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1
Introduction
In RAN2#81 meeting and the following email discussion [81#32] [1], the mobility robustness in small cells was observed to be a challenge for small cell scenarios, especially if small cells are deployed on same frequency band than the overlaying macro cell, e.g. in Scenario#1. A similar observation has been made earlier in TR 36.839 [2]. 
However, if small cells are on different non-overlapping frequency band, e.g. in Scenario#2, similar conclusions could not be drawn due to the lack of results studying the challenge. Thus, the e-mail discussion [81#32] [1] concluded that more evaluations of the potential challenges in inter-frequency scenario are needed.
This contribution evaluates the mobility robustness in dense inter-frequency small cell scenario and studies the circumstances of employing RRC handover diversity signaling for improving mobility robustness in such scenario.
2
Inter-frequency Small Cell Scenario (Scenario #2)
The inter-frequency scenario used in this study consists of 12 randomly deployed small cells per Macro cell. The Macro cells’ inter-site distance was 500m and small cells were dropped in the area of 6 centermost overlaying macro cells as depicted in Figure 1. The macro cells and the small cells were deployed in different carriers so that the macro cells only interfere other macro cells and the small cells only interfere other small cells. 

NOTE: The small cells will also be called “Pico cells” in various occasions throughout this contribution.
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Figure 1: Scenario#2
Users (~1250 parallel calls) were moving in the area of the small cells with constant velocities of 3, 30 and 60 km/h for approximately 3 minutes of simulation time. A single constant speed was used in each simulation. The handover decisions for the users were made according to RSRP based A3 events (with HO threshold = 2 dB, Hysteresis = 1dB and TTT = 200ms). In addition, to ensure worst possible interference conditions for analyzing the potential mobility robustness issues, RB loading was set to 100% in all cells.
For comparison purposes, a similar simulation setup was configured for 10 Pico cells per Macro cell in intra-frequency scenario (i.e. Scenario #1) as well. This allows comparison of the intra- and inter-frequency scenarios, to better see the difference in the mobility robustness between the two scenarios.
3
Simulation Results

3.1
Overall Handover Performance
This section summarizes the simulation results. In Table I, overall handover performance metrics per UE per hour are shown for intra- and inter-frequency scenario. The “Received HO” indicates rate of UEs successfully decoding/receiving RRCConnectionReconfiguration- messages (containing mobilityControlInfo). The “Transmitted HO” indicates rate of transmitting the HO messages and the “Failed HO” indicates the rate of UEs failing to decode the transmitted RRCConnectionReconfiguration (with mobilityControlInfo) – message with all retransmissions. Results in Table I indicate that for 30 km/h and 60 km/h UE velocities, the intra-frequency scenario is clearly more challenging from mobility robustness perspective, whereas the studied inter-frequency scenario is quite robust against mobility problems despite interference due to dense deployment of small cells.
Table I: Overall handover metrics for intra- and inter-frequency scenario.

	Scenario
	3 km/h
	30 km/h
	60 km/h

	
	Intra
	Inter
	Intra
	Inter
	Intra
	Inter

	RLF/UE/s
	3.58e-5 
(0.3%)
	0
(0.0%)
	0.0039 
(3.4%)
	0.0008 
(0.6%)
	0.019 
(9.8%)
	0.0040 
(1.8%)

	Received

HO/UE/s
	0.0131
	0.0155
	0.1090
	0.1228
	0.1749
	0.2122

	Transmitted

HO/UE/s
	0.0131
	0.0155
	0.1139
	0.1241
	0.2014
	0.2193

	Failed

HO/UE/s
	4.48e-5 
(0.3%)
	0
(0.0%)
	0.0049 
(4.2%)
	0.0013
(1%)
	0.0265 (13.2%)
	0071 
(3.2%)


Figure 2a, Figure 2b, Figure 3a and Figure 3b show the percentage of received and failed HO messages for different handover types, i.e. separately for  macro-to-macro (MM), macro-to-pico (MP), pico-to-macro (PM) and pico-to-pico (PP) HO situations. Comparably to earlier studies in TR 36.839 [2], the PM handover situation is the most challenging handover situation in intra-frequency small cell deployments as indicated by the Figure 3a and Figure 3b. However, in the studied inter-frequency scenario, the handovers between the frequency layers were causing few problems and most of the failed HO command transmissions were occurring between MM and PP handovers as indicated by Figure 2a and Figure 2b. We also observed that the rate of RLFs is smaller than the rate of failed HO command transmissions, which is due to the fact that HO command transmission can fail several times before T310 expires resulting in a RLF.
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	Figure 2a: Percentage of received and failed HO transmissions 
	Figure 2b: Percentage of received and failed HO transmissions 
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	Figure 3a: Percentage of received and failed HO transmissions 
	Figure 3b: Percentage of received and failed HO transmissions 


Following observations are made from Figure 2 – Figure 3.
Observation 1: In intra-frequency scenario, most of the failed HO command transmissions occur in Pico-to-Macro situations.

Observation 2: In inter-frequency scenario, most of the failed HO command transmissions occur in Macro-to-Macro and Pico-to-Pico handover situations, whereas handover robustness is observed to be high in handovers between the frequency layers.

Since these results give some insight to the expected mobility robustness problems in the inter-frequency scenario (i.e. Scenario #2), we would propose to add them to the TR.

Proposal 1: Capture the results presented in this contribution in the TR to indicate the extent of the mobility robustness problems in the inter-frequency scenario #2.
3.2
Discussion on RRC Handover diversity in Inter-frequency scenario #2
RRC diversity was discussed earlier in [3] and it was seen as a solution where UE could receive HO related RRC signaling from serving eNB and target or assisting eNB. In [3], the main focus was on intra-frequency small cell network e.g., Scenario#1, showing some benefits of having RRC signaling diversity, especially, if Cell Range Extension (CRE) is used. However, the benefits of having such diversity in inter-frequency dual connection scenario were not investigated. It was expected that when number of small cells on inter-frequency layer increases the mobility problems may start to occur, especially, if full coverage on macro layer cannot be assumed [3].

Considering the results presented in the previous section, we see that since there are comparatively few problems with inter-frequency handovers in Scenario #2, the gains provided by the RRC diversity do not seem attractive: While employing RRC diversity could provide some gains for intra-frequency cases, the mobility robustness of inter-frequency cases is already quite good. Hence, the gains would be small and would likely not justify the extra complexity. 
Observation 3: Since RLF and HO command failure rates are already rather low in inter-frequency scenario, the additional gains of RRC diversity are expected to be low.
4
Conclusion

The following observations were made on the results shown in the paper:

Observation 1: In intra-frequency scenario, most of the failed HO command transmissions occur in Pico-Macro situations.

Observation 2: In inter-frequency scenario, most of the failed HO command transmissions occur in Macro-Macro and Pico-Pico handover situation whereas handover robustness was observed to be high in handovers between the frequency layers.

Observation 3: Since RLF and HO command failure rates are already rather low in inter-frequency scenario, the additional gains of RRC diversity are expected to be low.

Based on these observations, we make the following proposals:

Proposal 1: Capture the results presented in this contribution in the TR to indicate the extent of the mobility robustness problems in the inter-frequency scenario #2.
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Appendix A
Following simulation parameters were used during the simulations:

	Feature/Parameter
	Notes
	Value/Description

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors/19 BSs

	
	Inter site distance (ISD)
	0.5 km

	Small cell layout
	Randomly placed
	10 (intra), 12(inter) per macro cell

	Hotspot for UE movement/placement
	
	Polygon enclosing 6 centermost macro cells.

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(R)

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(R)

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	Antenna Gain
	Macro

Pico
	15 dB

5 dB

	Shadowing standard deviation
	Macro

Pico
	8 dB

10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro

Pico
	25 m

25 m

	Multipath delay profile
	
	Typical Urban

	UE velocity
	
	3 km/h, 30 km/h, 60 km/h

	UE movement
	How do the UEs move in the cell?
	Random

	UE placement
	Proportion of UEs placed inside the pico hotspot(s) for each cell
	All

	Handover parameters
	Threshold

Hysteresis

Time-to-trigger (normal mobility)
	2 dB

1 dB

200ms

	Ping-pong time
	Handovers which occur within ping-pong time are not counted for MSE.
	1000 ms.

	RSRP/Q Measurement
	L1 measurement period

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size
	40 ms (intra and inter-freq.)

6 RBs

2 dB

5

	Handover preparation time
	
	50 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310

N310
	-8 dB

-6 dB

1000 ms

1

	Cell identification
	
	Enabled

	RRC messages Sent Over Air
	How measurement reports and HO commands are modelled?
	Enabled

	Transmit mode
	UE receiver assumption
	1x2 MRC

	Number of calls/simulation
	
	~1250 active calls, average call length 179 seconds.

	DL Interference load
	Macro, Pico
	100% RBs loaded
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