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Introduction 
HetNet mobility enhancement for LTE has been approved as a Work Item for Rel-12 [1]. The WI will focus on the aspects or problems already studied in the Rel-11 HetNet Mobility SI and documented in TR36.839. One objective of the WI is to improve overall HO performance with regard to HO failure and ping-pong in HetNet environments. 
During the SI, as captured in TR36.839, based on the simulation study the following conclusion was reached on HetNet mobility performance with eICIC:
· Use of a large CRE bias (e.g. 6dB) with non-ideal ABS pattern coordination among macro cells can lead to mobility performance degradation.
In this contribution, we will discuss possible solutions to improve mobility performance with eICIC for the case of large CRE bias with non-ideal ABS pattern.  

Mobility problems with CRE and possible solutions
The network usually configures an A3 event to trigger the UE to perform periodic measurement reporting in order for the network to make handover decisions. When CRE is enabled at the pico cell, in case of the UE moving from macro to pico cell, the network will hand the UE over to the pico cell early, i.e., when RSRP(neighbour pico) > RSRP(serving macro) + A3_offset – CRE bias. When the UE moves from pico to macro cell, the network will hand the UE over to the macro cell late, i.e., when RSRP(neighbour macro) > RSRP(serving pico) + A3_offset + CRE bias. 
Depending on the ABS patterns of the neighbouring macro cells and the pico-cell location, the UE may not always experience sufficient SINR while in the pico range expansion area. This could degrade the mobility performance as shown in [2]. For example, when the ABS patterns of the macro cells are not synchronized in time (i.e. non-ideal ABS pattern coordination), the UE in the pico cell is protected from the overlay macro-cell interference but still affected by interference from other neighbour macro cells. The insufficient SINR in pico range expansion area could increase the pico-to-macro HOF rate due to the missing HO command from the serving pico cell. It also increases the macro-to-pico HOF rate due to the failed RACH to the target pico cell. Therefore solutions are needed to ensure that in low SINR cases the UE that is still in the range expansion area will handover to macro; similarly in macro-to-pico case the UE will not hand over to the pico range expansion area until the pico SINR is high enough.   
To improve the mobility performance with CRE, in case of the UE moving from pico to macro:
· We could apply a RSRQ threshold. In addition to an A3 event, the network could configure an A2 event (serving RSRQ becomes worse than threshold) for a pico-cell UE in the range expansion area. In this case the network will be notified via an A2 event if the radio quality from the serving pico cell deteriorates. Then the network could further configure the UE to perform periodic measurement reporting to report the strongest neighbouring cells so that the network could pick the best cell for the UE. To avoid delay due to the network configuring periodic measurement reporting, the UE could include the measurements of the neighbouring cells in the measurement report that has been triggered by an A2 event. Note that in the current specification, the measurement report triggered by an A2 event includes the measurement of the serving cell only.
· Alternatively, the pico-cell eNB may estimate the UE’s signal quality via CQI reports or packet error rate (PER) statistics. For example, if the pico-cell eNB receives a number of consecutive CQI reports with index 0 (CQI index 0 means that the UE cannot support the lowest MCS) or the pico eNB observes a high PER with lowest MCS transmission, it is a good indication that the UE’s signal quality is not good. In this case, the pico-cell eNB may configure the UE to perform periodic measurement reporting to report the strongest neighbouring cells so that the network will pick the best cell for the UE. However this approach may not work well for UEs with bursty traffic as the eNB may not get sufficient CQI reports and PER statistics. 
In the case of the UE moving from macro to pico cell, we could also apply a RSRQ threshold to improve the mobility performance. In addition to an A3 event, the network could configure an A4 event (neighbour RSRQ becomes better than threshold) for a macro UE. When the UE moves from a macro to pico cell, an A3 event might be triggered due to CRE. From the A3 measurement report, if the target cell is a pico cell with CRE, the network will not hand the UE into the pico until the A4 event is triggered for the same pico cell.  

To maximize traffic offloading to pico cells, in the above approaches instead of RSRQ the UE could trigger A2 and A4 events based on post-processing signal quality such as post-processing SINR at the receiver. The post-processing signal quality reflects the actual QoS at the UE. Triggering A2 and A4 events based on the post-processing signal quality could improve the triggering point setting for the measurement reports. Although the eNB might translate a post-processing SINR threshold to a RSRQ threshold, for some advanced UE receivers, e.g. MMSE-IRC (minimum mean square error – interference rejection combining) or IC (interference cancellation) receiver, the mapping between the post-processing SINR and RSRQ could be complicated.

[bookmark: _Hlk284783292]Simulation
The mobility performance of CRE with RSRQ thresholding has been evaluated using the large area HetNet simulation. As CRE causes more degradation to pico-to-macro HO than to macro-to-pico HO[footnoteRef:1], in the simulation we applied a RSRQ threshold for pico-to-macro HO with A2 event. That is, a pico UE will be handed out to the macro if the pico RSRQ is low than the threshold. We expect such a thresholding mechanism to improve the pico-to-macro HO performance. [1:  For example, as shown in [2], comparing the case of no CRE to the case of CRE bias 6dB, the pico-to-macro HOF rate increases from 5% to 21% while the macro-to-pico HOF rate increases from 0.7% to 2.7%.] 

We follow the simulation assumptions in TR36.839 and TR 36.814. Other simulation assumptions are described in Table 1.
[bookmark: _Ref318984756]Table 1 Simulation assumptions 
	Items
	Descriptions

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

	[bookmark: _GoBack]Pico placement
	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

	eICIC
	ABS is configued at the overlay macro cell only. When a UE is connected to a pico, it is assumed that the UE does not experience any interference from the overlay macro cell. 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.

	A2 event 
	TTT 160ms, RSRQ threshold -19.5dB and -17dB

	RSRQ
	L3 filter K=1; L1 to L3 period 200ms; The same measurement error modelling as RSRP, i.e., a normal distribution with deviation 1.216dB



The triggering criteria of A3 event for differnt types of handovers with CRE 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
In the simulation, we considered the performance of the following four cases: 
Case 1: without CRE (i.e., CRE 0dB)
Case 2: CRE with bias value 6dB, ABS is configued at the overlay macro cell only
Case 3: CRE with bias value 6dB, ABS is configued at the overlay macro cell only, RSRQ threshold -19.5dB for pico-to-macro HO
Case 4: CRE with bias value 6dB, ABS is configued at the overlay macro cell only, RSRQ threhold -17dB for pico-to-macro HO
While Table 2 to Table 4 in Appendix capture the complete set of simulation results, Figure 2 shows the improvement of the P2M State 2 HOF rates using the RSRQ threshold. The P2M State 2 HO failure is caused by the missing HO command due to the low SINR in pico cell. As expected, with CRE bias 6dB, the P2M State 2 HOF rate is reduced from 21% without RSRQ threshold to 12.5% with RSRQ threshold -19.5dB. When we further increase the RSRQ threshold to -17dB, the P2M State 2 HOF rate is further down to 7% but at the expense of more frequent ping-pongs as shown in Figure 3. 

[bookmark: _Ref319330139]Figure 2 HOF rate of pico-to-macro with RSRQ threshold


[bookmark: _Ref319331374]Figure 3 Short ToS rate 

In Figure 4 we show the CDF curves of the time-of-stay in pico cells. Although a high RSRQ threshold is preferred to reduce the P2M HOF rate, it may limit the traffic offloading to pico cells as the UE may be handed out to macro early. From Figure 4 we observe that for a high RSRQ threshold such as -17dB the traffic offloading is impacted as the ToS in pico is much reduced compared to the case of no RSRQ thresholding. However for the RSRQ threshold -19.5dB the pico traffic offloading is not impacted much while the P2M HOF rate is significantly improved. Therefore for the simulated scenarios, the RSRQ threshold of -19.5dB is appropriate when we consider the overall performance of HOF rate, ping-pong rate and pico traffic offloading. 
[image: ]
[bookmark: _Ref319332354]Figure 4 Time-of-stay in pico cells

Conclusion  
In this paper, we discussed mechanisms to improve HetNet mobility performance with CRE. One possible solution is that, in addition to an A3 event, the network configures an A2 or A4 event triggered by either the existing RSRQ or a post-processing signal quality.   
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Appendix
[bookmark: _Ref319314902]Table 2 Handover performance
	
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico[footnoteRef:2] [2:  The handover failure rates in this column should be ignored as they are not significant statistical results due to the extremely few samples.] 

	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      -19.5dB
	2
	HOFs/UE/s
	0.000215
	0.003673
	0.002677
	0.000039
	0.006604

	
	
	HO failure rate [%]
	0.759144
	12.625923
	3.556594
	20.000000
	4.970588

	
	3
	HOFs/UE/s
	0.000430
	0.000000
	0.000039
	0.000000
	0.000469

	
	
	HO failure rate [%]
	1.518288
	0.000000
	0.051921
	0.000000
	0.352941

	
	Overall
	Successful HOs/UE/s
	0.027665
	0.025418
	0.072542
	0.000156
	0.125782

	
	
	HOFs/UE/s
	0.000645
	0.003673
	0.002716
	0.000039
	0.007073

	
	
	HO failure rate [%]
	2.277433
	12.625923
	3.608515
	20.000000
	5.323529

	CRE 6dB, RSRQ threshold      -17dB
	2
	HOFs/UE/s
	0.000238
	0.002141
	0.002654
	0.000018
	0.005051

	
	
	HO failure rate [%]
	0.769231
	6.956005
	3.481393
	33.333333
	3.660477

	
	3
	HOFs/UE/s
	0.000659
	0.000037
	0.000073
	0.000000
	0.000769

	
	
	HO failure rate [%]
	2.130178
	0.118906
	0.096038
	0.000000
	0.557029

	
	Total
	Successful HOs/UE/s
	0.030034
	0.028607
	0.073502
	0.000037
	0.132180

	
	
	HOFs/UE/s
	0.000897
	0.002178
	0.002727
	0.000018
	0.005820

	
	
	HO failure rate [%]
	2.899408
	7.074911
	3.577431
	33.333333
	4.217507



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 -19.5dB
	0.000000
	0.000000
	0.004357
	0.004357

	CRE 6dB, RSRQ threshold -17dB
	0.000000
	0.000000
	0.003386
	0.003386



[bookmark: _Ref319314914]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 -19.5dB
	Short ToS/UE/s
	0.022178

	
	Short ToS rate [%]
	17.952084

	CRE 6dB, RSRQ threshold -17dB
	Short ToS/UE/s
	0.029723

	
	Short ToS rate [%]
	22.486846



Short ToS
Short ToS rate	CRE 0dB	CRE 6dB	CRE 6dB, 
RSRQ	
threshold 
-19.5dB	CRE 6dB, 
RSRQ	
threshold 
-17dB	14.2549371633752	16.114649681528594	17.952084017065893	22.486845749099899	Short Tos Rate (%)
pico-to-macro
State 2 HOF rate	CRE 0dB	CRE 6dB	CRE 6dB, 
RSRQ	
threshold 
-19.5dB	CRE 6dB, 
RSRQ	
threshold 
-17dB	5.0736497545008135	20.645161290322491	12.6259234385493	6.9560047562425602	overall HOF rate	CRE 0dB	CRE 6dB	CRE 6dB, 
RSRQ	
threshold 
-19.5dB	CRE 6dB, 
RSRQ	
threshold 
-17dB	5.2373158756137395	20.73732718894	12.6259234385493	7.0749108204518381	HOF rate (%)
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