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Discussion and decision
1. Introduction
In RAN2 #74 meeting, companies agreed on the basic assumptions and configurations under the hot spot model for the mobility simulator calibration. With the hot spot model, initial simulations can be conducted for comparison and analysis macro/pico mobility behaviors with large number of combinations of mobility configuration parameters. It was agreed on that the simulation assumptions for system simulation should be further discussed. In this document, the assumptions for HetNet system simulation involving multiple macro and pico cells are discussed.  
2. Discussion
2.1. Performance metrics for HTNs system evaluation 
In general, the performance evaluation metrics adopted for hot spot simulation can be also used for system simulation: 
1. The handover failure rate = (number of handover failures) / (Total number of handover attempts).      [where: Number of handover failures = number of RLFs in state 2 + number of PDCCH failures in state 2 &3                              Total number of handover attempts = number of handover failures + number of successful handovers. For calibration only the macro/pico handovers/failures are applied in the above equation. Note: in state 3, a PDCCH failure is declared when the CQI measurement filtered over handover execution time (40 ms) is less than -8dB.]. 

2. Ping-pong rate = (number of ping-pongs)/(total number of successful handovers excl. handover failures) [where: a Ping-pong is defined in TR36.839 v0.1.0.] 
3. The average number of RLF occurrences per UE per second in states 1 and 2.                         [The final results would be the total number of RLFs further averaged over the total traveling time of all the simulated UEs. The time lasted in state 1 and state 2 should not be treated separately]                                           

In the system simulation, the impact of the HO failures to the system performance depends on how often the HO and HO failure occur. If HO is rarely occurred, even HO failure rate is high, the impact of the HO failure to the system is still very limited. On the other hand, if the frequency of HOs and HO failures is high the impact to the system performance will be much bigger. Therefore, time factor should be introduced into the performance metric. 
4. The number of HO failures per UE per second  
5. The number of HOs per UE per second.                                                                               [The final results would be the total number of HOs or HO failures further averaged over the total traveling time of all the simulated UEs.]                                                                    

The simulation results can be logged separately for macro/macro HOs, macro/pico, pico/macro and pico/pico HOs. The overall aggregated results could also be obtained.
Note: based on definition 1, 4, 5 we have: 

The handover failure rate = (The number of HO failures per UE per second) / (The number of HO failures per UE per second + The number of HOs per UE per second)

Proposal 1: RAN2 is kindly requested to determine any additional metrics for HetNet mobility performance evalution in system simulation.  
Proposal 2: in addition to the metrics used for hot spot simulation, adopt the number of HO failures per UE per second and the number of HOs per UE per second as the new metrics for HetNets system simulation.    
2.2. Generalize the Definition of Ping-pong
The current ping-pong definition is: 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.
In fact, as long as a UE-stay with a cell meets ToS < MTS regardless the UE is hand-in from which cell and hand-out to which cell, it has negative performance impact to the cell. Therefore any short time stay is an un-necessary stay and it should be classified as a ping-pong. If we could generalize the ping-pong definition, it will make ping-pong rate calculation and cdf of ToS collection easier. The metric would also better reflect the communication efficiency performance.
Proposal 3: generalize the ping-pong definition: a stay of UE connected with a cell between a hand-in and a hand-out is defined as a ping-pong if the time-of-stay with the cell is less than a pre-determined MTS. 
2.3. Macro cells and Pico cells placement for system simulation
1. Simulation area (within the border for UE bouncing or wrapping-around at the contour of the outer tier of the simulation area) should include at least 1 tier of macro cells.
2. Pico cells could be placed in fixed pattern or randomly (except in the area too close to the macro eNB).
3. At lease one typical pico cell placement pattern is used for calibration. As shown in Figure 1, a simple macro and pico cell placement is suggested for calibration. 2 tiers of 19 macro cells with pico cells placed at the macro/macro cell borders. Each macro cell is associated with 18 pico cells. The calibration configurations are suggested to adopt set 4 for the hot spot calibration, and one UE speed of 120 km/h is suggested. To save the simulation time, we prefer to have the simulation circle size of 1 ISD as shown in the figure.   
4. When a UE hits the simulation border for bouncing, the timer for logging time-of-stay should be reset.
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Figure 1 macro and pico cell placement:. 

Proposal 4: RAN2 is kindly requested to discuss the issue related to the pico cell placement in the macro coverage area with the simulation border
Proposal 5: RAN2 is kindly suggested to discuss and determine a pattern of macro and pico cell placement for calibration of system simulation.
2.4. UE Placement and Trajectories
1. A UE is randomly placed in the simulation area initially. It is assumed that UEs are uniformly distributed over the simulation area within the bouncing or wrapping around border.
2. After initially drop at a random location, 
a. Option 1, the UE will move in straight line at a constant speed till hitting the simulation border.

b. Option 2, when the UE starts move, it will periodically change its moving direction and move at a constant speed till hitting the simulation border

3. When the UE hit the simulation border, it will bounce back with a random angle or wrapping around at the contour of the outer tier of the macro cells with a randomly selected new direction.

Proposal 6: RAN2 is kindly requested to discuss the issue related to UE placement and rajectories, and adopt one of the options for system simulation.
3. Conclusion 
There are still open issues with the assumptions for the system level simulations on mobility in HetNets. In order to ensure that companies could conduct the system simulation soon and get the compariable results, we suggest RAN2 to discuss the assumptions for system simulation and propose the following:

Proposal 1: RAN2 is kindly requested to determine any additional metrics for HetNet mobility performance evalution in system simulation.  

Proposal 2: in addition to the metrics used for hot spot simulation, adopt the number of HO failures per UE per second and the number of HOs per UE per second as the new metrics for HetNets system simulation.
Proposal 3: generalize the ping-pong definition: a stay of UE connected with a cell between a hand-in and a hand-out is defined as a ping-pong if the time-of-stay with the cell is less than a pre-determined MTS.
Proposal 4: RAN2 is kindly requested to discuss the issue related to the pico cell placement in the macro coverage area with the simulation border
Proposal 5: RAN2 is kindly suggested to discuss and determine a pattern of macro and pico cell placement for calibration of system simulation.

Proposal 6: RAN2 is kindly requested to discuss the issue related to UE placement and rajectories and adopt one of the options for system simulation.
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