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1. Introduction
Investigation of Rel. 12 small cell enhancement (SCE) starts from the RAN1#72 meeting. As described in [1], target scenarios for SCE include not only indoor deployments but also outdoor dense deployments, and both low UE speed and medium – high UE speed should be taken into account for outdoor scenarios. This document provides our overviews on mobility enhancement for SCE.
2. Mobility Issues in Rel. 12 SCE
Figure 1 shows typical LTE migration scenarios. LTE should be deployed as a macrocell at the first stage (see “conventional” in the figure), and small cells should be added to the macrocell carrier as the next step (see “co-channel” in the figure), because only one or two carriers are available at the initial stage in LTE deployments. Co-channel HetNet deployments were extensively studied as eICIC/ FeICIC and CoMP in Rel. 10/ Rel. 11. At a later stage, frequency separated small cells are likely to be deployed especially for the 2nd or 3rd LTE carriers, and both network densification and spectrum extension would be achieved (see “Frequency separated scenarios” in the figure). From an operator benefit point of view, frequency separated small cells can be quickly/ easily deployed in high traffic areas to boost user data rate, compared to the existing macro cell deployments or co-channel deployments. This clearly indicates that frequency separated scenarios are very important in Rel. 12 SCE. 
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Figure 1 – Deployment migration path
From a mobility procedure point of view, we identified the following issues to be addressed in frequency separated small cell deployments as illustrated in Fig. 2. More detailed discussions for each issue are presented in Sections 3/ 4/ 5:
· Issue #1: UE must identify inter-frequency cells and perform measurements for a number of frequency carriers while maintaining a low complexity level (See “Issue #1a” in the figure). 
· Furthermore, the pilot pollution problem would also need to be handled in super-dense deployments (See “Issue #1b” in the figure). 
· Issue #2: Medium or high UE speeds, e.g., 50 – 80 km/h, should be supported in super-dense deployments in order to maximize the offload gain (See “Issue #2” in the figure). 
· Issue #3: Very high UE speeds such as in the case of a high-speed train should be excluded from the small cell carriers (See “Issue #3” in the figure). 
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Figure 2 – Mobility issues in SCE
It was proposed that RAN1 should tackle the above mobility issues in Rel. 12 SCE SI [2]. It is true that RAN2 studied HetNet mobility enhancement in the Rel. 11 time frame; however, a new measurement framework using new physical signals/ channels was outside the scope of the investigation. As described in [3], RAN2 would need to wait for the RAN1 progress regarding such a new measurement framework using new physical signals/ channels. This indicates that RAN1 should study mobility enhancements related to a new measurement framework using new physical signals/ channels in Rel. 12 SCE SI. 
Proposal 1: RAN1 should study mobility enhancement, especially for a new measurement framework using new physical signals/ channels, in the SCE physical layer SI.
3. Efficient Discovery
As discussed in Section 2, Rel. 12 small cells are extended to newly available frequency bands, including higher frequency bands, e.g., the 3.5 GHz band, to enjoy more available spectra and a wider bandwidth [1]. This means that Rel. 12 UEs will need to measure a number of different frequency carriers compared to the conventional cellular network. 
It is also noted that UEs may always have to perform inter-frequency cell searches and measurements, even if the UE is not close to any small cell (Case 1 in Fig. 3). In addition, UEs should detect surrounding small cells in a timely manner to make maximum use of small cells (Case 2 in Fig. 3). This is a different usage case than in homogeneous deployments where inter-frequency measurements are performed only when needed. Therefore, an efficient mechanism for inter-frequency cell identification and measurement should be introduced in Rel. 12 SCE [2]. 
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Figure 3 – Requirements for the inter-frequency cell identification in SCE
On the other hand, intra-frequency cell identification and measurement may suffer from the pilot pollution problem, i.e., influence of severe inter-cell interference, in dense small cell deployment scenarios potentially including closed subscriber group (CSG) cells. The UE should detect a sufficient number of neighboring small cells even in super-dense deployment scenarios so that the network can efficiently conduct multi-point coordination, e.g., for load balancing in the small cell layer. From the UE implementation perspective, it would be beneficial that the above requirements for both inter-frequency and intra-frequency cell identification and measurement be satisfied by one common discovery mechanism. Therefore, we propose the following requirements for small cell discovery.
Proposal 2: Small cell discovery should satisfy the following requirements.

· Requirement 1: In order to minimize UE power consumption for inter-frequency cell identification and measurement, small cell discovery should be applied with an appropriate period or timing.

· Requirement 2: UEs should detect a sufficient number of neighboring small cells even in super-dense deployment scenarios.

· Requirement 3: Requirements 1 and 2 should be satisfied by one common discovery mechanism.

Figure 4 shows a potential solution for the efficient discovery of small cells. In this solution, a small cell is synchronized with a certain macrocell. When the UE detects the macrocell using conventional cell identification and measurement, the UE can obtain rough synchronization with the small cell so that the efforts for small cell identification can be reduced. After obtaining rough synchronization with the small cell, the UE needs to identify the actual neighboring small cells by detecting discovery signals from the small cells. 
The study of efficient discovery should start from confirming whether or not conventional synchronization signal (SSs) or reference signals (RSs) can be used sufficiently as a discovery signal for small cells. If no conventional SS/RS can satisfy the above requirements, we should investigate modifying the SS/RS or developing a new discovery signal design. Simulation assumptions for the study of small cell discovery are described in Annex A.
Proposal 3: The study of efficient discovery should start from confirming whether or not conventional synchronization signals (SSs) or reference signals (RSs) can be used sufficiently as a discovery signal for small cells.
· If no conventional SS/RS can satisfy the requirements, RAN1 should investigate modifying the SS/RS or developing a new discovery signal design.
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Figure 4 – Macro-assisted discovery
4. L1/L2 Mobility with Multi-point Association
As discussed in Section 2, higher UE speeds, e.g., 50 – 80 km/h, should be supported so that vehicular UEs can be handled in Rel. 12 small cells for offload purposes. If the conventional handover (HO) mechanism is applied to super-dense small cell deployments, HO failures will frequently occur due to HO delay, especially in the high UE speed case (Case 1 in Fig. 5). It is noted that the HO delay would depend on parameters such as Time-to-trigger (TTT), A3 offset (Hysteresis), and L3 filtering coefficient, and that the parameters should be used to minimize the ping-pong problem. If these parameters are removed, the HO delay would be reduced, but a significant ping-pong problem would arise accompanied by an increase in the signaling load towards the core network (CN) (Case 2 in Fig. 5). Therefore, Rel. 12 SCE should address this issue.
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Figure 5 – Problems of conventional handover in dense small cell deployments
One possible solution is to conduct mobility among small cells in a lower layer (L1/L2), without defining “cell” coverage boundaries as in the case of conventional HO (See Figure 6). This is called “L1/L2 mobility with multi-point association.” In this scheme, higher-layer control signaling towards the CN can be avoided and lower-layer mobility can be ignored by higher-layer nodes. As a result, the ping-pong problem would no longer be an issue, and HO hysteresis such as the A3 offset or TTT would simply be removed. The baseline concept for “L1/L2 mobility with multi-point association” would almost be the same as the “Shared cell ID concept (Rel. 11 CoMP Scenario 4),” where the NW (eNB) and UE can switch transmission points without higher layer (RRC layer) procedures [4]. Thus, we propose that the shared cell ID concept be the starting point for studying the L1/L2 mobility with multi-point association in Rel. 12 SCE. However, we feel that mobility aspects were not sufficiently discussed in Rel. 11 CoMP scenario 4 studies. Therefore, we propose that the following points be discussed for mobility enhancement in Rel. 12 SCE.
· (1) Identify future mobility scenarios and possible NW configuration in super-dense small cell deployments (in RAN1/ RAN2)

· (2) Specify required mobility procedures (in RAN1/ RAN2)

· (3) Specify required signals/ channels for measurements (in RAN1)

· (4) Specify required RRM requirements and test cases (in RAN4) 
The details pertinent to L1/L2 mobility with multi-point association and the performance evaluation results are discussed in a separate document [5].
Proposal 4: Mobility among small cells should be conducted in a lower layer (L1/L2), instead of the RRC layer. 

· The baseline concept for Rel. 11 CoMP Scenario 4 should be the starting point. 
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Figure 6 – L1/L2 mobility with Multi-point Association
5. UE Speed Detection
It would be sensible for Rel. 12 small cells not to handle very high UE speeds, e.g., 100 – 300 km/h, considering its small cell size. That is, it is desirable that the NW estimate UE speeds and decide whether a UE should be assigned to a small cell carrier for offloading or to a macrocell carrier to avoid unnecessary HO failures or throughput degradation, as illustrated in Fig. 7.
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Figure 7 - Macro/small cell assignment based on UE speed
In the existing LTE specification, UE speed detection (mobility speed estimation) is performed by counting the number of HOs. That is, the UE estimates the UE speed by counting the number of HOs and adjusts the value of the TTT depending on the estimated UE speed. Furthermore, an eNB may conduct similar UE speed estimation using the UE history information, which is exchanged via X2 between the source eNB and the target eNB. However, it is questionable how accurately the UE speed can be estimated with low latency. More specifically, a HO count-based detection scheme highly depends on the cell radius. Detection is performed after a number of HOs receive complicated parameter optimization for the cell layout in order to achieve high accuracy. This means that the HO count-based approach is inherently not very accurate and the tracking speed may not be reliable. Therefore, it is sensible for RAN1 to study another solution to enhance the UE speed detection performance for Rel. 12 SCE. 

As described in [6], we propose UE speed detection based on Fd (Doppler Frequency) estimation for Rel. 12 SCE. This technique was proposed and discussed in the Rel. 8 time frame, but it was finally dropped after long discussions. According to our initial evaluation results, however, the Fd estimation technique achieves a reasonable UE speed detection accuracy level at a low complexity. We propose that RAN1 conduct a simulation campaign to determine the feasibility of UE speed detection based on Fd estimation.
Proposal 5: The NW should control which carrier (macrocell carrier or small cell carrier) that the UE should connect based on the UE speed.

·  
The Fd estimation method provides good UE speed estimation performance at a low complexity; hence, RAN1 should conduct a simulation campaign to determine the feasibility of UE speed detection based on Fd estimation.
6. Conclusion

In this contribution, we presented our views on mobility aspects such as efficient discovery, L1/L2 mobility, and UE speed detection. 
Proposal 1: RAN1 should study mobility enhancement, especially for a new measurement framework using new physical signals/ channels, in the SCE physical layer SI.

Proposal 2: Small cell discovery should satisfy the following requirements.

· Requirement 1: In order to minimize UE power consumption for inter-frequency cell identification and measurement, small cell discovery should be applied with an appropriate period or timing.

· Requirement 2: UEs should detect a sufficient number of neighboring small cells even in super-dense deployment scenarios.

· Requirement 3: Requirements 1 and 2 should be satisfied by one common discovery mechanism.

Proposal 3: The study of efficient discovery should start from confirming whether or not conventional synchronization signals (SSs) or reference signals (RSs) can be used sufficiently as a discovery signal for small cells.

· If no conventional SS/RS can satisfy the requirements, RAN1 should investigate modifying the SS/RS or developing a new discovery signal design.
Proposal 4: Mobility among small cells should be conducted in a lower layer (L1/L2), instead of the RRC layer. 

· The baseline concept for Rel. 11 CoMP Scenario 4 should be the starting point. 

Proposal 5: The NW should control which carrier (macrocell carrier or small cell carrier) that the UE should connect based on the UE speed.

·  
The Fd estimation method provides good UE speed estimation performance at a low complexity; hence, RAN1 should conduct a simulation campaign to determine the feasibility of UE speed detection based on Fd estimation.
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Annex A.  Simulation assumptions for the small cell discovery
In order to evaluate the cell identification performance of a certain discovery mechanism, which is at least energy-efficient, a (multi-cell) link level simulation would be suitable. Basically, if the mechanism is evaluated in the worst case and can satisfy the requirements even in such a case, then it can satisfy requirements in all other cases. Therefore, the simulation assumptions summarized in Table A1 are considered to be the worst case scenario in terms of small cell discovery, e.g. super-dense deployment. Other assumptions such as synchronization between the macrocell and small cells depend on each discovery mechanism. 
Table A1. Simulation Assumptions for Small Cell Discovery
	Parameter
	Assumption

	Scenario
	Separate frequencies for macrocells and small cells

· Only small cells are demonstrated in the simulation

	Small cell deployment
	· 100 small cells are uniformly distributed over a 230-m square area
· One UE is dropped at the center of the evaluation area

· Minimum distance 

· Between small cells: 20 m

· Between small cell and UE: 10 m
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	Carrier frequency
	3.5 GHz center frequency for small cells

	System bandwidth and total transmit power of small cells
	· System bandwidth: 5 and 10 MHz

· Transmit power: 27/30 dBm for 5/10 MHz bandwidth

	Channel model
	· Path loss: ITU UMi model
· Fading: [FFS: it depends on UE speed supported by small cells]

	Antenna configuration
	2 Tx (small cell) antennas and 2 Rx (UE) antennas

	Signal format for small cells
	· CP length: Normal CP
· Transmit data: Random QPSK symbols except for SS and RS

	Noise
	· Noise figure at UE: 9 dB
· Noise spectral density: -174 dBm/Hz
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