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1
Introduction
In RAN2 #83, several papers discussing mobility robustness for all three deployment scenarios were presented [2]

 REF _Ref363466622 \r \h 
 \* MERGEFORMAT [3]

 REF _Ref363466625 \r \h 
 \* MERGEFORMAT [4]. It was agreed that mobility robustness is a challenge for scenario 1 (intra-frequency) as well as a potential challenge for scenario 2 (inter-frequency) deployments [1]. 

In this contribution, we discuss and demonstrate the use of dual connectivity to recover from handover/radio link failures for scenario 1.  
2
Discussion
In dual connectivity scenarios, the UE is simultaneously connected to a MeNB and a SeNB. Since the MeNB and SeNB are spatially separated, the channels between the UE and eNBs are likely to be uncorrelated. In these circumstances, the diversity provided by dual connectivity can be exploited to improve mobility robustness. The term RRC diversity has been used in TR 26.842 [5] to refer to schemes where handover related RRC signalling is potentially transmitted from and/or to a potential target cell (e.g., the SeNB). It is expected that RRC diversity will lead to more successful handover performance by avoiding the need for the UE to perform a RRC re-establishment procedure.  
In this paper, we consider the scenario (Control Plane Alternative 1) where the RRC messages for a UE are generated only at the MeNB. A straightforward mechanism for deploying RRC diversity that is tailored to be fairly similar to the handover procedure defined by by 3GPP [6] to ensure minimal changes to the current specification is provided in Figure 1. We only focus on the control plane handling and do not discuss user plane handling for simplicity of illustration.
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Figure 1: Handover procedure for dually connected UEs
Note that the above procedure only applies to the UEs that are dually connected. For UEs that are connected to only a single eNB, there is no change from the current (Release 11) specification. 

In our mechanism, we require the MeNB to always handover to the SeNB. We believe that this requirement does not have a serious performance impact because the network continuously strives to connect to the best available SeNB and there are some advantages in handing off to the SeNB than a new eNB e.g., minimizing UE context transfer and maintaining a connection with the SeNB. Since the final RRC message can only be sent by the MeNB, we require (in steps 7-8) that the MeNB delivers the RRC message to the SeNB for layer 2 transmission to the UE. Alternately, the handover message could also have been sent directly by the MeNB to the UE. We also assume conservatively that the UE needs to synchronize (RACH) with the SeNB in step 9. Once the SeNB assumes the role of the MeNB, it is free to add an additional SeNB, if available. 

In Figure 2, we also outline a mechanism similar to our handover procedure in the case of handover or radio link failure.
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Figure 2: Recovery from link failure between MeNB and UE
3
Simulation Results
For dually connected UEs, we define a handover failure to have occurred when the MeNB initiates a handover attempt and the handover procedure fails.  The MeNB initiates a handover attempt when event A3 occurs and handover is supposed to have failed if UE fails to establish a connection with the SeNB (see Figure 1). We define a radio link failure (in the context of dual connectivity) to have occurred if the UE needs to re-establish a connection to the network because the link between the MeNB and the UE fails and the recovery procedure outlined in Figure 2 is unsuccessful. Note that since we assume that the RRC state for a UE is maintained in the network only at the MeNB, we do not count link failures between the SeNB and UE for HOF/RLF calculations. The models and parameters used in the simulation are presented in Table 1.

A handover or radio link failure results in the UE attempting to re-establish a connection with the network. A good metric for comparing mobility robustness is the rate at which UEs attempt to re-establish connectivity. In Table 2 and Table 3, we compare re-establishment rates for singly connected (HetNets) and dually connected scenarios for different UE speeds, and for different values of backhaul delay.

	Simulation Item
	Description

	Macro cell placement
	TR 36.839 large area model with no wrap around and 3 tiers, ISD=500m

	Small cell palcement
	1 small cell in the middle of each macro cell edge, i.e. 1 per macro sector as in 3GPP 36.839 large area model

	Bandwidth, transmit power and cell loading
	Macro: 10 MHz cell BW, 46 dBm Tx power, 100% cell loading

Small: 10 MHz cell BW, 30 dBm Tx power, 100% cell loading

	UE mobility
	Initial distribution is uniform, UEs move in straight line within bouncing circle, different speeds (30, 60, 120 Km/h) modeled

	Propagation model
	Distance based pathloss with TU, as per TR 36.814 

	Measurements
	RSRP based, A3 event offset=2dB, TTT = 1000ms, L3 filter K = 1

	Handover delay
	50ms preparation delay plus effect of non-ideal backhaul when small cell is source and/or target 

	RLF model
	Singly connected UEs: same as TR 36.839

Dually connected UEs: Link between the MeNB and UE fails (in the sense of TR 36.839) and the recovery procedure in Figure 2 doesn’t succeed

	HOF model
	Singly connected UEs: same as TR 36.839

Dually connected UEs: MeNB initiates a handover attempt and the handover procedure (Figure 1) fails


Table 1: Simulation parameters

	Backhaul delay (ms)
	30km/h
	60km/h
	120km/h

	0
	.0145
	.0382
	.1002

	15
	.0166
	.0397
	.0998

	30
	.0156
	.0395
	.0998


Table 2: Reestablishment rates for singly connected UEs (HetNets)
	Backhaul delay (ms)
	30km/h
	60km/h
	120km/h

	0
	.0119
	.0268
	.0565

	15
	.0119
	.0267
	.0567

	30
	.0119
	.0268
	.0569


Table 3: Reestablishment rates for dually connected UEs
4
Conclusions

In this contribution, we discuss the use of dual connectivity for recovering from HOF/RLF to improve mobility robustness. Our results show that mobility robustness is enhanced significantly by using RRC diversity in intra-frequency (Scenario 1) deployments.
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