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1. Introduction
In last RAN2 meeting, three deployment scenarios are defined as follows:
· Scenario 1: Macro and pico cells on the same carrier frequency (intra frequency) connected via non-ideal backhaul; 

· Scenario 2: Macro and pico cells on different carrier frequencies (inter frequency) connected via non-ideal backhaul
· Scenario 3: Only pico cells on one or more carrier frequencies connected via non-ideal backhaul typically low and medium UE mobility
Moreover, several challenges are expected in the future studies. In this paper, we will discuss the possibilities of the inter-freq mobility among small cells in three scenarios and the corresponding challenge for the mobility robustness. 
2. Inter-freq mobility among small cells in scenarios 1~3
For scenario 1, since macro cell and pico cells are on the same carrier frequency, inter-freq mobility among small cells may not be applicable. However, for scenarios 2&3, we can further define four sub-scenarios to clarify the deployment among small cells, as shown in Fig. 1: 

Sub-scenario 1 (single frequency in each small cell): all small cells operate on the same carrier frequency;

Sub-scenario 2 (single frequency in each small cell): different small cells operate on different carrier frequencies;
Sub-scenario 3 (multiple frequencies in each small cell): all small cells operate on the same set of frequencies;
Sub-scenario 4 (multiple frequencies in each small cell): all small cells operate on the different sets of frequencies (with or without overlapped carrier frequencies)
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Fig. 1. Deployment scenarios among small cells
Sub-scenarios 2~4 may appear if small cells apply operational carrier selection function to reduce the interference among small cells.

Proposal 1: RAN2 is respectfully asked to clarify sub-scenarios 1~4 among small cells under current deployment scenario definition. 
In four sub-scenarios, the inter-freq mobility is possible in some cases. For example, in sub-scenario 2, the inter-freq mobility is inevitable between cell 1 and cell 2. In sub-scenarios 3&4, if the intra-freq neighbouring cell is overloaded, the inter-freq handover has to be carried out. For instance, in sub-scenario 3, if cell 3@f1 is overloaded, the UEs in cell 1@f1 have to perform inter-freq handover to access cell 4@f2.
Proposal 2: RAN2 is respectfully asked to clarify the possibility of inter-freq mobility among small cells. 

3. Potential issues for inter-freq mobility among small cells 
Based on the e-mail discussion [81#32], several companies expressed that small cell only case is similar to the macro-only case so that the mobility robustness is not a challenge issue. However, we have different understanding if inter-freq mobility is considered among small cells. Taking sub-scenario 2 as an example, as shown in Fig. 2, the inter-freq handover from small cell 1 to small cell 2 has the following features:

· Feature 1: inter-freq cell identification and measurement take longer time than intra-freq case

According to [1], the inter-freq cell identification may take 3.84s in the worst case and the inter-frequency measurement period is 480ms. In other words, the UE may take a long period (e.g., several seconds) before sending one event A3 triggered measurement report to initialize the handover. 
· Feature 2: small HO region 

Due to the size of small cell, the HO region between small cells is much smaller than macro-only scenario.

· Feature 3: fast signal attenuation of high frequency band

Since the small cell may be operated over high frequency band deployment, e.g., 3.5GHz, the signal attenuation will be much faster than the low frequency band (e.g., 2GHz). 
Accordingly, Feature 3 results in that the UE cannot identify the inter-freq neighbouring until closing to neighbouring small cell (e.g., the UE cannot identify small cell 2 during stage 1 in Fig. 2), and Feature 2 indicates that the UE, especially for that with high speed (e.g., the UE with speed of 30Km/h can move across the small cell with diameter of 50m [2] by 6s), has to take short time to finish the successive procedures for handover, including cell identification, inter-freq measurement and handover preparation (e.g., the period of stage 2 in Fig. 2 is short). However, Feature 1 introduces large delay due to inter-freq identification and measurement. In this sense, the performance of the inter-freq mobility among small cells may be degraded compared to macro-only case.
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Fig. 2. Inter-freq mobility between small cells
Furthermore, when considering inter-freq mobility among small cells, two different cases may occur depending on the deployment scenarios defined by RAN2:
1) Case 1: small cell is deployed under macro cell coverage, e.g., scenario 2 

Since the macro cell provides the basic coverage, the UE can be handed over to the macro cell by default to avoid failure if the inter-freq handover is not triggered or triggered lately. In this case, the load of macro cell would increase. Consequently, to facilitate the offloading capability of small cell, the macro cell may hand UE over to the small cell again after deriving the inter-freq measurement results. The corresponding procedure is shown in Fig. 3. In this sense, the handover signalling over the network will increase, which becomes a challenge for the non-ideal backhaul between macro and small cell. 
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Fig. 3. Inter-freq mobility with macro coverage

2) Case 2: small cell is not deployed under macro cell coverage, e.g., scenario 3

In this case, no default target cell, i.e., macro cell, can be chosen so that the inter-freq handover between small cells is inevitable. However, based on the analysis above, the handover may be delayed due to Features 1~3 so that the rate of RLF/HOF may increase.
Therefore, considering the possible impact in these two cases, we propose

Proposal 3: RAN2 is respectfully to evaluate inter-freq mobility performance among small cells. 
4. Conclusion
In this paper, we further clarify the scenarios for inter-freq mobility among small cells and propose:

Proposal 1: RAN2 is respectfully asked to clarify sub-scenarios 1~4 among small cells under current deployment scenario definition.
Proposal 2: RAN2 is respectfully asked to clarify the possibility of inter-freq mobility among small cells.
Proposal 3: RAN2 is respectfully to evaluate inter-freq mobility performance among small cells.
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