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1. Introduction

TR 36.932 (Scenarios and Requirements for Small Cell Enhancement) states the following.
· Mobility enhancements for higher speeds (e.g. 50-80 km/h) in small cell enhancements, e.g., for offload from vehicular UEs in outdoor small cells, can be studied in succeeding study items. Solutions for excluding very high mobility users should be considered.

This contribution discusses and proposes potential solutions for excluding very high mobility UEs in Rel. 12 Small Cell Enhancement (SCE).

2.  Background

2.1.
Rationale for Need to Detect High UE Speed

Rel. 12 small cells should be deployed not only in indoor scenarios but also in outdoor scenarios. As stated in [1], mobility across densely deployed small cell nodes should be targeted with good performance for mobile speeds up to 30 km/h, and higher UE speeds, e.g., 50 – 80 km/h, should be covered with further enhancement, such as L1/L2 mobility with multi-point association [2]. Nevertheless, it would be sensible for Rel. 12 small cells not to have 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 the UE speed 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. 1.
Proposal 1: The NW should control which carrier (macrocell carrier or small cell carrier) that the UE should connect based on the estimated UE speed.
[image: image1.emf]
Figure 1: Macro/small cell assignment based on UE speed
2.2.
Conventional UE-Speed Detection Schemes
In the existing LTE specification, the UE speed (mobility speed estimation) is detected by counting the number of HOs. That is, a UE estimates its speed by counting the number of HOs and adjusts the value of the Time-to-trigger 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. 
3. Discussions
3.1. Proposal (UE Speed Detection Based on Fd Estimation)
We propose detecting the UE speed based on Fd 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. The main concern in the discussions was UE power consumption caused by the Fd estimation. On one hand, the technique itself is not so complicated, and is commonly used in existing UE implementations. For example, the averaging period for channel estimation is adjusted depending on the Fd estimation results in some UE implementation. We note that if the Fd estimation technique were standardized in the 3GPP specifications, corresponding measurement requirements should be defined in the RAN4 specifications. The measurement requirements directly affect the UE power consumption or complexity, because UE vendors have to implement the Fd estimation technique to meet the requirements. 
In other words, if reasonably loose requirements are specified in RAN4, Fd estimation can be standardized without increasing the UE power consumption. For example, we propose that the following reference UE behavior be used to define reasonable RAN4 requirements. Since the proposed behaviors are comparable to the existing RSRP measurements, we expect that the increase in the UE power consumption can be minimized.
· Reference UE behavior (in terms of RAN4 requirements)
· (1) 200 ms measurement periods (5 samples with 40 ms intervals)

· This is almost the same as the existing RSRP measurements. 

· Note: Fd estimation should be performed only for the serving cell, while the RSRP measurements should be performed for both the serving cell and the neighboring cells.
· (2) Minimum SINR = 0 dB (Side condition)

· UE does not have to meet the requirements for SIR < 0 dB.
· Since the UE does not have to meet the requirements for a low SIR condition, the UE complexity can be minimized. 

· (3) The number of UE speed states = 2
· UE should detect “high UE speed” or “low UE speed” by using one set of two time-separated RSs.  

· (4) Connected mode should be assumed

· Idle mode should be precluded
In the following sub-sections, we describe the UE speed detection performance for the proposed reference UE behavior. The impacts of the number of samplings and the minimum SINR are also evaluated.

3.2. Performance of UE Speed Detection Based on Fd Estimation
This section presents the UE speed detection performance based on the reference UE behavior. The CRS in two adjacent subframes is used to calculate the time correlation of channel estimations and the UE speed is detected depending on the time correlation in the link-level simulation. The measurement results are obtained every 200 ms. The simulation assumptions are described in the Annex. Figure 2 shows the UE speed detection probability whether the estimated UE speed is high/low based on one threshold value. It is noted that the results show the detection performance for 200 msec measurement period. If further averaging is conducted in UE side or NW similarly to L3 filtering for RSRP measurements, the detection accuracy would be improved further. Actually, the moving speed of human being would not quickly change, and so further averaging would be sensible.
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Figure 2: UE speed detection accuracy 
(5 times averaging, w/ 40 msec interval, SNR = 0 dB)
Figure 3 shows the detection accuracy for a low SNR. In Fig 3(a), a correlation shift is observed for a low SNR, and Fig. 3(b) shows the degradation in detection accuracy with the SNR of -5 dB. The other parameters in Fig. 3(b) are the same as for Fig. 2. Figure 3(a) shows that the minimum SINR of 0 dB is sensible from an estimation accuracy point of view.
Observation 1: The minimum SINR values should be carefully studied. 
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(a) Correlation shift in low SNR
(b) Degradation of detection accuracy (SNR = -5 dB)

Figure 3: UE speed detection in low SNR
Figure 4 illustrates the effect of the measurement interval within the same period of 200 ms. The baseline interval that would minimize the UE battery consumption would be 40 ms as discussed in Section 3.1. In Fig. 4, the measurement intervals of 20 ms and 10 ms are presented in addition to the 40 ms interval in Fig. 2. Clearly, the detection accuracy is improved as the measurement interval becomes shorter. However, we feel that the measurement accuracy for the 40 ms interval is still acceptable, because further averaging would be possible in UE side or NW side, as discussed above..
Observation 2: Measurement interval should be carefully studied. 
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(a) 10 times measurement w/ 20 msec interval
(b) 20 times measurement w/ 10 msec interval
Figure 4: UE speed detection accuracy with different measurement interval (SNR = 0 dB)
Considering the evaluation results, Fd estimation achieves sufficient performance with acceptable UE complexity. We propose that RAN1 conduct a simulation campaign to determine the feasibility of UE speed detection based on the Fd estimation.
Observation 3: Fd estimation provides good UE speed estimation performance with acceptable complexity.
Proposal 2: RAN1 should conduct a simulation campaign to determine the feasibility of UE speed detection based on the Fd estimation.

4. Conclusion
In this contribution, we discussed a potential solution to handle very high mobility UEs using a UE speed detection scheme employing Fd estimation. The simulation results showed that the Fd estimation technique provided estimates with reasonable UE speed detection accuracy with acceptable complexity. We proposed that RAN1 conduct a simulation campaign to determine the feasibility of UE speed detection based on the Fd estimation.
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Annex A. Simulation Assumptions

Table A1 presents major parameters for Fd estimation performance evaluation. 

Table A1. Performance Evaluation Parameters for UE Speed Detection Using Fd Estimation 
	Parameter
	Value

	Carrier frequency 
	2 GHz 

	Signal bandwidth 
	10 MHz 

	Channel model 
	EVA 

	UE speed 
	Up to 300 km/h 

	Antenna configuration 
	1 Tx, 2 Rx 

	SNR 
	-5 dB, 0 dB 

	Reference signal 
for UE speed detection 
	CRS 

	Detection period 
	200 ms
· Average of   5 measurements with 40-ms interval

· Average of   10 measurements with 20-ms interval

· Average of   20 measurements with 10-ms interval

	Detection algorithm 
	Fd estimation using time correlation of two time separated RSs 
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