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1. Introduction
Simulation assumptions for evaluating LTE mobility in Hetnet environments were captured, having many pamameters to be evaluated as in [1]. Since mobility performance depends on parameter settings, they should be narrowed down to understand the Hetnet mobility performance correctly. In addition, assumptions which sensitively affect handover failure should be modelled as realistic as possible. Hence, this paper attempts to provide operator’s views on the realistic assumption for typical Hetnet deployments. 
2. Simulation assumptions
2.1. UE speed
One of the most typical Hetnet deployments is to cope with a large amount of traffic in densely populated areas. Large popular meeting places, major station platforms and large shopping malls are examples imagined well. In such scenarios, most of UEs moves at the pedestrian speed. There are also vehicles (e.g., cars, buses) running in the dense area. However, in such croweded areas, their average speed is low. Up to 30km/h can be considered as a realistic vehicular speed. Therefore, the following is proposed:
Proposal 1:
Hetnet mobility performance at the UE speed of 3km/h should be evaluated as first priority. As second priority, the performance at the 30km/h speed should be evaluated.
2.2. Handover failure modelling

The handover failure is modelled as follows [1]:
1. RLF is detected during the time between entering Event A3 condition and receiving the HO Command.
2. PDCCH fails 100%, if T310 is triggered or running when HO Command is sent.

3. PDCCH fails 100%, if average wideband CQI is less than Qout at the end of the HO execution time, i.e., when HO Complete is sent.
The PDCCH failure model looks much too simple to evaluate mobility performance in a real system, as HO Command and HO Complete transmission will fail too pessimistic than the real system. Delivery of Measurement Reports, HO Command and HO Complete should be simulated taking HARQ and RLC retransmissions into account, since these retransmissions can model the successful delivery case even if T310 is running or CQI is less than Qout. In addition, the physical layer transmission of these messages should be modelled using link curves corresponding to the message size. These modelling can evaluate the real mobility performance correctly. This approach was also made in the past study [2, 3]. Therefore, the following is proposed:
Proposal 2:

HARQ and RLC retransmissions should be considered for delivery of Measurement Reports, HO Command and HO Complete messages. The physical layer transmission of these messages should also be modelled using link curves corresponding to the message size.
2.3. Need of UL interference modelling
Since Macro cells are overlapped with a number of Pico cells in the Hetnet, UL interference to Macro cells will increase. How UL signal from Pico UEs (UEs served by Pico eNBs) affects delivery of HO messages to Macro cells needs to be taken into account. To consider UL interference realistically, fractional TPC should be modelled. Therefore, the following is proposed:
Proposal 3:
UL interference from Pico UEs to Macro cells should be modelled, considering fractional TPC. 
3. Operator observation

The Hetnet simulation is to be done by two approaches, Hot spot model and large area system simulation [1]. The hot spot simulation would be useful to look into a root cause of handover failure for a specific scenario, e.g., Macro-to-Pico handover. However, how much the mobility performance of the specific scenario will affect the one as a total sytem could not be assessed. In contrast, the large area system simulation can evaluate the total mobility performance including all scenarios. For an operator to assess the Hetnet deployment, one of the decisive factors is that how the handover failure including all scenarios will be, compared with Homogenous networks. This is because it is not the matter for customers whether handcover failed from Macto to Pico, Macro to Macro, etc. Therefore, to assess the need of mobility enhancements under this SI, the following is proposed:

Proposal 4:
The need of mobility enhancements should be assessed by the mobility performance including all scenarios. 

Annex sections show our large area system simulation results by parameter set 2 [1] and the proposed assumptions. The reason to select the set 2 is because TTT of 160 ms and Event A3 offset of 3 dB is the closest value agreed for CA mobility and measurement in RAN4 [4]. From the results, an increase of HO failure rate can be observed at the UE speed of 3 and 30 km/h. However, the result that 96 % of HO is still succeeded should be highlighted. Ping-pong rate is quite low (1 %) and almost the same as the Homonet. If the HO failure increase is felt to be reduced, an appropriate parameter setting for Pico cells can do this. For instance, different TTT or Event A3 offset than Macro cells can be applied for Pico cells. Therefore, the following can be observed:
Observation 1:
The existing LTE mobility can work fine for Hetnet.
To increase system capacity in Hetnet, Cell Range Expansion (CRE) and time domain ICIC was introduced in Rel-10. How these features affect the mobility performance needs to be studied for further. Hence, the following can be observed: 
Observation 2:
Further study is needed for the case where CRE and time domain ICIC are applied. 

4. Summary and proposal
This paper provided operator’s view on realistic simulation assumptions for typical Hetnet deployments. In conclusion, the followings were proposed:
Proposal 1:
Hetnet mobility performance at the UE speed of 3km/h should be evaluated as first priority. As second priority, the performance at the 30km/h speed should be evaluated.

Proposal 2:
HARQ and RLC retransmissions should be considered for delivery of Measurement Reports, HO Command and HO Complete messages. The physical layer transmission of these messages should also be modelled using link curves corresponding to the message size.

Proposal 3:
UL interference from Pico UEs to Macro cells should be modelled, considering fractional TPC. 

Proposal 4:
The need of mobility enhancements should be assessed by the mobility performance including all scenarios. 
From our simulation results by the proposed assumptions, the followings could be observed:

Observation 1:
The existing LTE mobility can work fine for Hetnet.
Observation 2:
Further study is needed for the case where CRE and time domain ICIC are applied. 
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Annex A: Large area system simulation results 
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Fig.1
Handover failure rate.

NOTE:
The denominator is the number of HO attempts for each scenario. E.g., the Macro-to-Pico HO failure rate is derived as (number of the Macro-to-Pico HO failures)/ (number of the Macro-to-Pico HO attempts).
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Fig.2
Ping-pong rate and number of handover attempts.

NOTE:
The ping-pong definition is the same as [1].
Annex B: Simulation parameters

Table 1
Simulation parameters. ([1] and proposals in this paper)
  [image: image5.emf]Macro Pico

Carrier frequency/ Bandwidth 2 GHz/ 10 MHz

Cellular layout 19 cell sites, 3 sectors per site 4 pico-cells per sector

ISD 500 m -

Minimum distance between UE and 

eNB/pico eNB

35 m 10 m

Minimum distance between

(Macro and Pico / Pico and Pico)

75 m/ 40 m

Distance-dependent path loss 128.1 + 37.6log

10

(R) dB, Rin km 140.7 + 36.7log

10

(R) dB, Rin km

Shadowing standard deviation 8 dB 10 dB

Shadowing correlation 0.5 (between cells), 1 (between 

sectors)

0.5

Correlation distance of Shadowing 25 m

Penetration loss 20 dB

Channel model 6-ray Typical Urban

UE velocity 3, 30 km/h

Antenna pattern Case 1 3D in TR 36.814 Omni

Total BS TX power (Ptotal) 46 dBm 30 dBm

Fractional TPC max 23dBm, P

0 pusch

= -85 dBm, α = 0.8

Antenna configuration 1 Txand 2 Rx antenna ports

BS/ UE antenna gain+ cable loss 15 dBi 5 dBi

UE placement (for UL interference modeling) 25 UEs per sector  (TR 36.814)

Noise figure 9 dB

Traffic Full load

Simulation iteration 1000 sec 

×

200 times

Hysteresis 3 dB

TTT 160 ms

L3 filter coefficient 4

Intra-frequency measurement period 200 ms

Number of HARQ transmissions 5 (i.e., 4 retransmisions)

Number of RLC retransmissions 10 (i.e., 9 retransmissions)

HO message size MR (184 bits), HO Command (448 bits), HO Complete (96bits) [2]


Annex C: Simulation model
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Fig.3
Simulation model.
There are 19 eNBs and 3 macro cells (sectors) in each eNB, 4 pico cells are uniformly distributed in each cell. The UE drops uniformly and moves towards random direction with fixed speed, i.e., 3 and 30 km/h. UE handovers to an appropriate cell. For calculating UL interference, 25 UEs are uniformly set in each sector and select an appropriate cell (macro or pico cell). These UEs do not move. 
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