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1 Introduction
Mobility robustness was discussed as a potential challenge for small cells in email discussion [81#32] and in meeting RAN2#81bis and RAN2#82. For Scenario #1 where pico cells are deployed in the same carrier frequency as macro cells, it was concluded in the email discussion that the results of study item Mobility enhancements in heterogeneous networks (TR 36.839 [1]) can be taken as a reference. 

As one solution to mitigate the mobility robustness issues, we presented RRC diversity in our previous contributions [2], [3]. This diversity feature could be realized in a dual connectivity scheme where the UE would be connected to two nodes at the same time. With diversity, e.g., the handover related RRC messages could be conveyed to the UE (or from the UE) via both source (e.g. pico) and target cell (e.g. macro). Moreover, out-of-sync consequences such as radio link failures in one of the cells could be prevented as long as the UE is able to receive the RRC signalling from at least one of the cells.
In this contribution we would like to share updated results for Scenario #1, where we simulated both sparse and dense pico deployments. It becomes obvious that the RRC diversity provides significant gains in terms of mobility robustness and for a scenario with cell range expansion gains in terms of offloading potential while keeping the mobility robustness issues within reasonable bounds. 
2 Discussion

In Mobility enhancements in Heterogeneous networks SI and WI (TR 36.839 [1]) as well as the Small cell enhancements SI (TR 36.842 [4], TR 36.932 [5]), various simulations were conducted to investigate the mobility robustness issues and gains by certain features. However, it is difficult to argue what is actually the baseline performance for those features, since the simulation results are very sensitive to assumption of e.g. network deployment and handover parameterization. In real networks, the mobility robustness performance strongly depends on how well-tuned a network deployment is towards the local radio conditions and the UE characteristics such as speed. With the currently specified HO parameters, network operators have already today a variety of options to tune their networks. The operators have the possibility to balance the network performance, e.g. between

· Ping-pong ratio and mobility robustness: A too-early handover would increase the ping-pong ratio, while a too-late handover might lead to DL mobility robustness issues in case of a pico outbound handover and additionally UL mobility robustness issues in case of all other handover types (macro-macro, macro-pico etc.). Ping-pong handovers have the disadvantage of unnecessarily increasing the path-switch frequency and CN load and thus should be minimized.

· Small cell offloading potential and mobility robustness: The higher the CRE for a pico cell is chosen, the more UEs will connect to it increasing the offloading gain as the macro resource utilization is decreased. However, this will decrease the mobility performance in the DL for pico outbound handovers due to strongly interfered PDCCH and lost handover commands. Furthermore, high CRE increases the chance of the UE triggering RLF while connected to the pico cell, e.g. due to false RSRP estimates in low SINR regions. 

With the RRC diversity feature we assume that the UE is able to transmit and receive RRC signalling to or from two separate eNBs. This functionality has multiple advantages that we would like to list in the following:

· DL diversity: PDCCH (for UL grant, DL assignment), PDSCH for Handover command

· UL diversity: SR, Measurement report

· RLF protection: UE could declare RLF only if both links are out of sync, since it maintains a radio link towards each of the eNBs.

It becomes obvious that with RRC diversity, the operators challenge in tuning their networks towards the above mentioned challenges for the local conditions is relaxed, since RRC diversity is able to address all of the potential issues. As RRC diversity implements the diversity in a higher layer without assumption of simultaneous transmission and reception, it works well under the assumption of a non-ideal backhaul and does not require tight coordination or synchronization between the involved cells, which would be the case however for e.g. ABS to support mobility robustness. Thus, RRC diversity is especially beneficial to lower the operator effort in their network tuning of the handover robustness. 

Observation 1 RRC diversity helps operators lowering their effort in network tuning by addressing multiple potential handover robustness issues.

Observation 2 Since RRC diversity is implemented on a higher layer, tight synchronization of transmission and reception, as well as resource and interference coordination, in the involved cells is not required.
In Scenario #1, as shown in Figure 1, increased failure rates have been identified in TR 36.839 [1], especially for handovers from pico to macro cells. The problem is that a UE entering a target cell while still connected to a source cell experiences radio link failure (RLF) before it is able to initiate the handover. By expanding the pico cell area with CRE to increase offloading potential, even higher RLF rates can be expected, as also discussed in [2] and as it becomes obvious in Section 3. 

With RRC diversity, the handover related RRC signalling could additionally be transmitted from or to a potential target cell. It can be expected that the UE entering the coverage area of the target cell will naturally have a better SINR to this cell (especially in case of CRE). RLF could in this case be prevented as long as the UE is able to maintain a connection to at least one of the cells. This will eventually lead to a more successful handover performance (i.e. UE RRC re-establishment procedure and inherent delays are avoided). 
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Figure 1: Handover region between macro and pico cell where RRC diversity can be applied. 
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Figure 2: Handover failure rate and throughput.
In Figure 2, the relation between HO failures, user throughput and CRE is shown schematically. For increasing CRE the pico-outbound handover margin increases and more HO failures will occur. The time of stay in the pico cell increases, which offloads the macro cell, leading to a higher average user throughput. To optimize the throughput, the highest acceptable HO failure rate should be chosen as an operation point. Since for RRC diversity lower HO failures can be expected, its operation point for the same maximum acceptable HO failure rate lies at a higher CRE and thus higher throughput.
3 Simulation results
In this section we present simulation results for the RRC diversity feature. We apply the general simulation assumptions as described in 3GPP TR 36-839 [1]. Noteworthy differences are described in the Annex. 
We will further distinguish between a co-channel deployment with 1 Pico cell per macro sector as well as 10 randomly deployed Pico cells per macro sector. In both scenarios we simulate a cell selection offset (CSO) of 0dB and 2dB. Please note that this offset delays initiation of the pico-outbound handovers, since it is considered in the A3 measurement event evaluation. However, it is not considered in the radio link monitoring triggering RLF, which might lead to the situation that RLF is triggered even before or in the beginning of the handover procedure. 
As compared to results provided previously, in this simulation setup, RRC diversity is restricted to be applied only between one Macro and one Pico cell at a time. RRC diversity is activated and deactivated based on an A3 RSRP measurement event between Macro and Pico with a hysteresis value of 2dB (considering CSO for pico inbound HOs), whereas the handover is initiated based on an A3 RSRP measurement event of 4dB (always considering CSO). This way, RRC diversity is always activated previous to the initiation of the handover procedure, i.e. including the cell range expansion area. 
Our simulation results are given in Table 1.
Table 1: Simulation results for RRC diversity.

	Scenario with 0dB CRE
	Scenario with 2 dB CRE

	1 Cell edge Pico
	10 Random Picos
	1 Cell edge Pico
	10 Random Picos

	Reference
	Diversity
	Reference
	Diversity
	Reference
	Diversity
	Reference
	Diversity
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Observations: In the 1 cell edge pico deployment more than 1/2 of the handovers correspond to macro to macro handovers. In the 10 random picos deployment most handovers are between macro and picos, as well as between picos. 
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Observations: As compared to the scenario with 0dB CRE, some more handovers are initiated from macro to pico than from pico to macro. The reason is that in the 2dB CRE scenario, more pico-outbound failures occur even before handover initiation. 
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Observations: For both deployments the handover failure rate can be significantly reduced with RRC diversity. In 1 cell edge pico deployment, we gain ~60% and for 10 random picos the gain is ~80%. 
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Observations: An absolutely higher failure rate can be observed for the 2dB CRE scenario as compared to 0dB CRE due to radio link failures before the delayed handover initiation. With RRC diversity, these failures can be significantly reduced, even to a level below the reference case of the 0dB CRE scenario. The relative gains are ~85%, and ~70% for 1 cell edge pico and 10 random picos deployment respectively. 
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Observations: RRC diversity is able to mitigate almost all pico-outbound failures (pico-macro and “pico RLM”=pico radio link failure before handover) in both deployment scenarios.
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Observations: RRC diversity is able to mitigate most of the pico-outbound failures in both deployment scenarios. Since RRC diversity includes RLM diversity and is activated earlier than the handover procedure is initiated, also most pico radio link failures (“pico RLM”) can be resolved with RRC diversity.
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Observations: Failures based on RLC transmission failures of the handover command as well as radio link failures (T310 expiry), which dominate the overall failure reasons, are resolved by RRC diversity. Additional failures e.g. due to the early measurement report to activate RRC diversity constitute only a minor increase in failures.  
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Observations: Same as for 0dB CRE scenario. However, in this 2dB CRE scenario, failures due to RLF (T310 expiry), occurring even before the handover procedure starts, dominate the overall failure reasons to a higher extent.
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Observations: In the 1 cell edge (“CE”) Pico deployment scenario, a higher downlink FTP rate can be achieved for most of the users by increasing the CRE by 2dB. Please note that with RRC diversity, this increase in throughput does not necessarily lead to an increase in handover failures as it would be the case in the legacy reference system. For the multiple pico scenario, where the pico cells are very lowly loaded, (due to 3GPP propagation model 1, as well as uniform user distribution, same number of users used in both deployment scenarios), the increase in cell throughput with the increase of cell range expansion by 2dB is negligible, however already at a significantly higher absolute level than in the 1 cell edge pico deployment.

	Avrg. resource utilization: 
Macro 90%, Pico 25%

Avrg. macro cell area throughput: 11 Mbit/s
	Avrg. resource utilization: Macro 80%, Pico 10%

Avrg. macro cell area throughput: 18 Mbit/s
	Avrg. resource utilization: 
Macro 90%, Pico 50%

Avrg. macro cell area throughput: 12 Mbit/s
	Avrg. resource utilization: 
Macro 80%, Pico 10%

Avrg. macro cell area throughput: 18 Mbit/s


4 Conclusion
In this contribution, we have studied the mobility robustness challenge with respect to cell range extension in a sparse as well as dense small cell deployment scenario and evaluated the RRC diversity feature to increase handover and radio link failure robustness. In our analysis we made the following observations:
Observation 1
RRC diversity helps operators lowering their effort in network tuning by addressing multiple potential handover robustness issues.

Observation 2
Since RRC diversity is implemented on a higher layer, tight synchronization of transmission and reception, as well as resource and interference coordination, in the involved cells is not required.

With respect to the results in Section 3 the following observations become apparent:

Observation 3
With RRC diversity, handover failures could be reduced significantly in the investigated scenarios, especially when CRE is applied. Among the failure types, almost all pico to macro handover failures and most of the pico radio link failures could be resolved. 

Observation 4
While keeping the handover failure rate within reasonable bounds, RRC diversity allows utilizing higher pico-outbound handover thresholds allowing for more offloading and higher throughput.
Based on the observations above, we propose the following:
Proposal 1
Based on the observations above, RRC diversity should be taken as a design target for dual connectivity. Furthermore, the detailed simulation results as presented in this contribution for Scenario #1 should be included in the TR 36.842, Section 7.1.2.
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6 Annex
6.1 Simulation assumptions

We apply the general simulation assumptions as described in 3GPP TR 36.839 [3], Section 5.2, except for the differences listed in the table below:

	Broad category
	Subcategory #1
	Subcategory #2
	Simulation assumptions

	Communication failure between UE and eNB
	RLF
	Parameters
	Qout = -8 dB, Qin = -6 dB, T310 = 1s, 
N310 = 1, N311 = 1, T311 = N/A

	
	
	Detection
	Wideband SINR checked against Qin/Qout.
If wideband SINR < Qout --> Start T310 timer
If wideband SINR > Qin --> stop T310

	
	
	Action
	UE remains in simulation

	
	
	Recovery
	RRC re-establishment

	
	
	RLF in diversity mode
	UE evaluates separate T310 timers per maintained connection. RLF is triggered only if T310 timers for all maintained connections expire.

	
	PDCCH
	Detection
	SINR is calculated and converted to BLEP using table from link level simulator. 

Details according to 36.211, 36.212 and 36.213.

(same model is also used for PDSCH errors)

	
	
	Action
	Handover message is not received

	
	
	Recovery
	RLC retransmission

	
	HOF
	Detection
	UE detects RLF during handover procedure

Max nr of RLC retransmissions reached

Max nr of RACH attempts reached

	
	
	Action
	UE remains in simulation

	
	
	Recovery
	RRC re-establishment

	Handover
	Measurements


	Quantity
	RSRP

	
	
	Error model
	According to relative measurement error in 36.133
Considers RSRP estimation error model where serving cell’s RSRP in low SINR regions is biased by non-serving RSRP.

	
	
	Filtering
	200ms L1 filtering, L3 filtering according to L3 coefficient

	
	
	Cell search
	N/A

	
	Measurement report


	Triggering
	According to A3 event: Margin = 4dB, TTT = 40ms, hysteresis = 0dB, L3-coeff. = 4

	
	
	Delay
	According to TTT parameter; No extra delays simulated

RLC transmission modelled

	
	
	Failure
	Max nr RLC retransmissions reached

	
	
	Action
	Upon reception, send handover command

	
	Early measurement report
	Triggering
	According to A3 event: Margin = 0dB, TTT = 40ms, hysteresis = 2dB, L3-coeff. = 4, 
report event on enter and leave

	
	
	Delay
	According to TTT parameter; No extra delays simulated

RLC transmission modelled

	
	
	Failure
	Max nr RLC retransmissions reached

	
	
	Action
	Upon reception, send RRC diversity reconfiguration

	
	Handover command
	Triggering
	When receiving A3 measurement report

	
	
	Delay
	50 ms preparation delay until HO command is sent

RLC transmission modelled

	
	
	Failure
	See HOF modelling

	
	RRC diversity reconfiguration
	Triggering
	Activate for report on enter and deactivate RRC diversity on report on leave 

	
	
	Delay
	No additional delay

RLC transmission modelled

	
	
	Failure
	See HOF modelling

	
	Handover process
	Triggering
	When receiving HO command

	
	
	Delay
	40 ms execution delay

RLC transmission modelled

	
	
	Failure
	See HOF modelling

	Network and UE setup
	Cell layout
	Macro cell positions
	Hexagonal grid with 3 sites with 3 cells each

	
	
	Macro cell loading
	Acc. to traffic model

	
	
	Other macro parameters
	10 MHz cell BW, 46 dBm tx power, 3D antenna pattern (from 36.814), ISD = 500 m

	
	
	Pico cell positions
	Option 1: 1 cell edge pico positioned at ISD/2 at boresight direction at every cell
Option 2: 10 random picos positioned 50m apart from each other and from macro site



	
	
	Pico cell loading
	Acc. to traffic model

	
	
	Other pico parameters
	10 MHz cell BW, 30 dBm tx power, omnidirectional antenna (from 36.814)

	
	UE layout
	Initial position
	Uniformly within simulation area

	
	
	Mobility model
	30km/h,

Random model: Straight line at random direction with wrap around

	
	
	Lifetime
	Infinite

	Propagation model
	Distance-based pathloss model
	Macro cells
	TR 36.814 Macro-cell model 1, indoor users

	
	
	Pico cells
	TR 36.814 Pico cell model 1, indoor users

	
	Slow fading / Shadowing model
	Correlation distance
	25 m for both macro and pico cells

	
	
	Correlation deviation
	8 dB

	
	
	Correlation coefficients
	1.0 for intra-site correlation;
0.5 for inter-site correlation

	
	
	Line of sight probability
	None

	Traffic model
	DL
	Traffic model
	Web, 400kB, 10s reading time

	
	
	Scheduler
	Proportional fair, priority for SRB

	
	UL
	Traffic model
	Web, HTTP get

	
	
	Scheduler
	Proportional fair, priority for SRB
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