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Discussion and decision
1. Introduction
During RAN2 #72 bis meeting, companies agreed to harmonize the assumptions and configurations for the simulation of the UE handovers among the macro cells and pico cells. Several high level agreements have been achieved. The email discussion on simulation assumptions has been started after the RAN2 #72 bis meeing. The email discussion report [5] to RAN2 #73 showed the convergence of majority opinions on ping-pong evaluation, radio parameters and mobility configurations. However there are still some major issues under debate such as how to model the HO failure and how to model and simulate the UE mobility. This email discussion is targeted to reach the agreement on all the modelling issues and settle all the important parameters before the next RAN2 meeting. This will allow companies to start their simulation.  
2. Discussion
2.1. HO Failure Declaration
RAN2 as per [1] agreed to use the Radio Link Failure (RLF) criterion to determine the handover failure. 
Agreement 1: Adopt the RLF criterion as the handover failure criterion.

Agreement 2: Handover failure rate is defined by (number of HO failures) / (Total number of HO attempts).
Define three HO states: 1) before A3 occurs, 2) from A3 event to HO_CMD is issued and 3) after HO_CMD is issued till HO is completed. RLFs occurred in state 1) and 2) should be logged for HO failure calculation.
There are two handover failure scenarios to be considered. 
Scenario 1: When the UE is attached with the source cell, a HO failure is counted if one of the following criteria is met:

1) When HO_CMD is received, if T310 is running,
, or

2) In HO states 1 or 2, if the RLF is declared. 
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Figure 1. A HO failure is declared when the criterion 1) is met in the scenario 1
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   Figure 2. A HO failure is delclared when the criterion 2) is met in the scenario 1

Scenario 2: During the time interval from when the UE receives HO_CMD from macro cell and till the UE sends HO complete to the pico cell, if the target cell downlink short term average wideband CQI is less than the threshold Qout (-8 dB), we consider a HO failure occurred.
  .
When a UE tracks RLFs according to 36.300: Qout is evaluated with 200ms window and Qin is monitored with 100ms window (as specified in 36.133). Both windows are updated once per frame, i.e. once every 10 ms, with the measured wideband CQI value
The RLF related parameters are shown in the table below:

	Items 
	Description 

	Qout
	-8 dB

	Qin
	-6 dB

	T310
	1s (the default value currently defined in standards)

	N310
	1

	T311
	Not used. (since RLF recovery is not simulated in this study)

	N311 
	1


Table 1
Please comment on the two HO failure models and the T310 value to be used for HO failure evaluation. 
	Company name
	Comment

	Ericsson, ST-Ericsson
	Question reg. scenario 1, fig 2: What happens if RLF occurs before A3 is triggered? We assume this is viewed as “ordinary” RLF and not related to HO.
We think both scenarios need to be implemented and evaluated, as they model different parts of the HO procedure.
T310 default value is 1 second. We think this is sufficient. Regarding the Qin and Qout, we think the proposed values are a sufficient starting point.

	Renesas Mobile Europe
	We are fine with the proposed Qin/Qout values for the first evaluations.

We would model the HO failure as follows:

· UE is tracking RLFs according to 36.300: Qout is evaluated with 200ms window and Qin is monitored with 100ms window (as specified in 36.133). Both windows are updated once per frame, i.e. once every 10 ms, with the measured wideband CQI value.

· When RLF happens, it is tagged with state information consisting of following states: 

1. Before A3 triggering (RLFs outside HO failure that may happen due to too late handovers)

2. After A3 triggering (i.e. TTT us running or expired; Measurement report may or may not be sent yet)

3. After receiving HO command (i.e. UE is commanded to do handover; RLF during HO process) but before the HO is completed 

· With these states, the RLF reason can be extracted: With 1), RLF happened either because of too slow HO parameterization or some other reason. With 2), RLF happened when measurement report was still being processed, and could happen due to e.g. too long TTT. With 3), RLF happens because the HO process lasts too long or e.g. random access fails.

· {T,N}{310,311} values: T310 = 1s, N310 = 1, T311 = 1s, N311 = 1 (default values from 36.331)

· The following parameters need to be agreed: HO preparation time (including delay for UE measurement reporting, HO decision and HO command sending), HO execution time (including delay for random access and completing RRC connection reconfiguration to new cell). We suggest the following values for these delays:

1. HO preparation time: 50 ms (models sending measurement report, inter-eNB communication and sending the HO command)

2. HO execution time: = 40 ms (models synchronizing to the target cell and RRC reconfiguration)

This should cover both “Scenario 1” and “Scenario 2” above, while having a more unified approach to how the RLF is defined in specifications. Also, with the state-tagged information for the RLFs, it is fairly easy to classify and categorise the HO failure information, to exclude RLFs outside the HO process and to compare the amount of RLFs experienced outside and during HO process.

Regarding RLF recovery and N311/T311 value: 

· In the text above, if CQI > Qin, RLF is not declared. This means the assumption above seems to be that N311 = 1 already – maybe this could be clarified?

As for T311, we don’t have a strong opinion: We think it could be included using the default value (=1 second), but are fine to leave it out if other companies don’t see the need for it.

	NSN & Nokia
	We agree with Ericsson.
In Scenario 1 we assume that “short term average wideband CQI” should have been “SINR”.

We propose to define a HO attempt as the event happening when the source cell decides to initiate HO of one of its users to target cell, i.e. after TTT expires and HO preparation is initiated. An RLF happening before this event is an ordinary RLF. Thus, if T310 expire within TTT as shown on fig 2, it should not be counted as a HO failure, since the HO has not yet been initiated.

In simulations with all users in Connected mode we propose that ordinary RLF is followed by performing selecting of the available best intra-F cell (i.e. corresponding to highest RSRP or RSRQ).


	ZTE
	1) handover failure modelling
For the scenario1 in Figure1, we would like you to clarify which understanding is correct:

Understanding1: if wideband CQI is always lower than Qin between T310 is started and Handover command is supposed to receive, then the radio link in the source cell is poor i.e. RLF occurs

Understanding2: if wideband CQI is always lower than Qin between T310 is started and Handover command is supposed to receive, then UE fails to transmit measurement report and/or receive handover command, that’s handover fails.

We think it should be understanding2 since understanding1 introduce another criteria for RLF.And then we might need think whether same criteria should also apply to scenario2. Because the logic of understanding2 is the status of radio link in previous xms could imply that UE is not able to receive handover command. So in scenario2 the evaluation of rado link of target cell may also be extended before handover command is received.

One more question, when evaluating the radio link why different threshold is used. In scenario1, Qin is used while Qout is used in scenario2.2) parameters
Regarding to N311value used for recovery, N311 = 1 is ok to us for the initial simulation. Regarding T310, fast RLF detection (e.g. T310=100ms or 200ms) need to be considered in some scenario.

3) RLF types
Further more, in our understanding, there are two types of RLF: RLF caused by handover problem or coverage problem. Coverage RLFs could be differentiated if SINRs of serving cell and all neighbour cells are below certain threshold as discussed in MRO. Therefore, it may not be proper to ignore RLF detected before “handover initiation” which could be affected by different configuration.

4) handover failure types
We think it is better to differentiate the causes of handover RLF, i.e.too late HO, too early HO, HO to wrong cell. It is benefitial to find the root of failure and discuss corresponding improvements case by case. 

	Huawei
	On the matter of how to count HO failure, we support to evaluate HO failures in the mentioned two scenarios, and we support to count certain types of RLF as HO failures in scenario 1. But we are still struggling with what the right way is to categorize HO related RLF from non-HO related RLF. The proposal in your document is to use A3 event triggering as the division point, but wouldn’t that make the counting of HO failure rate - not the real HO failure events - easily skewed by the choice of A3 threshold? For example, a large A3 threshold would delay counting RLF as HO failure and hence artificially reduce HO failure rate in a simulation. In reality, however, a large A3 threshold would cause problem related to too-late HO.

Since different A3 threshold settings may be an aspect companies wants to study for HetNet environment, the definition of HO failure should be neutral to when a simulation/implementation triggers A3 event (or even to which events a simulation/implementation uses to trigger HO procedure). In order to avoid problems of too-late HO or too-early HO caused by in-appropriate A3 threshold, we propose to define HO failures in scenario 1 as RLF leading to the neighboring cell being selected. RLF can be simulated based on the specifications in 36.300 and 36.133. The default values of N310, T310, N311, and T311 in 36.331 can be used in simulations.



	Motorola Solutions
	We think Qout/Qin values are too low to be used to determine HO failures. When wideband SINR is Qin = -6dB, the probability that PDCCH can not be successfully decoded will be pretty high thus the possibility of handover failure can not be ignored. We recommend to set larger values for both Qout and Qin.

	Alcatel-Lucent
	We would like to reiterate the points:

1) HO process and the RLF detection process defined in standards are two different processes. When a RLF is declared, it may or may not have impact to the handover failure.

2) Bad radio link condition will cause the PDCCH decoding failure and lead to the measurement report and/or HO command failure. Therefore, power measurement have to be performed during the HP process for determineing the HO failures.

We agree that both the HO failures due to the PDCCH decoding failure and caused by the mobile detected RLFs should be included. 
We agree with to set T310 = 1s, N311 = 1. For the hot spot simulation, we are ok to include the RLFs before A3 occurred. 

	
	

	
	

	
	

	
	


Summary of the opinions from different companies:  (Y: Yes, agreed. N: No, not agreed)

	Companies 
	Generic RLF + scenario1, 2
	Generic RLF only
	T310

	Alcatel-Lucent
	Y
	
	1s

	Ericsson
	
	
	1s

	Renesas
	
	
	1s

	Nokia, NSN
	
	
	

	Huawei
	
	
	

	Motorola Solutions
	
	
	

	
	
	
	

	
	
	
	


2.2. Discussion on Definition of Ping-pong

We use the time that a UE stay connected with a pico cell after a hand-in as the metric to determine the ping-pong. The “Time of stay” in a cell A is the duration from when the UE sends HO complete (RRCConnectionReconfigurationComplete msg.) to the cell A, to when the UE sends HO complete to another cell. The definition of a ping-pong is based on the time-of-stay. There should be the minimum time of stay connected with a cell to allow a UE establishing a reliable connection and conducting efficient data transmission with the cell. If a UE hand-in then hand-out a cell and back to the orginal source cell with the time connected to the cell less than the minimum-time-of-stay (MTS), we consider it is a ping-pong. In general, if the time-of-stay with a new serving cell is less than MTS after a hand-in, it is consider an un-necessary hand-off. 
The following agreements were made based on [1]:

Agreement 3: Define a hand-in then hand-out a cell and back to the original source cell as a ping-pong if the time-of-stay connected in the target cell is less than a pre-determined MTS.
Agreement 4: Ping-pong rate is defined as (number of ping-pong handovers)/(total number of successful handovers excl. HO failure).
The point to discuss further is the value for the “pre-determined MTS”.  For the small cells we consider that the reasonable MTS is about 500ms to 1s.
The table below captured the possible/ intended parameters:

	Items 
	Description 

	MTS
	1s

	
	


Table 2
Please comment on the MTS value to be used for ping-pong. 

	Company name
	Comment

	Ericsson, ST-Ericsson
	We are fine with 1 s as MTS, although it might be too long for high-speed scenarios. We are also interested in the distribution of “time-of-stay”.

	Renesas Mobile Europe
	MTS=1s is fine as default value, and we agree with Ericsson that the distribution of “time-of-stay” would be good to collect to better understand the effect of larger UE speeds to TS.

	NSN & Nokia
	We agree with Ericsson.

It should be clearly stated if “total handovers” incl. or excl. HO failures. We are fine with either of these definions.

Preferably specific preference. Normally: total = succesfull HO excl. HO failure

	ZTE 
	We agree collect the distribution of “time-of-stay” is better. It need to be clarified is whether failed hand-out should be taken into accout?

	Motorola Solutions
	We would like to know what the system impacts really are when time-of-stay is smaller than MTS (e.g. 1s). Will it cause a larger number of handover failures or a larger number of handovers, or something else? If a UE can perform both handovers (macro-pico and pico-macro) successfully, we don’t see a significant problem. 

	Alcatel-Lucent
	Agreed on capturing the distribution of Time of Stay and usng 1s as the default value of MTS.

	
	

	
	

	
	

	
	


Summary of the opinions from different companies:
	Companies 
	Adopt TS as ping-pong metric
	Collect TS distribution
	Adopt total number of HOs as ping-pong metric

	Alcatel-Lucent
	Y
	Y
	

	Ericsson
	Y
	Y
	

	Renesas
	Y
	Y
	

	Nokia, NSN
	Y
	Y
	

	ZTE
	Y
	Y
	

	Motorola Solutions
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


2.3. Typical Radio Parameter Configurations
Simple and basic simulation configuration is desired. It is agreed [1] to follow RAN1 radio parameter configurations which has been captured in the latest version of TR36.814. 
Agreement 5: Simulation basic assumptions and radio configurations should use TS36.814 as baseline.

Consider the EUTRA simulation case 3 with details specified in Table A.2.1.1-2 in TR36.814 and Table A.2.1.1-3 in TR25.814. According to the companies proposed simulation parameter values [2][3][4], the recommended parameter values are shown in the following table:
Table 3
	Items 
	Macro cell 
	Pico cell

	ISD 
	1.732 km, 500m 
	

	Distance-dependent path loss 
	TR 36.814 Macro-cell model
	TR 36.814 Micro cell model

	*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
	50 m 
	13 m

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

	Antenna pattern  
	The same pattern as is specified in TR 36.814,  Table A.2.1.1.2-2
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 

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

	BS Total TX power 
	46dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	TR 36.814.

	
	


*Note: in the table the number of pico cell in the sector of interest is 1. For the large area system simulation, the number of pico cells could be a variable.
Please comment on the above parameter values.
	Company name
	Comment

	Ericsson, ST-Ericsson
	We note that there are basically two ways to simulate this scenario.

1) Simulate a small area focusing on the pico cell, this corresponds to alt 3 in the UE movement and trajectory discussion below. The benefits are decreased simulation time and hence increased possibility to study a greater parameter range. The drawback is that the system view is lost, making it hard to asses HO problems compared to other problems. The baseline may also be problematic to define.

2) Simulate a larger area focusing on the system as a whole. The benefits are that the system view is maintained, meaning that the potential HO problems of macro/pico can be weighed against other challenges. Also, comparisons to homogeneous scenarios (baseline) can be made. The drawback is the long simulation times needed to acquire proper data, which in turn limits the number of parameter settings can be tested.

We see no problem in keeping both these views, as they are both valuable to the progress. Model 1) can be used to scan the parameter space identifying possible troublesome configurations. These can then be verified in the broader perspective of model 2).

We would like to focus on model 2) and we think it should follow 36.814 to a large extent. More specificly, for heterogeneous deployment scenario case 6.2 (Table A.2.1.1.2-2) and for placing of new nodes and UEs configuration 4b (Table A.2.1.1.2-4). 
Regarding traffic models, we think full buffer should be used for the evaluations.
Regarding antenna patterns we prefer the 3D modelling for macro in Table A.2.1.1-2. For picos the antenna is omni-directional as listed in Table A.2.1.1.2-3.

	Renesas Mobile Europe
	We agree with Ericsson that both the small area and larger area cases should be studied: The focus should first be on model 1) to identify the potential problem cases, and then these would be verified by using the model 2).

For traffic model, full buffer is fine for initial evaluations, but it should be noted that with full buffer, individual user throughput in mobility situations becomes less important. As the focus of these simulations is in mobility, full buffer is mainly useful to ensure a predictable load in the scenario.

	NSN & Nokia
	We would also prefer to the use assumptions in coherence with macro+pico case defined in 3GPP TR 36.814. We suggest the following:
1) Path-loss model TR 36.814 Heterogeneous deployments “model 1”.
2) To adopt the min distance settings between nodes and UEs from TR 36.814.
3) First consider co-channel deployment of macro+pico at 2 GHz in 10 MHz bandwidth. Later also consider cases with two available carriers, say a carrier at 1.8GHz and one at 2.6GHz. Having such cases would be relevant to also study aspects of inter-frequency handover performance, etc.
4) Shadow fading correlation distance in accordance with TR 36.814 with 50 meters for Macro and 13 meters for Pico.

Clarify the amount of Pico cells per macro cell. We assume 1 pico cell per macro cell

	ZTE
	We agree there are two ways to simulate this issues.Simulations focus on POI (i.e. handover area) help us to discover details of the problem and performance of potential improvements. Simulations on larger area are helpful to know how big the problem is and how much gain of improvements.

However, we think it is benefitial to decrease the simulation time at initial stage. For example, it needs 720s i.e 720000 TTIs to move 600 meters for UE’s speed at 3 km/h in simulation which is 100~150 times longer than static system level simulation for one drop. Further more, more drops are needed to get a convergent result. Consequently it may not possible to check every parameter in large area simulation.

	Motorola Solutions
	We agree that both small area and larger area cases should be studied.

	Alcatel-Lucent
	Agreed to conduct simulations in two phases: first phase simulate small spot focus on a pico and its surrounding area; second phase to simulate the large area with multiple macro and pico cells. Agreed to follow 36.814 as much as possible. Updated some parameters in the table based on the comments.

	
	

	
	

	
	


Summary of the opinions from different companies:
	Companies 
	Hot spot and large area sys. sim
	Macro/pico path loss model 1
	Macro/pico path loss model 2
	
	

	Alcatel-Lucent
	Y
	Y
	
	
	

	Ericsson
	Y
	
	
	
	

	Renesas
	Y
	
	
	
	

	Nokia, NSN
	Y
	Y
	
	
	

	ZTE
	Y
	
	
	
	

	Motorola Solutions
	Y
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


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

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Table 4
	Items 
	Description 

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

	*Cell loading 
	100%, 50%

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

	Channel model 
	Either TU (fast fading included) or ITU

	TimeToTrigger  [ms]
	40, 80, 160, 480

	cellIndividualOffset  (Ocn for A3) [dB]
	-1, 0, 1, 2, 3 

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133
	40ms, 80ms, 200ms

	Layer3 Filter Parameter K
	 4, 1, 0

	measurement error modeling
	Truncated Gaussian within [-3 dB +3 dB] with std deviation 2 dB

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms


Fast fading is included in the simulation since it may have big impact to low speed UEs’ handover performance. Note: TS36.331 request the time characteristics of the L3 filter to be preserved by scaling the K value when the sample period is less than 200ms.
*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. The latter could simplify scheduler a lot.
Please comment on the above HetNet mobility specific parameters.
	Company name
	Comment

	Ericsson, ST-Ericsson
	Some of these parameters conflict with the scenario descriptions in 36.814. These are

· Pico cell placement (random in 36.814)
· Cell loading (generated with background users in 36.814)
· UE speed (only 3 km/h and 120 km/h discussed in 36.814)
We think companies should have the option to select well defined scenarios from 36.814 instead. Furthermore, we note that the parameter space is very big. We will focus on a selected set of parameters to begin with.

	Renesas Mobile Europe
	We agree with Ericsson that there are quite many cases to simulate and that following 36.814 would be the easiest path as those assumptions have been tested quite well in the past RAN1 simulation campaigns. 

Regarding the parameter ”L1 to L3 reporting period”: 

· Does this parameter mean the same TMeasurement_Period, Intra in 36.133, i.e. the L1 filtering period? The RAN4 assumptions during Rel’8 were that L1 filtering was 200ms, and since the measurement accuracy requirements were also defined using those values, so a fixed error model might be overly optimistic for the smaller L1 filtering periods.

Regarding RSRP error modelling:

· The RAN4 error bound stipulates that the RSRP error shall be within [-3 dB, +3 dB] with 90% probability, which means that having the suggested truncated Gaussian distribution with 2dB deviation will result in tighter error requirements as in current specification. Was this intended?



	NSN & Nokia
	We are in general okay with using those settings but see below for additional comments: 
Would suggest that we use 3GPP spec compliant names for the HO parameters to make notation clearer. After first simulations are available, it would be desirable to agree on a set of default parameters, i.e. a subset of the above listed parameters to be used as default.
Amount of options is a worry as there is a great chance that the actual simulated scenarios are in the end based on slightly different parameter choises and therefore not really comparable.
In terms of fast fading model, we would prefer TU.

We would prefer to also have agreed cases with 2 (and possible also 10) pico nodes per macro-cell area. We are fine by assuming fixed location of the pico nodes as proposed in the table, but also agree with the comments from Ericsson to allow simulations according to 36.814 with random placement of pico nodes.

Instead of specifying “100% cell load”, we would propose to specify the number of users and their corresponding traffic model. Our recommendation is to start with full buffer traffic models and constant fixed number of users.
It is unclear to use what the exact definition and meaning of "Layer1 to Layer3 reporting period" is. We would prefer to have this clarified."

We think HO preparation time should be 50 ms

Not sure why the RSRP measurement error modeling truncation is +/- 3 dB with std deviation of 2 dB 

	ZTE
	For large area simulation, we agree radio parameters should be aligned with 36.814 as much as possible. However, models in 36.814 designed mainly for performance metrics such as throuput, bandwidth efficiency etc. are much different from handover metrics. We have concern on simulation time if we re-use model in 36.814 for large area simulation. As we mention in section 2.3, in order to simulate moving UE, drops and TTIs per drop are increased significantly than fixed UE. 
Model simplification and cases reduction should be considered. For example, there are no difference between DL interference generated by full buffered background users and full power transmission in N% RB. And the latter could simplify scheduler a lot. As listed above, there are 2 x 2 x 4 x 6 x 5 x 3 x 4 = 5760 test cases (note). We think some cases should be prioritized to reduce work load of simulation. Further more we think RSRP measurement error modelling could be considered in later stage.

Note:

Pico cell placement
0.5 ISD, 0.3 ISD on the boresight direction  
2

Cell loading 
100%, 50%  






              2

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



        4 
TTT [ms]
40, 80, 120, 160, 320, 480




              6

HO margin or threshold [dB]
-1, 0, 1, 2, 3 



           5

Layer1 to Layer3 reporting period
40ms, 80ms, 200ms


   3

RSRP Layer3 Filter Parameter K
8 , 4, 1, 0



           4

	Huawei
	First, we’d like to support Mats on “MF: I think the algorithms for allocating picos found in 36.814 are sufficient. This means random placement, with minimum distance to macro sites. Your question on which metric(s) should be used is perhaps the most important one! For the scenarios that follow 36.814, we can easily make comparisons to the baseline, i.e. only macros. This means we can look at metrics such as system throughput and user throughput (dependent ontraffic model though). But we should also look in particular to the handovers, to make sure that potential problems are alleviated.” We also think the simulation should be constructed to reflect a real system and to demonstrate how serious the issues would be in real deployment. We think that good efforts have been put into the development of 36.814 with regard to this, and that we should take advantage of the works already done in the course of LTE - A evaluation by various WGs and companies to verify and confirm many simulation assumptions and parameters documented in 36.814.



	Motorola Solutions
	We agree to limit the number of configurations for each parameter to reduce simulation efforts. We think both random pico placement and fixed pico placement need to be studied.

	Alcatel-Lucent
	Agreed to have minimum set of the parameters and follow 36.814 as much as possible. We did some trimming on the parameters in the table. We would also like to point out many configurations in TS36.814 is for the static simulation for other purposes. In our case, we have to take the mobility into consideration. Saving simulaton time is very important.

	
	

	
	

	
	


Summary of the opinions from different companies:
	Companies 
	Channel model (TU vs ITU)
	Default K of L3 filter
	Measurement error model

	Alcatel-Lucent
	TU
	
	Y

	Ericsson
	
	
	

	Renesas
	
	
	

	Nokia, NSN
	TU
	
	

	ZTE
	ITU
	
	N

	Motorola Solutions
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


2.5. UE Placement and Trajectories
Regarding to the UE placement and trajectories, there are basically four options:

1. The UEs are placed at fixed start location with limited number of trajectories (e.g. 3). Pros: the approach is very simple. Cons: the mobility behavior of a UE at the pico cell edge maybe missed by the simulation.

2. The UEs are randomly placed and randomly moving around. More specifically, users are dropped uniformly over the simulation area. During time-step of X seconds, each user moves in a constant direction. Initial direction is selected randomly and independent for each UE. Every X seconds a new movement direction is selected for each UE. The new direction is selected by applying an offset angle of Y degress as compared to the current direction of movement. The concerns with this approach are: 1) it will take too long time to get valid results.The UE maybe just circling around the pico cell.  2) The random moving itself could cause the UE moving back and forth at the pico cell border area and lead to unwanted ping-pong.

3. Conduct the importance sampling at a “hot spot” covered by a pico cell. Make the UE moving toward the pico from different location on a circle around the pico cell with a random angle. It will take much less simulation time and avoid the physical ping-pong issue with option 2. It will also have better coverage on the cases of UE moving tangentially across the pico cell. 
As an example shown in Figure 1, the pico is placed at the 0.3 ISD from the eNB on the bore sight direction. A circle is drawn with pico center as its center and 0.3 ISD 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 bounce back with the same random angle requirement). The HO parameters are the same for the hand-in and hand-out. 
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Figure 1 Pico placement and the mobile trajectories for Macro-to-Pico and Pico-to-Macro Mobility
In fact, if the cycle is expanded to be large enough and direction change is allowed when a UE is moving, the alt3 really become alt2. 
4. As an improvement to alternative 2; The UEs are randomly placed. At start a random direction is selected per UE. The UE then moves in this direction, it does not change direction during its lifetime. With this improvement the problems of UEs moving back and forth over a cell border area associated with alternative 2 is alleviated.

Please comment on the options of UE placement and the trajectories and indicate which option your company prefers. 

	Company name
	Comment

	Ericsson, ST-Ericsson
	As previously stated, we would like to focus on model 2) (system view) and we think it should follow 36.814 to a large extent. However, 36.814 does not discuss UE movement or trajectory (although UE speed is discussed), but it does discuss UE placements. For UE placements, we think configuration 4b should be used (Table A.2.1.1.2-5). For UE movements, we think UEs moving in a straight direction during their lifetime is sufficient for this scenario. This corresponds to alt 4 in the list above, with the exception of the placements.

	Renesas Mobile Europe
	The 36.814 methodology is quasi-static, meaning that there are no clear assumptions on how the UEs are expected to move in the scenarios. The 36.814 placement methodology might be useful for determining the initial locations, after which UEs move according to a specified mobility model that should be agreed here. 

We don’t have a strong opinion regarding the mobility model, but either a simple model like Ericsson describes (i.e. straight line) or a random walk would be obvious choices. However, we think that the mobility model should be defined in the assumptions, to ensure comparability between different company simulations.

	NSN & Nokia
	We propose to follow the models in TR 36.814 Table 2.1.1.2-4/5, config 1 (uniform) and #4b (hotspot).

Placement fn UEs:
1) Uniform random in whole network
2) A proportion, photspot, of UEs are at hotspots in circles around each pico. 

Movement:
1) For UEs not originally placed in hotspots, it shall be assumed that they move in constant direction during the UE life-time. The direction of movement is selected randomly at the start of each simulation.
2) For UEs originally placed in hotspots, direction of movement is initially also selected randomly. But, in order to maintain the hotspot throughout the simulation, “hotspot UEs” are restricted to only move within a circle around the pico nodes. A new random direction of movement is selected for each UE whenever it reaches the circle defining the boundary of the hotspot.

Speed assumptions: Pico UEs 3km/h, Macro UEs any other speed (and does not change)

	ZTE
	We prefere alt4 with restriction for UE only placed on a circle around pico cell which focus on valid drop and minimize simulation time for every drop, and plenty drops could be simulated to get convergent results.

	Motorola Solutions
	We agree with NSN&Nokia on UE placement and movement.

	Alcatel-Lucent
	We would prefer using alt3 for the “hot spot”case and using alt4 for the large area system simulation. When simulate the hot spot, we would prefer to place the UEs randomly on the circle. We would suggest companies to evaluate if there should be any requirement/restrictions for randomly place the UEs in the area of interest especially for the system simulation. 

	
	

	
	

	
	

	
	


Summary of the opinions from different companies:
	Companies 
	Alt1
	Alt2
	Alt3
	Alt4

	Alcatel-Lucent
	
	
	Y
	Y

	Ericsson
	
	
	Y
	Y

	Renesas
	
	
	
	

	Nokia, NSN
	
	
	Y?
	Y

	ZTE
	
	
	Y
	Y

	Motorola Solutions
	
	
	Y
	Y

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



3. Conclusions 
Proposals for agreement
3.1.1. HO Failure Declaration
Proposal #1: 
1) Log the RLFs in the three states and label them with the state identifier, as well as Log the HO failures due to the PDCCH failures in scenario 1 & 2. 

2) ??HO failures should include all the RLFs occurred in states 1 or 2, or the HO failures due to PDCCH failures in scenarios 1 or 2??
3.1.2. Proposal #2: Adopt the parameters in Table 1 including T310, N310 and N311. 
Based on initial simulation results, we could do further adjustments on how to get the final HO failure results
3.1.3. Definition of Ping-pong
Proposal #3: Adopt MTS = 1s as the default value of the minimum time of stay.

Proposal #4: The distribution of “time-of-stay” should be collected for study of the ping-pong behavior.
3.1.4. Typical Radio Parameter Configurations
The simulation study could be planned into two cases:


Proposal #5: Simulate a small area focusing on the pico cell, this corresponds to alt 3 in the UE movement and trajectory.

Proposal #6: Simulate a larger area focusing on the system as a whole. Evaluate the impact of the pico cell deployment to the system 
 Proposal #7: Adopt the parameters specified in TS36.814 as many as possible. Adopt the basic parameters listed in Table 3. 

 
 Proposal #8: For the path loss model, adopt the model 1 specified in TS36.814.
3.1.5. HetNet mobility specific parameters
Proposal #9: Adopt the parameters specified in TS36.814 as many as possible. Adopt the basic parameters listed in Table 4. 

Proposal #10: Adopt the measurement error model as defined above.

Proposal #11: Adopt the percentage of the total resource blocks being used in a cell as the percentage of cell loading.
3.1.6. UE Placement and Trajectories
Proposal #12: Adope alt3 for UE placement and trajectories for the pico hot spot simulation. UEs only randomly placed on a circle around pico cell.

Proposal #13: Adopt alt4 for UE placement and trajectories for the large area system simulation.
Further discussion

3.2. 

3.2.1. Typical Radio Parameter Configurations
3.2.2. The large area system simulation deserves more study and discussion. There are many questions requiring answers: 
1) Whether we should place picos randomly in the large area of interest or place the picos with fix pattern.
2) What metric/criterion would be used for evaluation of the overall system performance with the picos deployed.
3) What would be the reasonable number of picos should be considered in the simulation
3.2.3. The long running time for the large area system simulation would be a concern. It will be an important factor for deterinng the simulaton approach. We could discuss whether we should do exhaustive simulation of all the cases or we just pick some typical scenarios to simulate.But at least we should agree with a few typical scenarios as references for companies to calibrate their simulation platform.
3.3. 

3.3.1. HetNet mobility specific parameters
Consider a minimum set of the parameters for saving simulation time.

??For the parameters with more than two values, at least use the largest and smallest values for simulation to facilitate the comparison of the simulation results among the companies.??
Adopt the TU or ITU model (with fast fading) as the channel model based on majority vote?
3.3.2. A minimum parameter set should be identified.
3.3.3. UE Placement and Trajectories
UE placement and trajectories for the large area system simulation deserves further sdudy and discussion. It has to be very careful on randomly placing the UEs in a large area to ensure not causing bias with the simulation. 
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� It indicated that the source cell radio link failure (RLF) occurs. As a result, the UE measurement report and/or the HO command will fail due to the bad radio conditions and hence a handover failure is declared. If before HO_CMD is issued the short term average wideband CQI is above Qin, we consider the radio link is recovered (equavlent to N311 is set to 1).


� It represents the FL PDCCH failure occurs. As a result, the UE can not receive the FL RACH response messges after the receiving window is expired; hence handover failure is declared.
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