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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"

3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

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].

Definition format (Normal)

<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 format (EW)

<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 [x].

Abbreviation format (EW)

<ACRONYM>
<Explanatio

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 assumptions
5.1.1
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:
5.1.1.1
Definition of Handover states

For purpose of modelling, the handover procedure is divided into 3 states as shown in Figure 5.1.1-1.  

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

5.1.1.2
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.

5.1.1.3
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 5.1.1-1 and Figure 5.1.1-2 show examples of the triggering of the handover failures due to detected PDCCH failure condition and RLF condition.
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Figure 5.1.1-1 A handover failure is declared when the criterion 1) is met in state 2.
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Figure  5.1.1-2 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 below:

Table  5.1.1-1. 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 (since RLF recovery is not simulated in the calibration)

	N311 
	1


5.1.2
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 following diagrams:
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Number of Ping-pongs = 4

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.
5.1.3
Typical Radio Parameter Configurations

The recommended simulation parameter values are based on TS36.814 [4] and are shown in the following Table 5.1.3-1.

Table 5.1.3-1.  Basic radio configurations for the HetNet mobility simulation

	Items 
	Macro cell 
	Pico cell

	ISD (NOTE 1)
	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(NOTE 2)
	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].

	
	


NOTE 1: 
0.5km ISD is used for calibration simulations
NOTE 2: 
In the Table 5.1.3-1, the number of pico cells in the sector of interest is 1. For the large area system simulation, the number of pico cells could be a variable
NOTE: 
In the large area system simulation, the number of pico cells within a macro cell is FFS 
5.1.4
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 5.1.6).

The calibration with the hotspot model is conducted to ensure companies adopting the same basic simulation assumptions such that the simulation results are comparable and repeatable. 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 5.1.6). 

5.1.5
HetNet mobility specific parameters 

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

Table 5.1.4-1 HetNet mobility specific parameters

	Items 
	Description 

	Pico cell placement
	0.5 ISD, 0.3 ISD on the boresight direction

	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.
NOTE: 
In the large area system simulation, the placement of pico cells within a macro cell is FFS 
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. 
For simulator calibration purposes, the following sets of the configuration parameters are suggested for the first phase of simulation. The simulation results will be captured in this TR document for reference.

Table 5.1.4-2 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


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.
5.1.6
UE Placement and Trajectories

Regarding to the UE placement and trajectories, two different approaches are chosen for small area simulation (Hotspot model) and large area system simulation:

1. Simulation for the “Hotspot” around a pico cell. 

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.  When either a HO failure or a RLF is detected, the UE will be removed from the simulation.
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.  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.
In the first phase of simulation, for calibration purposes, a hotspot diameter of 200 m will be used.
As an example of the first approach shown in Figure 5.1.5-1, 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 5.1.5-1 Pico placement and the mobile trajectories for mobility simulation at hot spot.

2. The large area system simulation

At the very beginning, a UE is randomly placed (or multiple UEs are uniformly distributed) over the entire simulation area with many macro and pico cells and a random direction is selected by the UE. The UE then moves straight in this direction. It does not change direction till it hit the border of the large area for simulation. The UE will bounce back from the border and move toward a randomly picked new direction.

5.2 Simulation results

6. 
Strategies for improved small cell discovery/identification

7.
Automatic Re-establishment procedures for mobility robustness
8.
Performance benefits of enhanced UE mobility state estimation
9
 Mobility enhancements for Multi-Carrier (including CA) in HeNBs with potentially different CSGs

10
Enhancements to improve mobility robustness in HetNet environment
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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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