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1. Introduction
Mobility performance in the target deployment scenarios for small cell enhancements was discussed by email [1]. For Scenario #2 where macro and small cell are served by different frequencies, there was no conclusion on the expected challenge. Further study and simulation results were invited for this meeting. During the email discussion, we commented that potential degradation of HO failure rate would be foreseen in the street cell deployment where small cell provides continuous coverage. This paper attempts to explain the potential failure case by simulation results assuming a Manhattan scenario as specified in [2]. 
2. Discussion
2.1. Related analysis
In the beginning of Rel-9, mobility performance achieved by Rel-8 LTE was studied. During this study, the street cell deployment, i.e., Manhattan model was also assumed for the evaluation as in [3-6]. Overall, the conclusion was that Rel-8 LTE could meet the LTE requirements and no further enhancement was needed for Rel-9 [7]. According to the simulation analysis for the Manhattan model, most of RLFs occurred at the intersection as shown in [4]. This is due to the so-called urban canyon effect, namely channel condition is drastically changing from LOS to NLOS and vice versa. This urban canyon effect will result in unsuccessful delivery of Measurement Report and Handover Command as explained in [4]. 
2.2. Manhattan scenario with small cells
In the past analysis [3-6], the mobility performance, e.g., HO failure/RLF was evaluated statistically on system level. Generally their results can also be a baseline even for small cell deployments. Nevertheless, potential increase of HO failure will be foreseen in some cases, e.g., at the intersection as mentioned in [4]. Thus, this paper focuses on analysing mobility robustness at the intersection. 
Fig.1 shows macro and small cell location assumed in our simulation. A red triangle denotes a macro eNB site with 3 sector cells. A blue circle denotes a small eNB site with 1 cell. As shown in Fig.1, there are 2 or 3 small cells per a macro cell. Manhattan grid layout is based on the assumption in [8]. In this model, there is no coverage hole in the small cell layer because more than -1 dB of SINR is observed in all areas as shown in Fig.A2 (see Annex 2). 
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Fig.1
Macro and small cell location in a Manhattan scenario.
Fig.2 shows SINR distribution when a UE is connected to a small cell (Cell #A in Fig.2). In Fig.2, the following two cases can be observed:
Case #1: The UE turns right/left at the intersection and experiences drastic degradation of SINR (Intersection #1 in Fig.2)
This is due to the urban canyon effect explained in sub-clause 2.1.

Case #2: The UE goes through the intersection and experiences drastic degradation of SINR in the intersection (Intersection #2 in Fig.2).

This is because interference from neighbour cells becomes visible to the UE in the intersection while RSRP of serving cell becomes weaker. After passing through the intersection, SINR is recovered (larger than 0 dB). 
In both cases, if intra-frequency HO is performed and completed before the SINR degradation, the UE will not experience HO failure/RLF. The following analysis of the simulation shows that in some cases, handover completion cannot be performed on time before HO failure/ RLF is detected. 
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Fig.2
SINR distribution on Cell #A.
Fig.A3 in Annex 3 shows SINR distribution for Case #1 and #2. Assuming that the UE experiences HO failure/RLF below -8 dB of SINR (Qout) for Case #1, HO procedure has to be completed within 6 – 14m from the intersection as shown in Fig.A3 (See the vertical direction). In this scenario, the realistic UE speed would be up to 20 km/h. (20 km/h is considered as a maximum typical speed when UE is in a moving car and turning right/left at an intersection).  In this speed, even for the minimum distance case, i.e., 6 m, there is still 1 sec until the UE experience HO failure/RLF. Normally, intra-frequency HO procedure will be completed within 1 sec. However, shadowing deviation is not taken into account in this simulation. As such, the time until the UE experience RLF after turning right/left at the intersection might be shorter in practice. In that case, potential HO failure/RLF would be foreseen. 
Thus, in Case#1, potential HO failure/RLF may not be foreseen for pedestrian speed case, but it may be foreseen for moving care speed case.
For Case #2, the UE experiences quite low SINR at the intersection (around -15 dB) as shown in Fig.A3. For pedestrian and jogging speed, HO is likely to be failed due to sudden drop of SINR. This is also the case for moving car speed case since the UE needs to go through the intersection in a very high speed (e.g. more than 50 km/h to avoid detection of HO failure/ RLF, and this speed is considered not a typical speed for crossing intersection in the crowded area. To properly avoid HO failure/RLF in this scenario, one may argue thatif the macro cell coverage is also available, the network can perform inter-frequency HO to the macro cell before the UE enters intersection.. In order to do this, the UE needs to perform inter-frequency measurements before initiating HO, which requires longer time depending on the number of carriers to measure as shown in Table 1 below. From the table, we can see that the measurement will take at most 3840ms. Considering the HO procedure latency, roughly 4 sec is required in total to complete the HO procedure. In case of middle speed UEs, e.g., 50km/h, the UE moves 56 m in 4 sec. This means that the network has to activate the inter-frequency measurement at least 56m away from the intersection. As can be seen in Fig.A3, quite high SINR (16 dB) is observed at that point. Thus, inter-frequency HO to macro cell will result in loosing offloading opportunities to small cell.
In addition, if the same HO parameter is applied for all UEs regardless of their moving speed, the impact of losing offloading gain for the UE at pedestrian speed will be much worse since high SINR is observed in the small cell layer in much longer time for those UEs.
Furthermore, degrading user throughput due to activation of measurement gaps (15 % in case of gap pattern 0) is also one of the drawbacks of performing inter-frequency HO in this case.
Table 1
Required time for inter-frequency measurements (Tidentify_inter in [9])
	Tidentify_inter [msec]
	Number of carrier to measure (Nfreq in [9])

	3840
	1

	7680
	2

	11520
	3


NOTE:
measurement gap pattern 0 is assumed (i.e., Tinter1 = 60 ms)
Taking these results into account, higher HO failure rate than the average value would be foreseen when the UE is within the intersection and served by the small cell layer. Optimising the HO parameter for these cases could mitigate the issue. However, this may also lose offloading opportunities to the small cell as explained above.  
One may further argue that optimization of parameter setting for the small cell may be considered as a solution. As shown in the above analysis, different cases (e.g., cases based on location of intersections, cases based on user behaviour at the intersection (turns left/right or goes through), cases based on UE speed, etc.) may require different set of optimized parameter. Therefore, optimized parameter tuning for each small cell is cumbersome. 
One simple workaround for this problem is to serve and control mobility at the macro cell layer and utilize the small cell as an additional capacity boosting cell. This way such a problem can be resolved and the mobility performance can be made comparable with the macro only network. 
3. Summary and proposal
This paper analysed mobility robustness for the inter-frequency scenario in a Manhattan model. Consequently, the followings are observed:
Observation:
There would be cases where higher HO failure rate than the average value is foreseen if the UE served by the small cell is within the intersection and served by the small cell layer.

From these observations, the following is proposed:

Proposal:
Mobility robustness in Scenario #2 (inter-frequency scenario) should be considered as challenge for this study. 
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Annex 1: Simulation parameters
	Parameter
	value

	Small cell
	Carrier frequency
	2.0 GHz

	
	System bandwidth
	10 MHz

	
	Transmission power
	30 dBm

	
	RS transmission power
	2.22 dBm (2Tx and 3dB boost)

	
	Antenna gain
	5.0 dBi

	
	Antenna gain
	0 dBi

	
	Penetration loss
	0 dB

	
	UE noise figure
	9 dB

	
	Thermal noise
	-174.0 dBm/Hz

	
	Thermal noise per RS
	-123.24 dBm

	
	Qout
	-8 dB

	
	Qrxlevmin
	-128 dBm

	
	Qqualmin
	-20 dB

	Channel model
	Pathloss model
	Urban Micro (UMi) [8]

	
	Shadowing deviation
	0 dB

	Traffic model
	Full buffer


Annex 2: SINR distribution in small cell carrier
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Fig.A2

SINR distribution in small cell layer.
Annex 3: SINR distribution in Intersection #1 and #2
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Fig.A3

SINR distribution in Intersection #1 and #2.
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