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Discussion 
1. Introduction
In RAN4#57, the candidate set of ABS patterns for the evaluation of eICIC intra-frequency requirements has been agreed. RLM and RRM requirements for RRC_CONNECTED state will be studied under various interference conditions with the agreed baseline ABS patterns. In our view, RRM aspect related to Handover requirements in a co-channel Macro-Pico deployments and its impact on Rel-10 requirements needs to be evaluated as well.

Introduction of the co-channel small cells pose several challenges in the network deployment, and possible new requirements should be studied in the presence of co-channel small cells. This includes impact on the RSRP and RSRQ measurements requirement and it effect on the handover requirements.  
Previous studies [1]-[4] have focus on respective impact on the physical layer and upper layers related to Handover operations. In this initial simulation study, we evaluated the handover performance in both Macro-to-Pico and Pico-to-Macro scenarios and its implications to RAN4 Handover requirements. The Macro-to-Pico and Pico-to-Macro handovers were treated separately and some observations are provided to facilitate discussions and possible way forward in RAN4 on this issue.  

2. Discussion

2.1. Handover Requirements

In TS36.133, the requirements for handover are specified in terms of Handover Delay and Interruption Time in Section 5. Both requirements are dependent on a successful handover. In this study, an approach based on evaluating the HO failure is adopted. The connected mode mobility or handover based on Event A3 [5] is considered here. When the mobile is moving in the bore sight direction the RSRP profile of the macro and Pico is depicted in Figure 1.
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Figure 1: The Macro and PICO RSRP profile and the Macro-to-Pico and Pico-to-Macro HO process timeline.

When the mobile receives the HO measurement request it measures the RSRP periodically for e.g. every 40ms.  After the layer 3 RSRP filtering the HO process is initiated if 

RSRPPico  -   RSRPMacro  >  HO Threshold                                                      (1)

for the Macro-to-Pico handover. Then, the mobile continues to measure the RSRP and at the end of the Time-to-Trigger (TTT) period the mobile checks whether the condition in (1) is still satisfied when using the arithmetic average values of the RSRPs in TTT.  If the condition is satisfied the mobile sends the measurement report to the base station then the base station sends the HO command to the mobile.  Otherwise, mobile continue to measure the RSRP until the RSRP averages over a TTT moving window satisfy the condition in (1).

Similarly, the Pico-to-Macro HO is initiated when the 

RSRPMacro  -   RSRPPico  >  HO Threshold.                                                       (2)

Two possible scenarios for the HO failure are considered.  After the handover is initiated if the Macro downlink SINR falls below some threshold for e.g. -7 dB during the TTT period Macro radio link failure (RLF) occurs. Then, the mobile goes out of sync with the base station and may not be able to complete the HO process thus, it results in HO failure.   In some other situations, after receiving the mobile measurement report the base station sends the HO command to the mobile.  During that instant if the Pico downlink SINR is less than some threshold for e.g. -7 dB the Pico RLF occurs and mobile may not be able to establish a connection with Pico. This situation arises when large TTT is used and the mobile is moving out of the Pico coverage area.  Thus, the mobile may not be able to complete the HO process and the HO failure occurs.  

The mobile continue to measure the RSRPs for the TTT period. If the average RSRPs still satisfy the condition (2) the measurement report is sent to the base station and base station issues the handover command. Otherwise, the mobile continues to measure the RSRPs until the condition is satisfied. The two scenarios for the HO failure are as follows.  During the TTT period if the Pico DL SINR goes below some threshold (e.g.: -7dB) or the Pico DL RLF occurs mobile goes out of sync with the Pico before the HO process is completed. Thus, it results in HO failure.   The other scenario is, when the  base station sends the HO command  the Macro  DL SINR is below some threshold (e.g: -7dB) or the Macro DL is in RLF. In this case the Pico can not handover the mobile to the Macro thus, the HO failure occurs.

2.2. Simulation Overview

Detailed simulation setup and simulation results are captured in Appendix. In the simulation, 19 hexagonal cells/57 sectors are considered. The 2 GHz band is assumed with the macro inter-site distance (ISD) of 1.732 km. RSRP is measured as the HO metric in this simulation. In this simulation, RSRP L3 filtering, RSRP sampling error, correlated shadowing are included in the simuation. The handover performance is evaluated under difference system configurations such as different HO bias offset, TTT, L3 filtering configuration, pico locations for UEs handover in and out of the pico cell with difference speed. 
2.3. Simulation Results 
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Figure 2: Macro to pico HO performance under different HO thresholds (bias offset) and TTT configuration with L3 filter sampling rate 40 ms, K= 8. UE speed is at 3km/h and 30 km/h.
As shown from the simulation results in Figure 2, the performance is getting worse with the higher mobile speed. The larger TTT values and positive HO thresholds generally cause worse HO failure performance. When the positive HO threshold is given the effective pico coverage area is reduced. Larger TTT value implies the mobile is going to wait longer before it sends the measurement report. When it sends the measurement report the mobile reaches the center of the pico. There is a large chance for the Macro RLF due to the lower DL SINR or larger interference from pico at the center of the pico. As a result, HO process can not be completed and the HO failure occurs. In some specical cases with very large TTT and HO threshold the mobile may move out of the pico when it sends the measurement report. In this situation there is a chance for the pico DL RLF. Thus, a UE has already moved across the pico cell but HO procedures are not completed yet and HO failure occurs. On the other hand the lower TTT values and the negative HO thresholds provide better HO failure rates for all mobile speeds. The pico to macro HO simulation results in Appendix also show more results with similar mobility behaviour.
The Hanover performance for L3 filter K=0 and K=1 is shown in Figure 3. Overall, there is no significant difference between K=0 and K=1. Note that K=0 corrsponds to the case of no L3 filter. Comparing with the 40ms sample rate results in Figure 2, it shows that bigger K will increase the L3 filtering latency and lead to higher handover failure rate. 
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Figure 3: Macro to pico HO performance comparison with L3 filter sampling rate 40 ms, K= 0, 1. The UE speed is at 30 km/h.
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Figure 4: Macro to pico HO performance comparison with L3 filter sampling rate 40ms, 200 ms, K= 8. The UE speed is at 30 km/h.

In Figure 4, the impact of the sampling rate of L3 filter is compared. The HO performance with 200 ms sampling rate is much worse that 40ms sampling rate. Therefore, it is desired to have much higher L3 sampling rate, i.e. the higher L1 to L3 reporting rate.
3. Summary and proposal
In this study, simulation studies on the Handover performance under various system parameters have been performed.  Specifically, the various values of the L3 filter sampling rate, K value, Time-to-Trigger, and HO threshold are used. From the results, the following observations can be drawn:

Observation 1: The intercell interference between the macro and pico is one of the major factors causing the HO failure when the HO procedures cannot be completed before the radio link of the serving cell failed
Observation 2: Higher UE speed will reduce the time window for the UE and system to complete the HO procedure, which leads to higher HO failure rate.

The macro and pico mutual interference is found to increase radio link failure which leads to increase HO failure rates. This would eventually impact he HO requirements in terms of Handover Delay and Interuption Time.
It is proposed in this contribution that further studies be initiated in RAN4 on Handover core performance impacts and requirements for Rel-10 specifications due to co-channel Macro-Pico deployment. Both cases of with and without use of ABS should be considered.
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5. Appendix

5.1. Simulation Setup

The assumptions and the system parameters are adopted from 3GPP [2, 3] in the downlink simulations. A 19 hexagonal cell 57 sector model is considered in the study. A pico cell is placed on the bore sight direction of the base station antenna.   

1. Mobile Trajectories for simulation
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As shown in 
Figure 
 a mobile may take 3 equal probable trajectories in the center sector for both the Macro-to-Pico and Pico to Macro mobility. For the Macro-to Pico mobility the mobile is moving 0.2 inter site distance (ISD), where it starts at 0.1 ISD from the pico center and stops at 0.1 ISD on the opposite side.  In the Pico-to Macro scenario the mobile starts from the center of the Pico and travels 0.2 ISD in one of the 3 directions. They don’t change the direction or the velocity during the simulation.
Figure 4 Pico placement and the mobile trajectories for Macro-to-Pico and Pico-to-Macro Mobility

2. Simulation Assumptions

The handover decision can be based on the mobile measurements such as RSRP or RSRQ [6].  Here, the RSRP measurement based study is presented.  When the mobile received the indication from the base station it starts to measure the RSRP periodically for handover. The RSRP is affected by the distance dependent path loss, shadow fading, fast fading, etc.  Normally the RSRP measurement periodicity is chosen in the order of tens of milliseconds. As the RSRP measurement granularity is much larger than the coherence time of the channel the effects of the fast fading is averaged out. Thus, the fast fading is not employed in the simulations. Some of the assumptions for the macro and pico base stations are listed in Table 1 and 2, respectively.
Table 1 Macro related simulation assumptions

	Parameter
	Assumption

	Inter site distance (ISD)
	1.732 km

	Losses  (penetration, etc)
	20 dB

	Am (front to back ratio)
	20 dB

	\theta_{3dB}
	70 deg

	Path loss
	128.1 + 37.6 log10(R)  dB

	TX power
	46 dBm

	Antenna Gain
	14dBi

	Shadowing std deviation
	8 dB

	Shadow correlation
	0.5 between cells/ 1 between sectors

	Shadow correlation distance
	50m

	Antenna configuration
	1x1


Table 2 Pico related simulation assumptions

	Parameter
	Assumption

	Pathloss
	140.7 + 36.7  log10(R)  dB

	TX power
	30 dBm

	Losses (penetration, etc)
	20 dB

	Antenna Gain
	5 dBi (Omni)

	Shadowing std. deviation
	10 dB

	Shadow correlation 
	0.5 between cells

	Antenna configuration
	1x1


RSRP measurement error modeling 

The RSRP measurement accuracy +/- 3 dB required according to [7].  The RSRP measurement error is modeled as truncated Gaussian random variable in [-3 dB +3dB] with standard deviation 2 dB.

Layer 3 RSRP filtering 

Periodically measured RSRP is passed through an IIR filter to make the accurate HO decisions.  The filter is denoted as

Fn = (1-a) Fn-1  + a  Mn                                                                        

Where a = ½ ^(K/4), Mn is the current measurement, Fn-1, Fn  are the previous and current filtered RSRP values, respectively. In this paper K is assumed as 8 unless it is explicitly stated. 
� EMBED Visio.Drawing.11  ���











� EMBED Visio.Drawing.11  ���








[image: image8.emf]1

2

3

1

2

3

[image: image9.emf]1

2

3

1

2

3

_1345976195.vsd
Measurement instant for handover initiation


Time to 
Trigger


Measurement report


Handover Command


Macro


Pico


RSRP


Distance


HO Threshold



_1345880973.vsd
1


2


3


1


2


3



