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1. Introduction

One of the listed objectives in the Rel-12 SI on “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” is the following:
· Mechanisms for efficient discovery of small cells and their configuration. 

In order to determine if related enhancements are needed, a common baseline first needs to be established. The baseline should be used to conclude if there are critical problems related to cell detection, measurements and mobility in small cell deployment scenario that would call for new solutions. Additionally the baseline results would serve for comparing the gain of potential candidate improvements. In this contribution we present a first set of baseline results for cell detection and mobility in a challenging dense small cell deployment scenario, focusing on intra-frequency performance for cases with 1) ideal cell detection versus cases with 2) realistic cell detection based on the current Rel-8 design of CRS, PSS, and SSS.

We will focus here only on the intra-frequency mobility case for dense small cell deployments. The results presented in this paper are very early preliminary results. Inter-frequency small cell discovery is under discussion in the Rel-12 WI on “HetNet mobility enhancements for LTE” (see overview of considered solutions in [1]).
The rest of the contribution is organized as follows: In Section 2 we shortly outline the scenario and main simulation assumptions. Results are present in Section 3, while further discussions and concluding remarks appear in Section 4.
2. Scenario and main assumptions
A dense small cell deployment scenario on a dedicated carrier is simulated with network layout as pictured in Fig. 1. Wrap around is used, and UEs move in straight lines with constant speed – each UE moving in a random direction that is chosen at the start of each simulation. Major simulation assumptions are according [1], including the definition of mobility key performance indicators such as radio link failures (RLF), handover failures (HOF), ping-pong (PP) events, etc. Mobility events are based on A3 event report from UEs and the following two cases of cell detection have been simulated:
· Ideal cell detection: UEs are assumed to be able to measure the RSRP from all cells independent of the signal strength and SINR and in this case the cell is regarded as detected when SINR is above given threshold.
· Realistic cell detection: UEs measures the RSRP from cells which it has detected. The cell detection is based on PSS and SSS and is modelled in the system level simulator by using link level results for PSS and SSS detection – see more detailed description in the Appendix A. Also the effect of losing the synchronization to a cell (and therefore the ability to measure RSRP) is explicitly modelled.

Cases with and without time-synchronization are simulated. For the case with time-synchronization, the PSS and SSS transmission from all the small cells are colliding (i.e. no shifting applied), resulting in more challenging SINRs for those channels as compared to the case without time-synchronization.

A fractional load scenario is simulated with 2, 4, and 6 UEs per cell, corresponding to roughly 10%, 20%, and 30% PRB utilization per cell for the considered traffic model. Additionally full load scenario with time-synchronization is simulated for reference. More detailed parameters are presented in Appendix B. In addition it should be noticed that all results shown are for non-DRX cases and applying DRX should be considered in further evaluations.
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Fig. 1: Simulated network layout.

3. Performance Results
Fig. 2 shows the cumulative distribution function (cdf) of the number of detected cells for cases with and without time-synchronization, assuming realistic cell detection under fractional load. It is observed that fewer cells are detected for the synchronous cases due to the higher interference for PSS and SSS (i.e. due to collision of these channels from all the small cells). For the asynchronous case, the number of cells detected by the UEs is likely higher than 1 cell but depends on the amount of UEs in the cell (load) and we see that as the numbers of users increase the numbers start to converge.      
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Fig. 2 Cumulative distribution functions of the number of detected cells (fractional load).

Fig. 3 shows statistics for RLF and HOF for different UE speeds, in the scenarios under consideration in fractional load conditions. For the UE speeds of 3 and 10 kmph the RLF and HOF probability is very low, indicating acceptable mobility performance for those cases. However, for the cases with 30 kmph UE speed, an increase in RFLs and HOFs can be observed for both cases with and without time synchronization. However, for the case without time synchronization (labelled “async” in the fig), the handover rate is still below 3% at 30 kmph. For the higher UE speed of 60 kmph, the number of RLFs and HOFs becomes rather high for all the cases except the case without time synchronization and 2 UEs per cell. However, notice that according to TR 36.932, Rel-12 small cell enhancements shall mainly focus on UEs up to 30 kmph.
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Fig. 3 Statistics for RLF and HOF (fractional load).
Fig. 4 shows statistics for RLF and HOF for different UE speeds in the fully loaded network scenario, comparing results with ideal and non-ideal cell detection. With ideal cell detection the failure rates would be close to 0% with pedestrian speeds. If realistic cell detection is applied the handover failure rate is up to 2% for 10 kmph UE speed, but rises to rather high error rates for faster UE speeds. However, the scenario is challenging for 30 kmph and higher UE speeds. These initial results show some additional challenges in this dense small scenario in terms of cell detection.
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Fig.4 Statistics for RLF and HOF (full load).

4. Discussions and conclusions
In this contribution we have presented some very preliminary first results for cell detection and mobility performance for a scenario with dense small cell deployment on a dedicated carrier. The purpose of this paper is to establish a common baseline for the dense small cell mobility performance in order to determine if mechanisms for efficient discovery of small cells and their configuration are needed, as well as to have a common reference for determining gains of such potential enhancements. Thus, in preparation of studying the potential need for improved physical layer cell detection / discovery mechanisms, we propose the following:
· RAN1 should agree on dense small cell simulation scenario that can be used as baseline. First priority is to start with intra-frequency case (small cells on dedicated carrier). Note that inter-frequency small cell discovery is under discussion in the Rel-12 WI on “HetNet mobility enhancements for LTE” (RAN2), and should therefore avoid overlapping activities. Once Rel-12 WI on HetNet mobility has been concluded, further inter-frequency small cell discovery enhancements can be studied in RAN1. 
· Accurate modelling of cell detection based of existing PSS/SSS/CRS shall be used, considering cases with and without time synchronization between cells.

· Modelling of mobility functionality and related key performance indicators such as RLF, HOF, and PP shall be according to definitions in [1]. In addition it is proposed to consider scenarios also with Connected mode DRX.
The modelling assumptions and simulation methodology in this contribution can serve as input to the above. Once the baseline simulation assumptions have been agreed, the corresponding baseline performance results shall be used to conclude if there are problems that call for enhancements in future releases to ensure efficient mobility for dense small cell cases.
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Appendix A: Modeling of realistic cell detection

The realistic cell detection modelling is based on PSS and SSS detection in system level simulation studies. Link level simulation studies have been performed to obtain PSS and SSS detection hit probability mapped on average subframe SNR level assuming AWGN interference. These link level results have been used in the fully dynamic system simulations.
Fig, 5 shows the general process of the cell detection modelling. PSS is present in subframe 0 and SSS in subframe 5. UE monitors the signal continuously, thus no power saving aspects is considered in the initial simulations. UE has to detect PSS successfully before it starts to monitor SSS in the modelling. After both signals have been successfully detected UE can start to perform measurements from CRS, Cell is considered detected and measurable as long as a 200 ms filtered RSRP and Es/Iot measurements quantity from CRS are above certain thresholds. The following thresholds adapted from measurement conditions in [2] have been used in the initial simulations: RSRP -127 dBm and Es/Iot -6 dB. If either of the measurements is below threshold cell is considered lost and in order to perform measurements from that cell again PSS/SSS must be detected again. UE measures CRS in 40 ms intervals.
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Fig5 Modeling of cell detection and UEs ability to performance RSRP measurements for mobility purposes.
Appendix B: Simulation parameters
	Feature/Parameter
	
	Value/Description

	DRX
	
	Not configured

	Handover parameters
	Handover criteria

A3 baseline offset

A3 baseline time-to-trigger
	Event A3 RSRP

2 dB

160 ms

	Traffic parameters
	Full load network (100%)
Fractional load network (10, 20, 30%)
	Full buffer
2, 4, 6 UEs/cell with 512 kbps CBR traffic in both DL and UL

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	Pico cell layout [6]
	Distance between Picos
	40 m

	
	Location
	Uniform grid

	
	Number of pico cells
	64

	Macro-pico deployment type
	
	Pico in dedicated frequency layer

No macro cells deployed

	Distance-dependent path loss
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Pico
	30 dBm

	Shadowing standard deviation
	Pico
	10 dB

	Shadowing correlation distance
	Pico
	13 m

	Multipath delay profile
	
	Typical Urban

	UE speed
	
	3, 10, 30, 60 km/h

	RSRP Measurement
	L1 measurement cycle

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size

L3 filtering
	40 ms
6 RBs

2 dB

5

Disabled

	Handover preparation time
	
	50 ms

	Handover execution time
	
	40 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310
	-8 dB

-6 dB

1000 ms

	Cell detection
	Ideal
Non-ideal
	All cells measurable constantly
PSS/SSS based cell detection


