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Introduction 
   
The draft of TR 36.842 concluded that mobility robustness for scenario #1 will use the results from TR 36.839 as baseline. The HetNet mobility enhancement for LTE in TR 36.839 has indicated that the failure to receive HO Command is the main cause of HO failure.
In this contribution, we will discuss possible solutions to improve the successful reception of HO command at the UE. 

HO command multicasting

It has been concluded during the study phase that the mobility performance with the currently defined HO mechanism is not as good in a typical heterogeneous deployment compared to the performance in a homogeneous network deployment. In particular, when the UE is moving from a low-power cell to a macro cell, the probability of UE successfully receiving the HO command (RRCConnectionReconfiguration message with the Mobility controlInfo IE) is low [1]. The probability of successful reception further reduces by increasing the cell range expansion (CRE) bias.
In these situations, the successful reception of HO command can be improved if the message is transmitted by multiple cells. Assuming that the HO command is available at the neighbouring cells (e.g. small cell and macro eNBs), the cells with respect to which the UE has acceptable DL SINR can transmit the message. For example if the probability of message error with respect to the transmission from cell- is ; if  cells transmit the same message, then the probability of message error,  becomes:

[bookmark: _GoBack]As shown in Figure 1, when UE- is moving away from a pico cell towards a macro cell, the HO command can be transmitted by both the serving cell, i.e. pico cell, , and the target cell, i.e. macro cell (). In another scenario, as illustrated in Figure 2, when UE- is moving away from a pico cell,  towards another pico cell, , the HO command can be transmitted by the serving cell, i.e. the pico cell, , the target cell, i.e. the pico cell,  and the macro cell, . 
Based on the deployment scenario, the UE may be asked to monitor other neighbouring cells for HO command in case the HO command is not received from the serving cell. The potential neighbour cells for transmitting the HO command can be configured by the serving eNB by defining a threshold on the neighbour list measurements. For example all the neighbour cells with respect which the measured RSRQ is above certain threshold can be monitored for the HO command in case of a suspected RLF. The transmission of HO command at each cell can be individually scheduled to reduce the coordination complexity. 



[bookmark: _Ref352078464]Figure 1


[bookmark: _Ref352078564]Figure 2

[bookmark: _Hlk284783292]Simulation results
The mobility performance of HO command multicasting has been evaluated for small cell scenario #1 in which the macro and small cells are on the same frequency. In the simulation the HO command is sent from multiple cells, in this case the source cell and target cell. The HO command is assumed to be successfully received at the UE if the filtered SINR over the past 200msec from either the source cell or the target cells is above Qout (-8dB). The SINR is estimated once every 10msec and averaged over a sliding window of 200msec.  We follow the simulation assumptions in TR36.839 and TR 36.814. We assumed 0dB CRE without eICIC. Simulation assumptions are described in Table 1.

[bookmark: _Ref318984756]Table 1 Simulation assumptions 
	Items
	Descriptions

	Macro cell ISD
	500m

	Small cell palcement
	1 small cell per macro cell, the small cell is placed at boresight 1/2 ISD 

	RSRP measurement
	measurement period 200ms; L3 filter K=1

	UE speed
	60km/h

	A3 offset
	2dB

	TTT
	160ms

	Cell loading
	100%




Table 2 to Table 4 compare the mobility performance with and without HO command multicasting. We observe that for UE speed of 60km/h HO command multicasting greatly reduces the number of HOFs/UE/sec and significantly improves the HOF rate. The overall HOF rate is reduced from 9% to 0.1%. The HO command multicasting also significantly reduces the number of RLFs. At higher UE speeds and/or larger CRE bias, much larger gain are expected with multicasting HO command.

[bookmark: _Ref352158137]Table 2 Handover performance
	
	Handover state
	Handover metrics
	Handover performance in HetNets

	
	
	
	macro-pico
	pico-macro
	macro-macro
	pico-pico[footnoteRef:1] [1:  The handover failure rates in this column should be ignored as they are not significant statistical results due to the extremely few samples.] 

	Overall

	w/o HO command multicasting 
	2
	HOFs/UE/s
	0.002395
	0.003554
	0.007185
	0.000026
	0.013159

	
	
	HO failure rate [%]
	8.848716
	13.622902
	6.959341
	100.000000
	8.412907

	
	3
	HOFs/UE/s
	0.000026
	0.000052
	0.000129
	0.000000
	0.000206

	
	
	HO failure rate [%]
	0.095147
	0.197433
	0.124719
	0.000000
	0.131709

	
	Total
	Successful HOs/UE/s
	0.024644
	0.022481
	0.095922
	0.000000
	0.143047

	
	
	HOFs/UE/s
	0.002421
	0.003605
	0.007313
	0.000026
	0.013365

	
	
	HO failure rate [%]
	8.943863
	13.820336
	7.084061
	100.000000
	8.544616

	with HO command multicasting
	2
	HOFs/UE/s
	0.000013
	0.000013
	0.000000
	0.000000
	0.000025

	
	
	HO failure rate [%]
	0.049925
	0.050226
	0.000000
	0.000000
	0.016724

	
	3
	HOFs/UE/s
	0.000025
	0.000025
	0.000114
	0.000000
	0.000165

	
	
	HO failure rate [%]
	0.099850
	0.100452
	0.113023
	0.000000
	0.108705

	
	Total
	Successful HOs/UE/s
	0.025368
	0.025216
	0.100889
	0.000025
	0.151499

	
	
	HOFs/UE/s
	0.000038
	0.000038
	0.000114
	0.000000
	0.000190

	
	
	HO failure rate [%]
	0.149775
	0.150678
	0.113023
	0.000000
	0.125429



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

	
	State 1
	State 2_Normal
	State 2_HOF
	Overall

	w/o HO command multicasting
	0.000000
	0.000000
	0.007957
	0.007957

	w/ HO command multicasting
	0.000000
	0.000000
	0.000025
	0.000025



[bookmark: _Ref352158144]Table 4 Short time-of-stay (ToS) performance
	
	ToS metrics
	Overall

	w/o HO command multicasting
	Short ToS/UE/s
	0.022584

	
	Short ToS rate [%]
	15.787579

	w/ HO command multicasting
	Short ToS/UE/s
	0.021550

	
	Short ToS rate [%]
	14.224715




Conclusion  
In this paper, we discussed HO-command multicasting mechanisms to improve small cell enhancement mobility performance.  The results show significant improvement in small cell mobility performance for scenario #1.

Reference   
[bookmark: _Ref345505209]RP-122007, New WI proposal: Hetnet mobility enhancement for LTE
TR 36.839, “Mobility Enhancements in Heterogeneous Networks”, v11.1.0, Dec. 2012.
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