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1 Introduction
During the email discussion on “[73-05] Assumptions for evaluations related to small cell discovery in slide 3 of R1-132776”, the evaluation assumptions related to small cell discovery were agreed [1] as follows:
· The further evaluation campaign for the performance of legacy mechanism should be done based on following assumptions in addition to the agreement at RAN1#72bis 

· Target false alarm probability: 

· 0.001 is used for initial evaluation purpose and it should not impact the RAN4 requirement design 

· False alarm probability is defined as a detection probability of cells in the case of noise only input 

· In the legacy mechanism, the conclusive false alarm probability in the PSS/SSS detection should satisfy the above target 
· 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. 

· Evaluation metrics: 

· Detection probabilities and RSRP measurement accuracies for at least top 3 small cells are evaluated 

· Number of measurement samples, i.e., PSS/SSS/CRS subframes, used for the detection/measurement should be shown (at least 1 subframe case should be evaluated) 

· Other baseline assumptions: 

· UEs only within cluster region are considered for the evaluation 

· It is assumed that UE does not have any PCI information of surrounding small cells in the evaluation of legacy mechanism 

· Synchronized transmission of PSS/SSS/CRS with timing/frequency offsets is assumed 

· Full buffer traffic load is assumed for the discovery performance evaluation 

· +/- 3 μs timing offset and +/- 0.1 ppm frequency offset among small cells are used 

· EPA multipath fading channel (3 km/h) is used 

· Actual detection/measurement algorithms should be implemented 

This contribution provides our views on small cell discovery and the related simulation results based on the agreed simulation assumptions.
2 Discussion
2.1 Network Synchronization

The existing discovery mechanism of cell search using PSS/SSS/CRS can operate both in synchronous and asynchronous networks. As the UE has no prior network synchronization information about whether the transmit timing from the different cells is aligned each other or not, the UE shall assume the worst scenario of asynchronous network requiring at least 5 ms search window. Therefore, the small cell discovery operation should support both synchronous and asynchronous networks following the existing design principle.
Proposal 1: Small cell discovery should support both synchronous and asynchronous networks.

2.2 Existing Mechanism

The existing mechanism refers to the cell search operation using PSS, SSS, and CRS. This operation contains time/frequency synchronization, physical cell ID identification, CP type detection, 5 ms subframe boundary detection, and RSRP measurement. Depending on how many cells need to be detected, it may be controversial whether the existing mechanism is sufficient or not for small cell discovery. Using the existing requirements of cell detectability, i.e., SINR=-6 dB and RSRP=-127 dBm, the average number of detectable cells is about 2 [2]-[8]. A higher number of detectable cells could provide eNB a degree of freedom for controlling mobility. Given that the required number of detectable cells is 8 for intra-frequency measurement [12], it is doubtful that a number of detectable cells of about 2 is sufficient for small cell scenarios.
Observation 1: The number of detectable cells based on the existing mechanism may not be sufficient for small cell discovery.

A complementary UE receiver implementation may be used by accumulating multiple instances of PSS/SSS to improve SINR [2]. However, while the SINR can be improved by averaging those multiple instances under noise limited scenarios, SINR cannot be necessarily enhanced under interference limited scenarios like in dense small cell scenarios. This is due to the fact that identical signatures of PSS/SSS are transmitted with 10 ms periodicity and the cross-correlation factors among the cells are not varying over time. Interference randomization can be achieved only with SSS for two subframes (0 and 5) within 10 ms. Therefore, even with infinite accumulations, interference cannot be randomized and interference eventually converges to the cross-correlation values of PSS/SSS among the cells.
Figure 1 depicts the simulation results for noise limited and interference limited scenarios. Regarding the noise limited scenario, see Figure 1 (a), it is assumed that only the target cell transmits PSS/SSS/CRS and all the interference from all other cells is modelled as AWGN. Regarding the interference limited scenario, see Figure 1 (b), small cell Scenario #2a is used for the evaluation. It is observed that significant performance enhancement is achieved in the noise limited scenario by accumulations over time. However, in the interference limited scenario, the detection performance hardly improves even with multiple accumulations over time because, as also explained above, the interference terms cannot be averaged out.
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(a) Noise limited scenario                               (b) Interference limited scenario (small cell Scenario #2a)
Figure 1 Detection probability for noise and interference limited scenarios
Observation 2: Multiple accumulations for PSS/SSS over time do not improve the detection performance in the interference limited scenario such as the small cell scenarios.

Proposal 2: The existing mechanism using PSS/SSS/CRS is not sufficient for small cell discovery in small cell deployment scenarios.
2.3 Potential Solutions for Small Cell Discovery
In this section, we discuss some potential solutions to enhance small cell discovery.
Assistant information

Assistant information can be provided to a UE to help the discovery operation [9]. The assistant information may contain the physical cell ID, rough timing information, or the relevant information to the solutions discussed below. In general, the assistant information of physical cell ID could relax the UE complexity and provide improvement of the detection performance.
PSS/SSS muting

The current PSS/SSS are transmitted within 6 PRBs around the central frequency of the given system bandwidth in order for a UE to perform cell search without knowing scalable bandwidth information. Therefore, in co-channel deployment of the cells, all PSS/SSS from the cells collide with each other. This could have a negative impact on the discovery performance particularly under the interference limited small cell scenarios as discussed in Section 2.2.
To reduce the interference on PSS/SSS, and in consequence improve the SINR, PSS/SSS muting can be applied. The predetermined muting pattern or the muting pattern signalling by assistant information for the targeted cell is essential to provide the best possible performance. If the muting pattern is not provided or is unknown to a UE, the UE receiver may process the noise/interference on the muting position which will result in worse detection performance. The PSS/SSS may not be muted in the cells supporting legacy UEs for backward compatibility purposes and it can be entirely controlled by the networks. The optimal muting pattern can be configured by the network.

PSS/SSS Interference Cancellation (IC) 
PSS/SSS IC is proposed for small cell discovery [10]. The detection performance using PSS/SSS can be significantly improved by cancelling interference. The overall detection performance of PSS/SSS IC depends on how many cells can be cancelled out based on the UE capability. Therefore, the major concern of this solution would be the UE complexity and power consumption due to multiple cancellation operations.
PRS or CSI-RS
The PRS and CSI-RS were evaluated for small cell discovery [8]

 REF _Ref363477695 \r \h 
[11]. It was shown that significant improvement of the detection performance is achieved with PRS and CSI-RS. 
PRS was designed to operate at SINR=-13dB [12]. PRS is spread over the OFDM symbols within a subframe to obtain more energy in UE detection. The diagonal PRS pattern within a subframe can also provide a good aperiodic auto-correlation property by coherently accumulating PRS REs within a subframe so that the UE can properly perform timing synchronization. Frequency reuse 6 is applied to coordinate the cells properly. There is a lot of assistant information by LPP to relax the UE implementation such as physical and global cell ID, antenna port configuration, CP length, PRS bandwidth, PRS configuration, the number of consecutive subframes for PRS occasion, timing information, etc. [13]. PRS muting is also supported and the muting pattern is signalled via LPP. On the other hand, new higher layer signalling needs to be defined to facilitate the PRS-based discovery operation. In addition, the typical operation of PRS would be that data is not transmitted to avoid interfering PRS of other cells. Therefore, considerable resource overhead is expected.
CSI-RS could provide better detection performance by allocating different CSI-RS configurations to the different cells. This could help to avoid inter-cell interference and, in turn, could improve the SINR. However, CSI-RS is not appropriate to perform timing synchronization because it has an ambiguity peak due to the alternating insertion at every 12th subcarrier. Figure 2 shows the aperiodic auto-correlation profile for CSI-RS. A side peak is observed at the time location of 5.56 us compared to the reference one. As discussed in Section 2.1, CSI-RS cannot provide the timing synchronization function even with partially synchronous networks having half subframe offset (0.5 ms) between cells.
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Figure 2 Aperiodic auto-correlation profile for CSI-RS
3 Simulation Set-up
We apply all simulation assumptions as described in [1]. Further details are given in the following:
· All links between small cells and UEs are explicitly modeled in the system level simulation:
· Within the system level layout, for each UE drop, Monte-Carlo simulations are performed to obtain the detection probability.
· Target false alarm probability:
· Step 1: The threshold value for false alarm detection is set such that the false alarm rate with realistic receiver processing is less than 0.1% under noise only.
· Step 2: The threshold value from Step 1 is used in the system level simulations with ideal noise+interference estimation.

· Detection algorithm:
· A UE performs timing synchronization for each PSS code (i.e., three timing positions for u0, u1, and u2).

· Frequency synchronization is not performed.

· For each timing position for u0, u1, and u2, the UE performs cell ID and CP detection using SSS for the top N small cells by applying the false alarm detection threshold.
· Following detection criteria are further used:

· RSRP >= -127dBm

· Correct CP detection
· The detected timing by PSS is within ±1/2 CP

· PSS/SSS muting pattern

· The granularity is one radio frame and non-muted cells are defined in round-robin manner among the cells.

· It is noted that a further optimized muting pattern can be configured if the muting pattern is provided by higher layer signaling.

The detailed simulation assumptions are described in the Annex of this contribution.
4 Simulation Results
Figure 3 and Figure 4 show the detection probability and the number of detected cells, respectively, for the considered schemes. From the simulation results, we observe that:
· PSS/SSS IC without limitation of the number of cancelation steps shows the best detection performance and the largest number of detected cells among all schemes.

· PSS/SSS muting with assistant information of the muting pattern and cell ID provides significant improvement of the detection performance and the number of detected cells over the baseline scheme.

· PSS/SSS muting does not show gain over the baseline scheme if there is no assistant information on the muting pattern and the cell ID.

· PSS/SSS IC with 2 cancellation steps demonstrates improvement over the baseline scheme in terms of the detection performance and the number of detected cells.
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Figure 3 Simulation results regarding the detection probability
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Figure 4 Simulation results regarding the number of detected cells
The detection probabilities for the 10 strongest cells are also shown in Figure 5 and tabulated in Table 1. 
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Figure 5 Detection probabilities for 10 strongest cells (1)
Table 1 Detection probabilities for 10 strongest cells (2)

	
	1st Cell
	2nd Cell
	3rd Cell
	4th Cell
	5th Cell
	6th Cell
	7th Cell
	8th Cell
	9th Cell
	10th Cell

	PSS/SSS-IC (unlimited cancellations)
	1.00 
	0.99 
	0.99 
	0.96 
	0.93 
	0.87 
	0.82 
	0.81 
	0.81 
	0.79 

	Muting, Pattern known, Cell ID known
	1.00 
	0.87 
	0.84 
	0.78 
	0.76 
	0.72 
	0.67 
	0.67 
	0.65 
	0.61 

	PSS/SSS-IC (2 cancellations)
	0.99 
	0.96 
	0.96 
	0.83 
	0.63 
	0.47 
	0.34 
	0.31 
	0.30 
	0.29 

	Cell ID known
	0.99 
	0.77 
	0.52 
	0.39 
	0.28 
	0.20 
	0.15 
	0.15 
	0.15 
	0.15 

	Muting, Pattern unknown, Cell ID unknown
	0.99 
	0.68 
	0.42 
	0.31 
	0.24 
	0.14 
	0.14 
	0.12 
	0.11 
	0.11 

	Cell ID unknown (baseline)
	0.99 
	0.70 
	0.42 
	0.30 
	0.23 
	0.15 
	0.14 
	0.11 
	0.11 
	0.10 


Observation 3: PSS/SSS muting can significantly improve the detection probability and the number of detectable cells.

Proposal 3: PSS/SSS muting is considered as one of the potential solutions for small cell discovery.

Figure 6 depicts the RSRP measurement accuracy using CRS and SSS within a period of 10 ms. It is shown that the use of CRS and SSS for RSRP measurements during 10 ms leads to similar accuracy. Both ideal and measured RSRP are considered within 10 ms where SSS uses two OFDM symbols and CRS uses all OFDM symbols within a 10 ms period. The ‘DeltaRSRP[dB]’ on the horizontal axis is defined as the absolute value of the RSRP measurement error given by 
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Figure 6 RSRP measurement accuracy for SINR>0dB measured within a period of 10 ms
Observation 4: The use of CRS and SSS for RSRP measurements during a 10 ms period shows similar accuracy.

5 Conclusions
This contribution discussed several aspects of small cell discovery including the network synchronization assumption, existing mechanism, and potential solutions. The simulation results show that PSS/SSS muting can significantly improve the detection performance and the number of detectable cells. From the discussion and the simulation results of this contribution, our observations and proposals are summarized as follows:
Observation 1: The number of detectable cells based on the existing mechanism may not be sufficient for small cell discovery.
Observation 2: Multiple accumulations for PSS/SSS over time do not improve the detection performance in the interference limited scenario such as the small cell scenarios.
Observation 3: PSS/SSS muting can significantly improve the detection probability and the number of detectable cells.
Observation 4: The use of CRS and SSS for RSRP measurements during a 10 ms period shows similar accuracy.
Proposal 1: Small cell discovery should support both synchronous and asynchronous networks.
Proposal 2: The existing mechanism using PSS/SSS/CRS is not sufficient for small cell discovery in small cell deployment scenarios.
Proposal 3: PSS/SSS muting is considered as one of the potential solutions for small cell discovery.
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Annex: Simulation Assumptions

Table 2 System-level simulation assumptions for target cell selection

	Items
	Macro cell
	Small cell

	Layout
	ISD: 500m, 7 Macro sites, with wrap-around
	Clusters uniformly dropped within the macro geographical area; small cells uniformly dropped within each small cell cluster area

	System bandwidth
	10 MHz
	10 MHz

	Carrier frequency 
	2.0 GHz
	3.5 GHz

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

	Distance-dependent path loss
	ITU UMa[refer toTable B.1.2.1-1 in TR 36.814], with 3D distance between an eNB and a UE 
	ITU UMi [refer toTable B.1.2.1-1 in TR 36.814] with 3D distance between an eNB and a UE 

	Penetration
	For outdoor UEs:0 dB
For indoor UEs: 20 dB+0.5*din 
	For outdoor UEs:0 dB
For indoor UEs: 20 dB+0.5*din 

	Items
	Macro cell
	Small cell (Pico cell)

	Shadowing
	ITU UMa according to Table A.1-1 of TR 36.819
	ITU UMi [refer to Table B.1.2.1-1 in TR 36.814]

	Antenna pattern
	3D,  refer to TR 36.819
	2D Omni-directional

	Antenna Height: 
	25 m
	10 m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	UE Antenna Height: 
	1.5 m

	Antenna gain of UE
	0 dBi

	UE speed
	3 km/h

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of TR 36.819
	EPA

	Antenna configuration
	1Tx2Rx
	1Tx2Rx

	Number of clusters per macro cell geographical area
	1

	Number of small cells per Macro cell
	10 

	Number of UEs 
	5 UEs / small cell cluster

	UE dropping
	UEs randomly and uniformly dropped within the clusters

	Radius for small cell dropping in a cluster
	50 m 

	Radius for UE dropping in a cluster
	70 m

	Minimum distance (2D distance)
	Small cell-small cell: 20 m    
Small cell-UE: 5 m  

Macro –small cell cluster center: 105 m    

Macro – UE : 35 m 

cluster center-cluster center: 2x radius for small cell dropping in a cluster      
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Figure 7 SINR distribution for all UEs
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