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1 Introduction
Efficient discovery of small cells was first discussed at RAN1#72bis. One of the agreements drawn from RAN1#72bis is as follows, 

· If inadequacies are identified with the legacy mechanism, evaluate:

· first, approaches based on modified SS/RS

· second, approaches based on new discovery signal
In this contribution we briefly discuss the potential new approaches and provide performance evaluation for CSI-RS based cell detection.
2 Potential new discovery signal designs 
As analyzed in [1], harsher interference conditions may pose challenges to UEs for initial access and for meeting RRM requirements with existing synchronization signals. In addition, new techniques potentially introduced for interference avoidance and coordination in small cell deployments may impose more stringent requirements in terms of detection SINR and detection time. One solution to combat the harsh interference conditions and guarantee satisfactory performance is to make the discovery signal orthogonal to each other and free of data interference. The orthogonal can be achieved in time, frequency, code domains or their various combinations. 
One example of code domain separation of discovery signal is through applying cyclic shifts on the same discovery sequence as in the design of SRS. Some special OFDM symbols could be dedicated to discovery signal transmission on the full bandwidth. Because of the high density in the frequency domain, better detection performance and RRM measurement could be expected. The sharing of the same base sequence by several small cells may also bring in the benefit of simpler UE implementation by employing just one FFT/IFFT operation within the set of small cells sharing the same base sequence for detection, channel estimation and RRM measurement. In the case that several strong interfering small cells occupy different cyclic shifts and their OFDM symbol overlaps with the target cells, a UE could perform effective interference cancellation by canceling the aggregated frequency domain interference signal. Since it is essentially a new signal design, a large amount of standard effort will be involved.  
Another scheme for orthogonal discovery signal design which can be readily deployed, is by utilizing CSI-RS since the signal is already defined in the standard. Several neighboring small cells could be coordinated by configuring orthogonal CSI-RS resources for UE to perform cell detection. Muting is also applied at these configured CSI-RS resources to exclude data interference. The residual interference only comes from small cells outside of the coordinating set. Depending on the number of small cells participating in the cooperation, different orthogonal levels can be achieved. The higher the orthogonal level, the less the interference level and the higher the CSI-RS SINR a UE could observe. One drawback of this scheme is that in super dense deployment of small cells, the network may be running out of orthogonal CSI-RS configurations. UEs at the coordinating set edge still suffer severe interference coming from neighboring cells not belonging to the set. Tighter coordination between coordination set could mitigate the interference in this scenario, e.g. the neighboring small cells close to the coordinating set edge could be configured with orthogonal CSI-RS resource. When CSI-RS is used to detect a small cell, UE has to obtain the information which maps the CSI-RS configured resources to individual small cells. How this essential information is transmitted to the UE needs further discussion.

 In the following sections, we focus on the performance evaluation of CSI-RS for the purpose of cell detection and RSRP measurement.
3 Evaluation Results
3.1 CSI-RS SINR
Scenario 2a with dense deployment of small cells is assumed [2], i.e. 1 cluster per cell, 10 small cells per cluster. In the evaluation, CSI-RS transmissions from the 10 small cells within the same cluster are configured with orthogonal CSI-RS resources. Each cell is assigned a single CSI-RS port resource and all the CSI-RS resources are orthogonal in frequency domain. The CSI-RS transmissions are synchronized within the network in terms of the same available CSI-RS configuration set for cell detection is shared among the clusters. Loose coordination between clusters is assumed, i.e. the orthogonal CSI-RS configurations are randomly assigned to the 10 small cells within the cluster. For neighboring small cells belonging to different clusters, there is certain probability that their CSI-RS resource overlap. Figure 1 shows the SINR distribution for the 10 small cells within the strongest cluster.
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Figure 1 CSI-RS SINR level of the 10 small cells within cluster
It is observed that orthogonal CSI-RS configurations significantly reduce the interference level and improve the SINR levels. Use the weakest small cell in the cluster as an example, 50% of its SINR value is greater than 5.9dB.  
Observation1: Orthogonal CSI-RS configuration within cluster could significantly reduce interference level and improve effective SINR level
3.2 Link Level Performance Evaluation
Link level simulation is run to evaluate the CSI-RS performance under various SINR values. A cell is assumed correctly detected when the UE successfully identifies the cell ID. The false alarm rate is less than 1%. Figure 2 illustrates the UE detection probability and RSRP measurement errors based on one and four CSI-RS samples respectively for 10MHz system bandwidth. Due to the orthogonal configuration of CSI-RS, in the interested SINR range, very good detection probability and RSRP measurement accuracy could be achieved. It is observed that non-coherent combining of multiple CSI-RS samples could greatly improve the one shot detection performance with the cost of longer detection time. To detect the small cell reliably (with over 90% probability), the minimum SINR requirements are read as -4.02dB and -6.42dB respectively.  
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Figure 2 Detection probability and RSRP measurement based on CSI-RS 
Due to the timing synchronization errors between the small cells and due to different propagation delays, CSI-RS signals transmitted from different small cells arrive at the UE with timing offsets. Timing offsets possibly introduce ISI within the UE receiver window thus degrade the detection performance. Figure 3 shows the simulation results accounting for the timing offset. The simulation setup consists of one interfering cell with power level 10dB higher than the target cell. Various timing offsets between the interfering and target cells, i.e. 0us, -3us, +3us, +6 us and -6us are simulated. The results show that timing offset has limited impact on the detection probability and RSRP measurement, e.g. timing offset of 3us degrades cell detection probability by 0.25dB and the degradation only increases to 0.5dB in the case of 6us time offset.   
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Figure 3 CSI-RS detection and RSRP measurement performance with timing offsets

3.3 System Level Performance Evaluation 
In the system evaluation, scenario 2a with dense deployment of small cells is assumed [2]

 REF _Ref355702463 \r \h 
 \* MERGEFORMAT , i.e. 1 cluster per cell, 10 small cells per cluster. CSI-RS transmissions are synchronized among the small cells. It was agreed in last meeting regarding the target set of detectable cells as follows [3],

· Target set of detectable cells:
· Actual target set of detectable cells per carrier frequency should be determined based on gain achievable with, such as, interference coordination and load balancing.
· Proposals for target set definition:
· Alt.1: Small cells within RSRP gap = Y, Y=15 dB is baseline at this stage.
· Alt.2: Top N small cells of a UE with RSRP >= X, N >= 3 and X=-127 dBm are baseline at this stage.
In the simulation, the baseline target set defined by definition Alt.1 contains all the small cells with RSRP within 15dB of UE strongest received RSRP. The baseline target set defined by definition Alt.2 contains the top 3 strongest small cells with RSRP>=-127dBm.
Since effective interference coordination operation may challenge UE with a very short detection time, we evaluate the detection performance by restricting the detection time. In figure 4 below, the probability of the top strongest small cells within the target set which can be detected is shown. It is observed that there is little improvement in detection performance with multiple samples. The detection probabilities for the 3 top strongest small cells within the target set are over 99.5% for both target set definitions.
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Figure 4 Detection probabilities of the top strongest cell within target set
Observation 2: CSI-RS based detection of small cells shows excellent detection performance. The detection probabilities for the 3 top strongest small cells within the target set are over 99.5% for both target set definitions.
In figure 5 below, we show the target set detection probability corresponding to different RSRP gaps (Alt.1) and target set sizes (Alt.2). A target set is said to be detected only if all of the small cells within the set are detected.
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Figure 5 Target set detection probability
Due to the orthogonal CSI-RS configuration within the cluster and synchronized CSI-RS transmission among the clusters, the UE performs CSI-RS based detection at high SINR level and at these levels the target set detection probability shows little difference between 1 and 4 CSI-RS samples detection. For both baseline target set definition alternatives, target set could be reliably detected with probability greater than 95%
Observation 3: For CSI-RS based detection of small cells, the target set could be reliably detected with greater than 95% probability for both baseline target set definition alternatives.  
Observation 4: There is little difference between one-sample and multiple-samples based CSI-RS target set detection probability.
4 Conclusions
In this contribution, we investigate the CSI-RS based small cell detection and RSRP measurement. Based on the simulation results we can make the following observation:

Observation1: Orthogonal CSI-RS configuration within cluster could significantly reduce interference level and improve effective SINR level

Observation 2: CSI-RS based detection of small cells shows excellent detection performance. The detection probabilities for the 3 top strongest small cells within the target set are over 99.5% for both target set definitions.
Observation 3: For CSI-RS based detection of small cells, the target set could be reliably detected with greater than 90% probability for both baseline target set definition alternatives.  

Observation 4: There is little difference between one-sample and multiple-samples based CSI-RS target set detection probability. 
References 

[1] R1-132891, “Evaluation of legacy PSS/SSS/CRS for small cell discovery”, Huawei, HiSilicon, RAN1#74.
[2] R1-130748, “Text Proposal for TR36.923 on Small Cell Enhancement Scenarios”, RAN1#72, Malta, Jan. 2013.
[3] R1-132758, “Assumptions for evaluation related to small cell discovery”, Fukuoka, Japan, 20th – 24th May, 2013.
Appendix A: 
Table A1 Simulation assumptions
	Parameters
	Macro cell
	Small cell

	Layout
	ISD: 500m, 7 Macro sites, with wrap-round
	

	System bandwidth
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm

	Distance-dependent path loss
	ITU Uma
	ITU Umi

	UE speed
	3km/h

	Fast fading channel between eNB and UE
	ITU Uma
	 ITU Umi

	Antennas
	
	1Tx2Rx

	Number of clusters per macro cell geographical
	1

	Number of small cells per cluster
	10

	Number of UEs 
	60 UEs / Macro cell area

	UE dropping
	· 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area.
· 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m

	Radius for UE dropping in a cluster
	70m

	Minimum distances
	· Small cell-small cell: 20m
· Small cell-UE: 5m
· Macro-small cell cluster center: 105m
· Macro-UE : 35m
· cluster center-cluster center: 100m


Table A2 Cell detection simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	3.5 GHz

	Antenna configurations, spatial correlation
	1x2

	Channel model / Doppler spread (Hz)
	EPA, 5 Hz

	Interference model
	AWGN

	Frequency offset
	0 Hz

	CSI-RS resource for detection
	1 antenna port








