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1 Introduction
As an output from the discussion on small cell discovery in RAN1#74, the text proposals [1]

 REF _Ref368063331 \r \h 
[2] were agreed to be included in TR 36.872. The summary on small cell discovery is as follows:

	7.2.4
Summary on small cell discovery

As a conclusion, enhancement of small cell discovery would be beneficial at least when small cell on/off is supported. In addition, fast and efficient discovery of small cells provides benefits for inter-frequency measurement.

Efficient small cell discovery procedures can be achieved by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS.


This contribution provides discussion and our further system level simulation results with a practical detection algorithm regarding the potential candidates for small cell discovery.
2  Considerations on efficient small cell discovery
In this section, the important factors that should be considered for efficient small cell discovery are discussed.
2.1 Cell search
The discovery signal shall provide the functionalities of cell search comprising time/frequency synchronization and physical cell ID (PCID) identification. If assistant information can be provided to a UE, the effort of time synchronization and PCID identification can be reduced. 
The existing PSS/SSS was designed to support both synchronous and asynchronous networks. Therefore, even without assistant information, cell search can be properly performed. The same principles to support both synchronous and asynchronous networks should be taken into account for efficient small cell discovery.

Regarding assistant data for timing synchronization, there is a limitation for providing precise information to a UE due to the existence of a potentially unsynchronized network, propagation delay, etc. Therefore, it is obvious that time/frequency synchronization at the UE is essential even when assistant data is available. Further details will be discussed in Section 3.3 based on the existing assistant data used for OTDOA.
2.2 Complexity
It is essential to consider the UE implementation complexity, which is related to the implementation cost and UE power consumption, for efficient small cell discovery. The specification impact can be another source of complexity which should be also considered.
2.3 Detection performance
The main motivation to study efficient small cell discovery was that the existing cell search using PSS/SSS cannot provide sufficiently good performance due to high interference in dense small cell deployment scenarios. Although there has not been a clear guideline on how many small cells need to be detected, as many small cells as possible should be detected with good detection performance. Based on the study so far, the baseline for the number of detectable cells is at least 3.
3  Potential candidates for efficient small cell discovery
In this section, we discuss the potential candidates for efficient small cell discovery based on the discussion in Section 2. We will discuss PSS/SSS muting, PSS/SSS IC, PRS, and CSI-RS as potential candidates for efficient small cell discovery.

3.1 PSS/SSS muting [3]
The current PSS/SSS are transmitted within 6 PRBs around the central frequency of the used system bandwidth in order for a UE to perform cell search without being aware of the scalable bandwidth information. Therefore, in co-channel cell deployment, the PSS/SSS from all cells collide with each other in synchronous networks. This could have a negative impact on the discovery performance, particularly in the interference-limited small cell deployment scenarios.

The multiple accumulations (e.g., non-coherent combining) over time could improve the detection performance within a radio frame. The SSS transmissions at subframe 0 and 5 have different signatures by swapping two short codes and scrambling (one is PSS-based scrambling and the other is segment0 based scrambling on segment1). However, across the radio frames, the exact same signatures are transmitted which cannot reduce inter-cell interference (i.e., the collision patterns between cells are not time varying). Therefore, even with infinite accumulations over time, the SINR cannot be improved and interference randomization should be achieved only within one radio frame [3]
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[6].

To reduce the interference on PSS/SSS, and in consequence to improve the SINR, PSS/SSS muting can be applied. A predetermined muting pattern or 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 noise/interference on the muting position which will result in worse detection performance and, thus, the improvement of the detection performance would be limited. The PSS/SSS may not be muted in the cells supporting legacy UEs for backward compatibility reasons which can be entirely controlled by the network. The optimal muting pattern can be configured by the network.
Considering the important factors discussed in Section 2, PSS/SSS muting can fulfil all the criteria. PSS/SSS muting can provide the functionalities of cell search in the same degree as the existing PSS/SSS, while the detection performance can be significantly improved. The same cell searcher as Rel-8 can be reused while the complexity can be further reduced if assistant information for muting is provided. Finally, the specification impact is marginal since it only requires defining the muting patterns for higher layer signalling.

3.2 PSS/SSS IC [4]
PSS/SSS IC (Interference Cancellation) can provide good detection performance and can have limited impact on the specification as it has been introduced in Rel-11. 
The main concern on PSS/SSS IC is that a significant UE implementation complexity is anticipated. The overall detection performance of PSS/SSS IC depends on how many cells should be cancelled out as a UE capability. For instance, the cell detection for the potentially strongest cell can be performed as follows:
· Step 1: A UE performs the cell search procedure comprising time/frequency synchronization and PCID detection for the potentially strongest cell.
· Step 2: The UE performs channel estimation for the detected cell in step 1.
· Step 3: The UE cancels the detected cell in step 1 using the channel estimation results from step 2.
For the potentially second strongest cell, the above steps should be repeated except for the already detected cell.

It is noted that the existing cell search procedure in Rel-8/9/10 does not have Step 2 and Step 3. In addition to the additional complexity from Steps 2 and 3, the number of iterations would contribute to the UE implementation complexity, which also implies additional power consumption in the small cell discovery procedure. For instance, assuming three cancellations, the required UE complexity and UE power consumption would be significantly increased by iterating the cancellation procedure described above. It is also noted that the complexity may be potentially further increased in RRC_IDLE UEs (if supported) as providing assistant information would be limited.
3.3 PRS [8]
PRS was designed to operate at SINR=-13dB [7]. 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 good aperiodic auto-correlation 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. Good detection performance is expected with PRS muting operation in high interference situations. 
There is a lot of assistant information by LPP to alleviate the UE implementation complexity such as physical cell ID, antenna port configuration, CP length, PRS bandwidth, PRS configuration, the number of consecutive subframes for PRS occasion, expectedRSTD, expectedRSTD-Uncertainty, etc. [5]. On the assistant data to help out timing acquisition, OTDOA basically assumes partially synchronous network allowing half-subframe offset at the eNB for intra-frequency measurement while asynchronous network is supported for inter-frequency measurement. With the potentially partially synchronous network operation and the propagation delay from eNB to UE, a reasonable margin should be considered in the implementation. In this regard, the search window size for PRS detection is given as “[-expectedRSTD-Uncertainty(3(Ts,  expectedRSTD-Uncertainty(3(Ts] centered at TREF + 1 millisecond(N + (expectedRSTD-8192) (3(Ts, where TREF is the reception time of the beginning of the PRS positioning occasion of the assistance data reference cell at the target device antenna connector” [5]. Even considering only the partially synchronous network aspect, the potential search window should be at least [-0.5 ms, 0.5 ms].

The availability of large amount of assistant data for PRS-based small cell discovery as discussed above is essential. In the best case, with PRS being compatible to PSS/SSS in terms of complexity, 6 PRB allocation for PRS can be assumed. However, PRS currently does not have any complexity reduction scheme unlike PSS/SSS. PSS can facilitate the simultaneous cross-correlator utilizing the complex conjugate property from the pairwise root indices (i.e., u=29 and 34) and allows time sampling decimation with 1/32*Ts by occupying 0.96 MHz bandwidth to reduce the detection complexity in timing synchronization. SSS can use Fast Hadamard Transform from M-sequence, which allows fewer hypothesis tests due to the structure of two short SSS codes
A significant amount of impacts on the specification is expected in RRC specification in order to define the assistant data. It is noted that the current assistant information for PRS has been defined in LPP specification.
OTDOA using PRS is supported only for RRC_CONNECTED UEs. It would be difficult to use PRS for RRC_IDLE UEs as it requires a lot of assistant information.
3.4 CSI-RS [9]
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CSI-RS was mentioned as a potential candidate for efficient small cell discovery. It has been widely studied that CSI-RS is beneficial to improve the detection performance due to high reuse in time/frequency domain assuming either ideal received timing assumption or practical timing assumption up to ±3 us search window. However, fundamentally, as discussed in Section 3.3, it is difficult to assume perfect synchronization among eNBs all the time, which requires at least ±0.5 ms search window (i.e., partially synchronous network). Even assuming the very tight transmit timing difference among eNBs up to ±3 us, the search window at UE should set to be much wider than ±3 us due to the propagation delay.
Small cell scenario #2 (non-co-channel deployment between macro and small cells) is similar to CA Scenario 4 [12] except for the backhaul assumption. As identified in [13][14], even assuming perfectly synchronous operation between macro and small cell with ideal backhaul, the maximum received timing difference between MeNB and SeNB is 31.37 us comprising propagation delay (30 us), initial transmission timing error (24Ts), uncertainty of the reception time in the UE downlink (10Ts), and eNB time alignment error (TAE:260 ns). Considering that one of the main useful cases for small cell discovery signal is to support small cell on/off, the worst-case scenario should be considered when an off-cell transmits a small cell discovery signal. When the small cells in off-state transmits a discovery signal, the UE knows only the timing of MeNB and should perform timing synchronization for SeNB. Therefore, the minimum UE search window would be at least ±31.37 us. If we further consider a practical value for the small cell phase synchronization requirement even in TDD, which is ±3 us, as in TS 36.133, the minimum UE search window becomes even larger.
Based on the analysis above, 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 1 shows the aperiodic auto-correlation profile for CSI-RS. A side peak is observed at the time instance of 5.56 us compared to the reference. Therefore, when a UE has a search window which is longer than ±2.78 us (=±5.56/2 us), the UE has a high chance to find two ambiguity peaks within the search window. Therefore, the detection performance would be significantly degraded especially in the low SINR range, which is the case for the dense small cell deployment scenarios. In Section 4, our simulation results show that CSI-RS based discovery signal provides unacceptable performance.
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Figure 1 Aperiodic auto-correlation profile for CSI-RS
3.5 Summary for the potential candidates
As a summary for the potential candidates discussed in Section 3.1 to 3.5, the comparison of the potential candidates for efficient small cell discovery is summarized in Table 1.
Table 1 Comparison of the potential candidates for efficient small cell discovery

	
	PSS/SSS muting
	PSS/SSS IC
	PRS
	CSI-RS

	Timing synchronization
	Yes
	Yes
	Yes
	No

	UE implementation complexity/power consumption
	Low
	High
	Med
	Low

	Specification impact
	Low
	Low
	High
	Low

	Detection performance
	Good
	Good
	Med
	Bad

	Support of RRC_IDLE UEs
	Yes
	Yes
	Difficult
	Difficult

	Resource overhead* [OFDM symbols]
	4/8/16
	4/8/16
	8
	6**

	The number of OFDM symbols which can transmit the data in the subframes conveying the discovery signal***
	12
	12
	0
	6


* For PSS/SSS muting and IC, A/B/C represents the values for 2/4/8 samples, respectively. For PRS and CSI-RS, 1 sample is assumed.

** 10 ZeroPowerCSI-RS configurations per cell are assumed.
*** Normal CP and CFI=2 are assumed for system bandwidth values higher than 1.4 MHz.

4 Simulations
4.1 Simulation set-up

All the simulation assumptions as described in [11] are applied. Further details on the simulation assumptions are given in the following:
· All links between small cells and UEs fulfilling RSRP>=-127dBm 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.

· The remaining cells other than N cells are modeled as AWGN.

· 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 (e.g., multiple timing positions for u0, u1, and u2).

· Search window is ±5 ms.

· Frequency synchronization is not performed.

· For each timing position, the UE performs cell ID and CP detection using SSS for the top N small cells by applying the false alarm detection threshold.

· The following detection criteria are further used:

· RSRP >= -127dBm

· Correct CP detection

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

· The traffic model is full-buffer.

· Cell planning

· Random cell planning is applied except for CSI-RS.

· Cell planning is applied for CSI-RS by properly configuring CSI-RS IM

· PSS/SSS muting pattern

· The radio frame level muting pattern (i.e., 2 samples) is used and non-muted cells are defined in a round-robin manner among the cells.
· Various periodicities for the muting pattern are evaluated – 2, 4, and 8 samples

· For the muting periodicity of 2 samples, the muting pattern is applied within a radio frame (i.e., half-radio frame level).
· It is noted that a further optimized muting pattern can be configured if the muting pattern is provided by higher layer signaling.
· PSS/SSS IC

· Two IC operations are applied.

· 2, 4, and 8 samples are evaluated.

· PRS

· PRS occupies 6 PRBs.
· The subframes containing PRS do not transmit data but only PRS.
· CSI-RS

· CSI-RS occupies 6 PRBs.

· The subframes containing CSI-RS transmit data only on the OFDM symbols not for CSI-RS configuration, together with CSI-RS.
The detailed simulation assumptions are described in Table 2 of the Annex.
4.2 Simulation results
Figure 2 shows the simulation results on the detection probability of the potential candidates for efficient small cell discovery. From the simulation results, we observe the following:
· In general, PSS/SSS muting shows the best detection performance for up to 10 cells.

· Considering up to four cells, PSS/SSS IC shows the best detection performance.

· The detection performance for PRS is better compared to the baseline (i.e., existing PSS/SSS). However, the improvement is marginal.

· CSI-RS based small cell discovery does not work.
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Figure 2 Detection probabilities of the potential candidates for efficient small cell discovery
5 Conclusion
This contribution provides comprehensive discussion and simulation results of the potential candidates for efficient small cell discovery. The overall comparison is presented in Table 1. From the discussion and the simulation results, it turns out that PSS/SSS muting is a promising solution among the potential candidates considering the functions of time/frequency synchronization, UE implementation complexity/cost, UE power consumption, specification impact, detection performance, support of RRC_IDLE UEs, resource overhead, and processing time. Therefore, we propose to consider PSS/SSS muting as an efficient small cell discovery mechanism.
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Annex Simulation assumptions
Table 2 Simulation parameters

	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
	1.4 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      

	Number of CSI-RS ports
	1

	Number of ZeroPowerCSI-RS configurations per cell
	10

	PRS mapping
	Applying frequency shift (v_shift) without cell ID planning

	Search window size
	5ms
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