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1 Introduction 
In RAN2 #77 it was agreed that we need to further investigate the impact of CRE/eICIC on the handover performance in a HetNet environment. In this contribution we provide the mobility performance for a heterogeneous network with cell range expansion (CRE).
2 Discussion 
Simulation assumptions
Large area HetNet simulations were used to study the mobility performance. We followed the simulation assumptions in TR36.839 and TR 36.814. The simulation assumptions on eICIC are described in Table 1.
Table 1 Simulation assumptions for eICIC
	Items
	Descriptions

	Configuration parameter set
	Set 3 in TR36.839 with UE speed 30km/h

	Pico palcement
	1 pico per macro cell, the pico is placed at boresight 1/3 ISD (i.e., 2/3 of the cell radius)

	CRE bias
	0dB, 6dB

	Pico UE
	When a UE is connected to a pico, it is assumed that the UE does not experience any interference from the macro cell that the pico belongs to. However the UE still sees the interference from other macro cells. In other words, we assume that the ABS patterns of the macro cells are not synchronized.


Mobility performance with CRE
We first consider the performance of the following two cases: 
· Case 1: without CRE (i.e., CRE 0dB)
· Case 2: CRE with bias value 6dB 

When CRE is employed, the triggering criteria of A3 event for differnt types of handovers are described as follows:
· Macro-to-macro: RSRP(neighbour macro) > RSRP(serving macro) + A3_offset
· Macro-to-pico: RSRP(neighbour pico) > RSRP(serving macro) + A3_offset – CRE bias

· Pico-to-macro: RSRP(neighbour macro) > RSRP(serving pico) + A3_offset + CRE bias

While Table 2 to Table 4 in Appendix capture the complete set of simulation results, Figure 1 pictures the P2M and M2P handover failure (HOF) rates with and without CRE. We have the following observations:

· Pico-to-macro handvoers: In case of CRE bias 6dB we observe a significant increase in the State 2 HOF rate from 5% to 21%. These P2M State 2 HO failures are caused by the missing HO commands due to the low SINR in pico cell. Although ABS is configured to reduce the interference to the UEs in the pico range expansion area, depending on the ABS coordination among macro cells, sometimes the reduced interference may not  be significant enough to keep a good SINR level in the range expansion area. For example, if all the macro cells use the same ABS pattern, then we should expect good SINR levels in the range expansion area [1]. However  in our simulaiton, we assumed that the pico UE is only immune to the interference from the macro cell that the pico cell belongs to. Therefore, the pico UE which are close to the macro cell edge may not see sufficient SINRs due to the dominant interference from the other 56 macro cells.
· Macro-to-pico handovers: In case of CRE bias 6dB we observe an increase in the State 3 HOF rate from 0.2% to 2.2%. These M2P State 3 HO failure are caused by the failed RACH to the target pico cell due to the low SINRs in part of the pico range expansion area.
· Macro-to-macro handovers: The CRE does not impact M2M HOF rates.
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Figure 1 HO failure rates for pico-to-macro and macro-to-pico with and without CRE
Observation 1: Depending on the ABS coordination among macro cells, the SINR levels in the pico range expansion area may not always be sufficient. The insufficient SINRs in pico range expansion area increase P2M State 2 HOF rates and M2P State 3 HOF rates.  
CRE with RSRQ threshold

To address the significantly increased P2M State 2 HOF rates in case of CRE, we apply a RSRQ threshold, i.e., a pico UE will be handed out to the macro if the pico RSRQ is low than the threshold. This RSRQ thresholding scheme was also discussed in RAN1 contributions [2]

 REF _Ref319323634 \n \h 
[3]. We considered the performance of the following two cases for CRE with RSRQ threshold: 
Case 3: CRE 6dB with RSRQ threshold -6dB

Case 4: CRE 6dB with RSRQ threhold -4dB

Figure 2 shows the improvement of the P2M State 2 HOF rates using the RSRQ threshold. As expected, the P2M State 2 HOF rate is reduced from 21% without RSRQ threshold to 14% with RSRQ threshold -6dB. When we further increase the RSRQ threshold to -4dB, the P2M State 2 HOF rate is further down to 8% but at the expense of more frequent ping-pongs as shown in Figure 3. Therefore for the simulated scenarios, the RSRQ threshold of -6dB is appropriate.
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Figure 2 HOF rate of pico-to-macro with RSRQ threshold
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Figure 3 Short ToS rate 
Although a high RSRQ threshold is preferred to reduce the P2M HOF rate, it may limit the traffic offloading to pico cells. Figure 4 shows the CDF curves of the time-of-stay in pico cells. We observe that for a high RSRQ threshold such as -4dB the traffic offloading is impacted as the ToS in pico is much reduced. However for the RSRQ threshold -6dB the pico traffic offloading is not impacted while the P2M HOF rate is significantly improved.
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Figure 4 Time-of-stay in pico cells

Similar to applying a RSRQ threshold to a pico UE, RSRQ thresholding should also apply to macro UEs, i.e., a macro UE should not hand into the pico range expansion area if the pico SINR is not high enough. This will help  RACH process to the target pico cell and reduce the M2P State 3 HOF rate.

To enable the RSRQ thresholding, the network may configure A2 event (serving becomes worse than the threshold) for  a pico UE in range expansion area so that the network will be notified if the radio quality from the serving pico deteriorates and hence the pico UE can be handed out to the macro. Similarly the network may configure A4 event (neighbour becomes better than threshold) for a macro UE to avoid the network prematurely handing a macro UE into a pico range expansion area.
Observation 2: We should not force every UE in the range expansion area to connect to pico. A pico UE in range expansion area should hand out to the macro if the pico SINR is lower than a threshold. Similarly a macro UE should not hand in to the pico range expansion area unless the pico SINR is higher than a threshold.
3 Conclusion  
In this paper, we evaluated the mobility performance for a HetNet with CRE. We have the following observations:
Observation 1: Depending on the ABS coordination among macro cells, the SINR levels in the pico range expansion area may not always be sufficient. The insufficient SINRs in pico range expansion area increase P2M State 2 HOF rates and M2P State 3 HOF rates.  

Observation 2: We should not force every UE in the range expansion area to connect to pico. A pico UE in range expansion area should hand out to the macro if the pico SINR is lower than a threshold. Similarly a macro UE should not hand in to the pico range expansion area unless the pico SINR is higher than a threshold.
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5 Appendix

Table 2 Handover performance
	
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico

	Overall

	CRE 0dB 

	2
	HOFs/UE/s
	0.000055
	0.000571
	0.003556
	0.000000
	0.004183

	
	
	HO failure rate [%]
	0.508475
	5.073650
	4.193829
	0.000000
	3.909749

	
	3
	HOFs/UE/s
	0.000018
	0.000018
	0.000129
	0.000000
	0.000166

	
	
	HO failure rate [%]
	0.169492
	0.163666
	0.152108
	0.000000
	0.155012

	
	Total
	Successful HOs/UE/s
	0.010798
	0.010669
	0.081114
	0.000055
	0.102636

	
	
	HOFs/UE/s
	0.000074
	0.000590
	0.003685
	0.000000
	0.004349

	
	
	HO failure rate [%]
	0.677966
	5.237316
	4.345937
	0.000000
	4.064761

	CRE 6dB 

	2
	HOFs/UE/s
	0.000152
	0.005690
	0.002743
	0.000229
	0.008814

	
	
	HO failure rate [%]
	0.570885
	20.645161
	3.680982
	52.941176
	6.821309

	
	3
	HOFs/UE/s
	0.000584
	0.000025
	0.000127
	0.000025
	0.000762

	
	
	HO failure rate [%]
	2.188392
	0.092166
	0.170416
	5.882353
	0.589739

	
	Total
	Successful HOs/UE/s
	0.025960
	0.021845
	0.071658
	0.000178
	0.119641

	
	
	HOFs/UE/s
	0.000737
	0.005715
	0.002870
	0.000254
	0.009576

	
	
	HO failure rate [%]
	2.759277
	20.737327
	3.851397
	58.823529
	7.411048

	CRE 6dB, RSRQ threshold      -6dB
	2
	HOFs/UE/s
	0.000150
	0.003828
	0.002845
	0.000043
	0.006865

	
	
	HO failure rate [%]
	0.560000
	14.116719
	3.747535
	22.222222
	5.283081

	
	3
	HOFs/UE/s
	0.000663
	0.000000
	0.000150
	0.000000
	0.000813

	
	
	HO failure rate [%]
	2.480000
	0.000000
	0.197239
	0.000000
	0.625411

	
	Overall
	Successful HOs/UE/s
	0.025922
	0.023291
	0.072911
	0.000150
	0.122274

	
	
	HOFs/UE/s
	0.000813
	0.003828
	0.002994
	0.000043
	0.007678

	
	
	HO failure rate [%]
	3.040000
	14.116719
	3.944773
	22.222222
	5.908492

	CRE 6dB, RSRQ threshold      -4dB
	2
	HOFs/UE/s
	0.000159
	0.002489
	0.002747
	0.000119
	0.005515

	
	
	HO failure rate [%]
	0.526316
	8.245383
	3.622998
	60.000000
	4.040846

	
	3
	HOFs/UE/s
	0.000677
	0.000040
	0.000119
	0.000000
	0.000836

	
	
	HO failure rate [%]
	2.236842
	0.131926
	0.157522
	0.000000
	0.612691

	
	Total
	Successful HOs/UE/s
	0.029426
	0.027654
	0.072967
	0.000080
	0.130127

	
	
	HOFs/UE/s
	0.000836
	0.002528
	0.002867
	0.000119
	0.006351

	
	
	HO failure rate [%]
	2.763158
	8.377309
	3.780520
	60.000000
	4.653538


Table 3 RLF performance
	
	Average number of RLFs/UE/second

	
	State 1
	State 2_Normal
	State 2_HOF
	Overall

	CRE 0dB
	0.000000
	0.000000
	0.002967
	0.002967

	CRE 6dB
	0.000000
	0.000025
	0.006579
	0.006604

	CRE 6dB, RSRQ threshold -6dB
	0.000000
	0.000000
	0.004962
	0.004962

	CRE 6dB, RSRQ threshold -4dB
	0.000000
	0.000000
	0.004061
	0.004061


Table 4 Short time-of-stay (ToS) performance
	
	ToS metrics
	Overall

	CRE 0dB
	Short ToS/UE/s
	0.014631

	
	Short ToS rate [%]
	14.254937

	CRE 6dB
	Short ToS/UE/s
	0.019280

	
	Short ToS rate [%]
	16.114650

	CRE 6dB, RSRQ threshold -6dB
	Short ToS/UE/s
	0.021431

	
	Short ToS rate [%]
	17.526675

	CRE 6dB, RSRQ threshold -4dB
	Short ToS/UE/s
	0.028450

	
	Short ToS rate [%]
	21.863525











































































































� The handover failure rates in this column should be ignored as they are not significant statistical results due to the extremely few samples.





