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1
Introduction
This paper provides a text proposal to clarify several sections in the HetNet Technical Report ‎[1].
2
Background
The most recent agreed version of the TR 36.839 is v0.3.0 which was created after the RAN2#75bis when the large area simulation assumptions were agreed. The text proposals in this paper are based on this version of the TR 36.839.

3
Discussion
Most of the changes proposed for the TR 36.839 are just editorial in nature and are self explanatory. In section 5.2.2 of ‎[1] since the figure illustrating the ping-pong modelling are using cell labels like Cell A, Cell B etc the text in 5.2.2 that define Time of Stay is also modified to follow this notation.

In section 5.4.3 of ‎[1] the short time of stay is characterized as unnecessary and is negative for the system performance. While this may be the case it is too early to conclude this until the large area simulations are complete and final conclusions drawn from it. So the text here has been modified to only define the short time of stay and remove any conclusions.

The order of the section 9 and section 10 in the TR outline has been swapped to aling with the priority of the study item objectives relative to the two topics covered by these sections. 
4
Conclusion
It is proposed to discuss and agree on the editorial and other clarifications discussed in this document and the text proposals attached to this document.
Beginning of Text Proposal

>>> First Change 

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 differentiated 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.

>>> Next Change
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 A, to when the UE successfully sends a “handover complete” message to cell B. 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 cellB to cellA and then makes a handover back from cellA to cell B (i.e. the original source cell in the first handover), and the time connected to the cell A 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.
>>> Next Change
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 cell 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 cell 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 cell placement and the mobile trajectories for mobility simulation at hot spot.

>>> Next Change
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 A, to when the UE successfully sends a "handover complete" message to another cell. An UE-stay with a cell where the condition ToS < MTS is met regardless of the cell from which UE was handed in or the cell to which it was handed out is considered a short time of stay (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 cell.

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 wrap-around area) should include at least 2 tiers of macro sites.

For the bouncing-circle 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 pico cells on the macro cell border if any.
For both wrap-around model and bouncing-circle 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 wrap around and enter 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 cell 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 pico cells. Each of the pico cells are placed at the center point on the border between two macro sites at 0.5 ISD. This pico cell placement leads to 3 pico cells per macro cell coverage. It duplicates the pico cell 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 cell 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 cell 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 18 macro sites around a center macro site are used with pico cells placed at the middle of macro/macro cell borders. 

The macro and pico cell placement shown in Figure5.4.5.1‑2 is adopted for calibration with the bouncing-circle model. For the bouncing-circle 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 a 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.

>>> Next Change

9
Enhancements to improve mobility robustness in HetNet environment

10
Mobility enhancements for Multi-Carrier (including CA) in HeNBs with potentially different CSGs
End of Text Proposal
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