approach, the simulation area within the bouncing circle should include at least 1 tier of complete macro sites. Only the results from the inner tiers of the macro sites will be logged, including all the outer border area of the sites and complete picos on the macro border if any.
For both wrap around model and bouncing model, a UE at any cell in the simulation area should experience the interference from two tiers of macro cells.
After initially dropped at a random location, the UE will randomly select a direction and move in straight line at a constant speed till hitting the simulation border.

For the wrap around model, when the UE hit the simulation border (the wrap-around contour), it will be wrapped around and entering the simulation area from a different point on the wrap-around contour
For the bouncing circle model, when the UE hit the simulation border (the bouncing circle), it will bounce back with a random angle.

5.4.5
Additional Simulation assumptions for Large area  calibration

This section provides additional simulation assumptions for Large area calibration.  Companies have freedom to choose different/additional configurations after calibration.
5.4.5.1
UE Placement and Trajectories and cell placement for large area simulation calibration

For the calibration of large area HetNet mobility simulation, a fixed pico placement pattern is adopted as is shown in Figures 5.4.5.1‑1 and 5.4.5.1‑2, with each macro site associated with 6 picos. Each of the picos are placed at the center point on the border between two macro eNB at 0.5 ISD. This pico placement leads to 3 picos per macro eNB coverage. It duplicates the pico placement for the hotspot calibration over the entire simulation area. The change compared to hotspot calibration is the smallest. It will be easier for data comparison.  The random pico placement could be chosen by companies later on.
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Figure 5.4.5.1‑1: Macro and pico cell placement in the wrap around model for calibration.
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Figure 5.4.5.1-2: Macro and pico cell placement in the bouncing circle model for calibration.
The macro and pico placement shown in Figure 5.4.5.1‑1 is adopted for calibration with the wrap around model..  A simple macro and pico cell placement is suggested for calibration/common approach. 2 tiers of 19 macros with picos are placed at the middle of macro/macro cell borders. 

The macro and pico placement shown in Figure5.4.5.1‑2 is adopted for calibration with the bouncing model. For the bouncing approach, to save the simulation time, it is suggested to have the simulation circle size of 1.8 ISD. The time-of-stay when a bounce occurs is not logged.
The macro cell ISD is 500 m.
For large area simulation calibration, when a simulation is started, a UE is randomly placed in the simulation area initially. It is assumed that UEs are uniformly distributed over the simulation area. Non-uniform placement maybe consider later on (FFS).
Since RLF recovery is not modelled for large area calibration, a UE is taken away when HO failure occurs in state 3 or an RLF (both with and without the reason code of HO failure) occurs.
The set 3 of the configuration parameters used in hotspot calibration (in Table 5.3.2-1) is adopted for large area simulation calibration.  A UE speed of 30 km/h is adopted for calibration of large area HetNet mobility simulation.  Companies are free to choose additional configuration sets or speeds after the calibration phase.

5.5
Simulation results

5.5.1
Hotspot calibration

The calibration results averaged over the results from all the participating companies are captured in the following sections. The detailed calibration results from specific companies can be found in [6].
Some initial observations are also made from the averaged results.  However, it should be noted that these are initial findings and no definite conclusions should be drawn from it now
5.5.1.1
RLF results discussion
Table 5.5.1.1-1: Average RLF/UE/s simulation data in state 1 and state 2.
	
	State 
	Speed
	Set1
	Set2
	Set3
	Set4
	Set5

	Total Average of all the companies' results
	1
	3
	1.2E-04
	1.0E-04
	4.5E-05
	2.2E-05
	1.2E-05

	
	
	30
	2.8E-04
	3.7E-04
	5.3E-05
	4.7E-05
	2.8E-05

	
	
	60
	4.1E-04
	5.5E-04
	1.2E-04
	8.0E-05
	4.3E-05

	
	
	120
	6.4E-04
	8.5E-04
	1.4E-04
	1.0E-04
	6.4E-05

	
	2
	3
	5.3E-05
	1.1E-05
	1.1E-06
	3.4E-06
	6.8E-06

	
	
	30
	9.3E-04
	1.7E-04
	7.6E-05
	1.9E-05
	2.0E-05

	
	
	60
	2.1E-03
	5.7E-04
	4.5E-05
	1.7E-05
	3.9E-05

	
	
	120
	5.9E-03
	1.5E-03
	1.0E-04
	7.1E-05
	3.3E-05
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Figure 5.5.1.1‑1: Average RLFs/UE/s curves in state 1.
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Figure 5.5.1.1‑2: Average RLFs/UE/s curves in state 2.
From the simulation results, the following initial findings are observed:
1.
Majority of the companies observed very few RLFs occurrences in most cases. The relatively long T310 timer setting makes the RLF rarely occurring. Many HO failures in state 2 may eventually lead to RLF in the real system but currently they are just logged as HO failures.

2.
The average RLF/UE/s of the all the companies’ results is higher for the higher UE speed.
5.5.1.2
HO failures results discussion
Table 5.5.1.2‑2: Average handover failure rate simulation data in state 2, state 3 and average overall handover failure rate simulation data.
	
	State 
	Speed
	Set1
	Set2
	Set3
	Set4
	Set5

	Average of all the companies' results
	2
	3
	7.448
	3.705
	2.322
	0.853
	0.192

	
	
	30
	36.357
	19.146
	8.393
	2.935
	0.870

	
	
	60
	52.261
	34.502
	14.959
	6.227
	2.040

	
	
	120
	57.158
	48.127
	29.121
	13.749
	4.863

	
	3
	3
	0.058
	0.113
	0.217
	0.310
	0.455

	
	
	30
	0.868
	0.188
	0.466
	0.519
	0.851

	
	
	60
	2.555
	0.445
	0.727
	1.046
	1.680

	
	
	120
	7.200
	1.115
	1.610
	2.764
	3.370

	
	OVERALL
	3
	7.506
	3.818
	2.539
	1.163
	0.647

	
	
	30
	37.225
	19.334
	8.859
	3.453
	1.720

	
	
	60
	54.809
	34.945
	15.683
	7.273
	3.718

	
	
	120
	64.260
	49.196
	30.708
	16.498
	8.219
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Figure 5.5.1.2-3: Average handover failure rate curves in state 2.
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Figure 5.5.1.2-4: Average handover failure rate curves in state 3.
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Figure 5.5.1.2-5: Average overall handover failure rate curves.

From the simulation results, the following initial findings are observed:
1.
Majority of the companies observed the same trend of the simulation results. The variance of some calibration results from different companies is still big.
2.
The UE speed has a significant impact on the HO performance.  The trend of simulation results indicated that high speed UEs suffer much higher HO failure rate than low speed UEs.
5.5.1.3
Ping-pong results discussion
Table 5.5.1.3-3: Average ping-pong rate data from calibration
	 
	 Speed
	Set1
	Set2
	Set3
	Set4
	Set5

	Average over all companies' results
	3
	0.115
	1.841
	14.386
	31.661
	79.960

	
	30
	0.960
	3.370
	10.345
	20.517
	64.489

	
	60
	1.383
	4.671
	11.222
	19.733
	53.256

	
	120
	3.369
	9.911
	16.802
	24.724
	45.651
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Figure 5.5.1.3-6: Average ping-pong rate curves.
From the simulation results, the following initial findings are observed:
The trend of average simulation results are as expected: the ping-pong rate is relatively high for low speed UEs with configuration set 5. While the ping-pong rate is relatively low for the low speed UEs with configuration set 1 & 2.
Note: the reason of the some of the differences is known. For example, there are some differences on CDF results due to that some companies does not log the ToS whenever the UE hits the bouncing circle while some other companies allow the ToS time continue running and log the ToS when there is bouncing.  If when there is bouncing the ToS is still logged, very long unreal ToS could be logged.     
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� This models  a radio link/PDCCH failure occurring in source cells. This criterion is equivalent to the CQI measurement criterion for triggering the T310 and keeping T310 running.  As a result, the UE measurement report and/or the handover command will fail due to the bad radio conditions and hence a handover failure is declared. If before HO_CMD is issued the long term average wideband CQI is above Qin, we consider the radio link is recovered (equivalent to N311 is set to 1).


� This represents the DL PDCCH failure occurring at the handover target cell. As a result, the UE may not receive the DL RACH response messages after the receiving window is expired; hence, handover failure may occur.
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