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Discussion and decision
1. Introduction
In RAN2 #75bits meeting, HetNet mobility large area simulation involving multiple macro and pico cells was discussed in the offline ad hoc session. The common understanding form the email discussion [75 #36] and [75#37] were reviewd in the ad hoc session. In this document, the assumptions for HetNet large area simulation involving multiple macro and pico cells are summarized including proposals from [75#37] and the ad hoc session..  
2. Discussion
HO performance metrics for HetNet system evaluation 
In general, the performance evaluation metrics adopted for hot spot simulation can be also used for large area system simulation. 
1. The handover failure rate = (number of handover failures) / (Total number of handover attempts).        [see TR36.839 0.2.0 for details]. 

2. Ping-pong rate = (number of ping-pongs)/(total number of successful handovers)   [see TR36.839 v0.2.0 for details.] 
3. The average number of RLF occurrences per UE per second in states 1 and 2.                         [see TR36.839 v0.2.0 for details.]                                            

In the large area simulation, the impact of the HO failures to the system performance depends on how often the HO and HO failure occur. If HO rarely occurred, even if 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 as the large area simulation performance metric. The generic metrics are defined as the follows: 
4. The total number of HO failures per UE per second. 
[It is the total number of HO failures averaged over the total traveling time of all the simulated UEs.] 
5. The total number of successful HOs per UE per second.                                                                               [It is the total number of successful HOs further averaged over the total traveling time of all the simulated UEs.]                                                                    

Note: based on definition 1, 4, 5 we have: 
The handover failure rate = (The total number of HO failures per UE per second) / (The total number of HO failures per UE per second + The total number of successful HOs per UE per second)
The common understanding is that HO 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) HOs. The overall aggregated results could also be obtained. Some companies observed that pico-macro HOs contribute more failures than macro-pico HOs. This supports to log the macro-pico and pico-macro performance separately in future simulations.
Based on the majority opinions during the [75#37] email discussion and ad hoc, the rapporteur has the following proposals to RAN2:

Proposal 1: The performance evaluation metrics used for hot spot simulation are adopted also for large area system simulation
Proposal 2: Adopt the following additional metrics for large area HetNet mobility simulation:

1. The number of macro to macro (macro-pico) HO failures per UE per second. 

2. The number of pico to macro (pico-macro) HO failures per UE per second. 

3. The number of macro to macro (macro-macro) HO failures per UE per second. 

4. The number of pico to pico (pico-pico) HO failures per UE per second.

5. The total number of HO failures per UE per second.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

6. The number of successful macro-pico HOs per UE per second.

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

8. The number of successful macro-macro HOs per UE per second.                                                                                                                                            

9.  The number successful of pico-pico HOs per UE per second.                                                                                                                                                        

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

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

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

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

15. Overall handover failure rate = (Total number of HO failures per UE per second) / (Total number of HO failures per UE per second + Total number of successful HOs per UE per second).

The Definition of Short-ToS Rate
The time-of-stay (ToS) in a cell is defined as the duration between hand-in to the cell and hand-out to another cell. 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 of stay is an un-necessary stay and it should be classified as a short-ToS. 
Based on the majority opinions from the email discussion, the rapporteur suggests the following proposals to RAN2:

Proposal 3: Adopt the following definitions of Short ToS metrics:

Definition 1: 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 2: A Short ToS rate is defined as the amount of Short ToS occurrences divided by the amount of successful handovers. I.e. 

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


Definition 3: Short ToS per UE per second is defined as the total amount of Short ToS occurrences divided by total number of the UEs simulated and averaged over the total simulation time.

Proposal 4: It is mandatory to log the CDF of ToS for large area simulation. 
Proposal 5: the CDF of ToS should be logged separately for the ToS with pico and macro.

Macro cells and Pico cells placement for large area simulation
1. Simulation area (within the border for UE bouncing or the contour of wrapping-around of the simulation area) should include at least 2 tiers of macro cells for the wrap-around approach. For the bouncing circle approach, it should include at least 1 tier of macro cells.
2. So far big difference between the wrap around model and bouncing model is observed. As long as the models are used carefully the difference should be minimal. For example in the bouncing model, only the inner macro tier’s results are logged. It is equavlent to the wrap around model that also only log the inner macro tier. Considering it is difficult for some companies to switch simulation model. At mean time it would be reasonable to allow companies to use either bouncing circle or wrap around model.
3. In general, pico cells could be placed in fixed pattern or randomly (except in the area too close to the macro eNB following the requirements posted in TR36.814). The simulation would be started with fixed pattern first. 
4. Pico cells could be placed at the border or the inner area of the macro cells, cluster of picos could be placed together for observing the pico to pico HO performance in addition to the macro/pico performance. 
5. Since the bouncing circle breaks a UE’s normal staying with a cell, it is suggest not to log the time of stay from the last HO completion to the bouncing and from the bouncing to the next HO completion. This could be achieved by reset of the ToS timer when the UE hit the circle. Note: for the wrap around model we don’t have issue for ToS. 
6. Majority of the opinions support to model the RLF in the simulation. Some companies indicated they want to develop more realistic model. However, given the time constraint of the SI, we are not able to include/agree to RLF recovery model for calibration. For calibration, we could allow following model: Let UE to stay in simulation and T310 keep running after HO failure occurs in state 2. The HO failure counter will count this as one HO failure after all possible retry measurement reports. No more measurement reports assumed till, if RLF will eventually happen, the UE will be removed from simulation and RLF counter will add 1 with a reason code of HO failure ; Otherwise, if before T310 is expired the measurement is above Qin, The UE will be back to normal and following the normal HO procedures with the source cell.
Based on the companies’ opinions from the email discussion and ad hoc session, the rapporteur suggests the following proposals to RAN2:

Proposal 6: Companies are allowed to use either wrap around or bouncing circle model for intial simulations. When submitting results, companies should state which model is used
Proposal 7: For wrap-around approach, the simulation area (within the contour of wrapping-around area) should include at least 2 tiers of macro sites.

Proposal 8: 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 picos on the macro border if any.
Proposal 9: 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.
Proposal 10: Fixed pattern of the pico placement is adopted first for initial simulations. The random pico placement could be chosen by companies later on.  

Proposal 11: RLF recovery should be modeled in large area simulation after the calibration. Companies should have the flexibility to choose a realistic RLF recovery model.
Proposal 12: When a HO failure in state 2 occurs, the UE should be kept in the simulation with T310 continue running. A UE is taken away only when RLF occurs or HO failure occurs in state 3.

Proposal 13: Simulating the macro only system is encouraged. The relative results against the macro only system is useful. Comparing the absolute results among the companies is also important to minimize the variance.
UE Placement and Trajectories
1. It is generally understand for calibration and initial simulations, 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 circle or wrapping around border.. 
2. After initially drop at a random or hotpot location, 
a. Option 1, the UE will randomly select a direction and 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

It was indicated most companies prefer the option a).

3. For the bouncing circle model, when the UE hit the simulation border (the bouncing circle), it will bounce back with a random angle.

4. 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.

Based on the majority opinions during the email discussion , the rapporteur suggests the following proposals to RAN2:
Proposal 14: 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).

Proposal 15: 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.
Considerations for the calibration of large area simulation
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Figure 1macro and pico cell placement in the wrap around model for calibration. 
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Figure 2macro and pico cell placement in the bouncing circle model for calibration.
1. It is common understanding at lease one typical pico cell placement pattern is used for calibration of large area simulation. As shown in Figure 1 for the wrap around model, a simple macro and pico cell placement is suggested for calibration/common approach. 2 tiers of 19 macros with picos placed at the middle of macro/macro cell borders. The macro cell ISD is 500 m. 
2. For the bouncing circle approach, to save the simulation time, we prefer to have the simulation circle size of 1.8 ISD.. In order to ensure the difference between the bouncing and wrap around model is minimal, we only log the statistic of first tier macro coverage including the outer border area of the macros. One possibility is only place the picos at the border of the first tier macros as shown in the Figure 2, then the only thing need to do is not to log the time-of-stay when a bounce occurs. 
3. We may also look into the tradeoff between the reducing number of picos and the long run-time due to less number of picos which could lead to less chance of hitting the picos and triggering HOs. As is shown in Figure 1, each macro site is associated with 6 picos. Each of the pico is placed at the center point on the border between two macro eNB at 0.5 ISD. It is simply the duplication of the pico cell location for the hotspot calibration. This pico placemenet leads to 3 picos per macro eNB coverage. It duplicates the pico placement for the hotspot calibration over the entire simulation area. The change on top of hotspot calibration is the smallest. It will be easier for data comparison. Should we use this placement pattern for calibration?
4. We had five config parameter sets for Hotspot calibration. We could have less number of configuration sets for the calibration of the large area simulation. Only use the “good” sets identified by the hotspot simuations. Consider using set 4 from the calibration configurations?

5. Only test the high speed cases (30 and 60km/h)?
6. It is generally understand for calibration, a UE is randomly placed in the simulation area initially.

Based on the majority opinions during the email discussion, the rapporteur suggests the following proposals to RAN2:
Proposal 16: For the calibration of large area HetNet mobility simulation, a fixed pico placement pattern is adopted: as is shown in Figure 1 and Figure 2, each macro site is associated with 6 picos. Each of the pico is placed at the center point on the border between two macro eNB at 0.5 ISD.
Proposal 17: The macro and pico placement shown in Figure 1 is adopted for calibration with the wrap around model.

Proposal 18: The macor and pico placement shown in Figure 2 is adopted for calibration with the bouncing model. 
Proposal 19: The set 3 of the configuration parameters used in hotspot calibration is adopted for large area simulation calibration. 

Proposal 20: A UE speed of 30 km/h is adopted for calibration of large area HetNet mobility simulation.
Additional aspects to be included (not for calibration) 

There are several sub-items under the HetNet mobility enhancement SI. The large area HetNet simulation may include the additional assumptions to support the SI.

Impact of the ABS to the mobility performance

1. Only investigate the impact/benefit of the ABS to mobility performance?
2. Only need to simulate the on-off of one ABS pattern?

Suggest companies to provide the basic simulation assumptions/configurations. 

Based on the majority opinions during the email discussion, the rapporteur suggests the following proposals to RAN2:
Proposal 21: Include ABS into the simulation with a fixed ABS pattern used initially.
DRX modelling

1. Adopt the basic assumptions and configurations of the DRX? 
Suggest companies to provide simulation assumptions. Then we will agree on the basic settings.

Based on the majority opinions during the email discussion, the rapporteur suggests the following proposals to RAN2:
Proposal 22: Include DRX into the simulation with a set of basic configuration parameters used initially.

Modelling the RLFs (especially caused by HO failures)
1. Should we log the RLFs caused by the HO failures separately from the conventioinal RLFs?

2. In state 2, when PDCCH failure is detected, if T310 is not expired and has time longer than TTT, should we allow the PDCCH test again?
We will not do this at the moment. Later on company could do the more detailed model.
3. If the reset or expiration of T310 is due to the PDCCH test failure during HO process, we count the RLF as caused by HO failure? (should we include the RLF occurred in state 2?)
4. When a RLF occurs, consider the multiple targets for RLF recovery.
Leave to companies to do the furher investigation following the standards specification.

Based on the majority opinions during the email discussion, the rapporteur suggests the following proposals to RAN2:
Proposal 23: In large scale simulation, the RLFs caused by the HO failures should be logged separately from the conventioinal RLFs. If the reset or expiration of T310 is due to the PDCCH test failure, the RLF is counted as caused by HO failure.
Small cell identification delay
Model the delay caused by pico cell identification?

Is 800ms delay requirement is a reasonable assumption?

Similar to the HO preparation delay and execution time, is it possible that a reasonable pico cell identificaiton time could be assumed/suggested by the UE vendors and adopted in the simulation model?

What would be the trigger of the timer for small cell identification delay? 

The details deserve further study.
3. Conclusions 
During the ad hc discussion and emails discussion email discussion and , several important issues for large area simulation have been discussed. Based on the majority opinions of the feedbacks from the participating companies, the rapporteur summarizes the following proposals to RAN2:
Proposal 1: The performance evaluation metrics used for hot spot simulation are adopted also for large area system simulation
Proposal 2: Adopt the following additional metrics for large area HetNet mobility simulation:

1. The number of macro to pico (macro-pico) HO failures per UE per second. 

2. The number of pico to macro (pico-macro) HO failures per UE per second. 

3. The number of macro to macro (macro-macro) HO failures per UE per second. 

4. The number of pico to pico (pico-pico) HO failures per UE per second.

5. The total number of HO failures per UE per second.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

6. The number of successful macro-pico HOs per UE per second.

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

8. The number of successful macro-macro HOs per UE per second.                                                                                                                                            

9.  The number successful of pico-pico HOs per UE per second.                                                                                                                                                        

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

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

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

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

15. Overall handover failure rate = (Total number of HO failures per UE per second) / (Total number of HO failures per UE per second + Total number of successful HOs per UE per second).

Proposal 3: Adopt the following definitions of Short ToS metrics:

Definition 1: 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 2: A Short ToS rate is defined as the amount of Short ToS occurrences divided by the amount of successful handovers. I.e. 

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


Definition 3: Short ToS per UE per second is defined as the total amount of Short ToS occurrences divided by total number of the UEs simulated and averaged over the total simulation time.

Proposal 4: It is mandatory to log the CDF of ToS for large area simulation.

Proposal 5: the CDF of ToS should be logged separately for the ToS with pico and macro.

Proposal 6: Companies are allowed to use either wrap around or bouncing circle model for intial simulations. When submitting results, companies should state which model is used.
Proposal 7: For wrap-around approach, the simulation area (within the contour of wrapping-around area) should include at least 2 tiers of macro sites.
Proposal 8: 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 inside the circle will be logged, including all the outer border area of the macro sites and complete picos on the macro border if any
Proposal 9: 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.
Proposal 10: Fixed pattern of the pico placement is adopted first for initial simulations. The random pico placement could be chosen by companies later on.  

Proposal 11: RLF recovery should be modeled in large area simulation after the calibration. Companies should have the flexibility to choose a realistic RLF recovery model.
Proposal 12: When a HO failure in state 2 occurs, the UE should be kept in the simulation with T310 continue running. A UE is taken away only when RLF occurs or HO failure occurs in state 3.
Proposal 13: Simulating the macro only system is encouraged. The relative results against the macro only system is useful. Comparing the absolute results among the companies is also important to minimize the variance.
Proposal 14: 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).

Proposal 15: 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.
Proposal 16: For the calibration of large area HetNet mobility simulation, a fixed pico placement pattern is adopted: as is shown in Figure 1 and Figure 2, each macro site is associated with 6 picos. Each of the pico is placed at the center point on the border between two macro eNB at 0.5 ISD.

Proposal 17: The macro and pico placement shown in Figure 1 is adopted for calibration with the wrap around model.

Proposal 18: The macor and pico placement shown in Figure 2 is adopted for calibration with the bouncing model. 

Proposal 19: The set 3 of the configuration parameters used in hotspot calibration is adopted as the default configuration set for large area simulation calibration. 

Proposal 20: A UE speed of 30 km/h is adopted as default speed for calibration of large area HetNet mobility simulation.
Proposal 21: Include ABS into the simulation with a fixed ABS pattern used initially.

Proposal 22: Include DRX into the simulation with a set of basic configuration parameters used initially.

Proposal 23: In large scale simulation, the RLFs caused by the HO failures should be logged separately from the conventioinal RLFs. If the reset or expiration of T310 is due to the PDCCH test failure, the RLF is counted as caused by HO failure.
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