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1. Introduction
[bookmark: OLE_LINK32][bookmark: OLE_LINK35][bookmark: OLE_LINK20][bookmark: OLE_LINK19][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In 3GPP RAN1 Session #76, many potential candidates for small cell discovery are discussed, but it continues without conclusion. However, it was agreed that UE can assume multiple reference signals are transmitted in the enhanced cell discovery procedure for one or multiple purposes. In this paper, the performance of CRS type, PRS type, and CSI-RS type discovery signal are evaluated. The results show that both CSI-RS and CRS type discovery signal can achieve at least 90% detection cell detection rate and satisfy RAN4 requirements for up to four small cells.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]
2. [bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262][bookmark: OLE_LINK83][bookmark: OLE_LINK84]Candidate Discovery Signals
In 3GPP RAN1 Session #76, one agreement for discovery signals and measurements is that UE can assume multiple signals, including at least PSS, are transmitted in the enhanced cell discovery procedure. In this paper, we assume that PSS is used for coarse time and frequency synchronization. The candidate reference signals for cell detection and RSRP measurements are shown below.
Option 1: Cell-specific reference signal (CRS)
In this case, CRS is applied for cell detection and RSRP measurements. There are two methods of CRS type discovery which are described as below:
· CRS with CRS-IC
In this method, CRS interference cancellation technique (CRS-IC) in Release 11 is utilized to reduce the interference due to other cells’ CRS. IC on the CRS(s) is performed and UE can (partially) cancel CRS(s) with detected Cell-ID. To reduce the impact on the legacy UE, only the CRS(s), if it is detected, from the two strongest small cells are cancelled. Since this method only cancels the interference from CRS, the performance degradation is dominated by the interference from data.  

· [bookmark: OLE_LINK131][bookmark: OLE_LINK132]CRS with RE muting and CRS-IC
[bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK138]In this method, RE muting is proposed to eliminate the interference from data on CRS symbols, and it could be applied to all data REs or randomly applied to some data REs. In addition, CRS-IC is also used to mitigate the CRS(s) interference from the neighboring cells.

Option 2: Channel-state information reference signal (CSI-RS)
In this case, CSI-RS is applied for cell detection and RSRP measurements. All small cells are configured with different CSI configurations to achieve the orthogonal transmission of CSI-RS(s) and hence there is no CSI-RS(s) interference from the neighboring cells. Furthermore, ZP CSI-RSs are also applied on the REs which are potential positions of CSI-RS to eliminate the data interference from the neighboring cells.


Option 3: Positioning reference signal (PRS)
In this case, PRS is applied for cell detection and RSRP measurements and MBSFN subframes can be configured to remove the inter-cell interference due to data transmission. Due to the lack of interference cancellation, the performance of PRS is dominated by the interference from other cells’ PRS. Introducing interference cancellation technique on PRS can further improve its performance.  However, how to address the collision with other reference signals, e.g. DMRS and PSS, require further investigation.

3. Simulations
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]In the simulations, 10 small cells with one antenna port CRS and randomly Cell-ID assignment, between 0 to 503, are evaluated. CRS of each small cell is interfered with nine sources of interference, including one or multiple CRS(s) and data interference from neighboring small cells. Timing and frequency synchronization had been done by PSS. Furthermore, 20% and 50% average resource utilization (RU) assumptions of data transmission power are considered for whole small cells, including out-cluster small cells. Figure 1 shows show the cumulative distribution function (CDF) of the residual time and frequency offset after PSS time/frequency synchronization.
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(a)                                                                                   (b)       
[bookmark: _Ref383100570]Figure 1. CDF of residual time and frequency offset after PSS time/frequency synchronization.
[bookmark: OLE_LINK331][bookmark: OLE_LINK332][bookmark: OLE_LINK333][bookmark: OLE_LINK112][bookmark: OLE_LINK113]From Figure 1, we can see that the residual timing and frequency offset are within ±1μs and ±500Hz respectively. Simulation results for cell detection are shown in Table I and II for 20% and 50% RU on small cell layer, assuming the residual timing/frequency offset after coarse synchronization with PSS.
[bookmark: OLE_LINK39][bookmark: OLE_LINK38]Table I.  Performance comparison of CRS/CSI-RS/PRS based cell detection with 20% RU.
	[bookmark: OLE_LINK86][bookmark: OLE_LINK87]Cell detection rate
	SC0
	SC1
	SC2
	SC3

	[bookmark: OLE_LINK28][bookmark: OLE_LINK31]CRS with IC
	[bookmark: OLE_LINK91][bookmark: OLE_LINK92]100%
	94.93%
	83.81%
	68.83%

	CRS with 100% RE muting and IC
	100% 
	99.96%
	99.11%
	94.72%

	CSI-RS
	100%
	100%
	100%
	99.94%

	PRS
	100%
	97.89%
	97.78%
	80.54%


[bookmark: OLE_LINK177][bookmark: OLE_LINK178]
[bookmark: OLE_LINK42][bookmark: OLE_LINK41]Table II.  Performance comparison of CRS/CSI-RS/PRS based cell detection with 50% RU.
	[bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK85]Cell detection rate
	SC0
	SC1
	SC2
	SC3

	CRS with IC
	100%
	86.59%
	60.54%
	35.84%

	CRS with 100% RE muting and IC
	100%
	99.94%
	98.2%
	92.94%

	CSI-RS
	100%
	100%
	99.84%
	98.08%

	PRS
	100%
	97.77%
	90.12%
	79.76%




[bookmark: OLE_LINK25][bookmark: OLE_LINK24]The CDFs of mean-squared error (MSE) of RSRP measurement are shown in Figures 2 and 3 for 20% and 50% RU on small cell layer respectively.  In Figure 2 and 3, the RSRPs are measured using one subframe. From Table I-II and Figure 2-3, we can see that the RSRP measurement errors of CRS with RE muting and IC, CSI-RS, and PRS are independent of the average RU. To have a smaller measurement error, in Figure 4 RSRP for 50% RU are measured using 4 subframes.
[image: ]    [image: ]
                                                       (a)                                                                                (b)
[image: ]    [image: ]
                                                       (c)                                                                               (d)
[bookmark: OLE_LINK43][bookmark: OLE_LINK46][bookmark: OLE_LINK52][bookmark: OLE_LINK51]Figure 2. CDF of RSRP MSE measured using one subframe with 20% RU.    
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Figure 3. CDF of RSRP MSE measured using one subframe with 50% RU.    

[image: ]    [image: ]
                                               (a)                                                                                (b)
[image: ]    [image: ]
(b)                                                                                 (d) 
Figure 4. CDF of RSRP MSE measured using 4 subframes with 50% RU.    
From the simulation results, we can see that either CRS type (the case with RE muting and IC), or CSI-RS type, or PRS type can provide at least 90% cell detection rate and less than 6dB absolute RSRP measurement error (RAN4 requirement) for up to 3 small cells. Though there is no consensus on how many small cells should be considered in small cell discovery and measurement yet, at least 90% cell detection and RAN4 requirements on RSRP measurements for up to 4 small cells is possible for CRS type (CRS with RE muting and IC) and CSI-RS type discovery signals. For PRS type discovery signal, although the data interference from the neighboring cells is eliminated by RE muting, it still suffers from the PRS interference from the neighboring cells. The performance of cell detection rate and RSRP measurement of CSI-RS is better than that of CRS with RE muting and IC.
[bookmark: OLE_LINK334][bookmark: OLE_LINK335]Observation #1: The detection rates and RSRP measurement errors of CRS with RE muting and IC, CSI-RS, and PRS are independent of the average RU due to data RE muting.
Observation #2: CRS with RE muting and IC, CSI-RS and PRS can provide at least 90% cell detection rate and less than 6dB absolute RSRP measurement error (RAN4 requirement) for up to 3 small cells.
Observation #3: Only CRS-IC with RE muting and IC and CSI-RS can provide at least 90% cell detection rate and RAN4 requirements on RSRP measurements up to 4 small cells.
[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK44][bookmark: OLE_LINK45]
4. [bookmark: _Ref129681832]Conclusion
[bookmark: OLE_LINK37][bookmark: OLE_LINK36][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Based on the discussion of the simulation results for the candidates of DRS, the following proposals can be concluded.
Proposal: Either CRS with 100% RE muting or CSI-RS can be utilized for cell detection and RSRP measurement of small cells with top-4 received signal strength. 
5. [bookmark: OLE_LINK2][bookmark: OLE_LINK3]Appendix I: Interference profiling
[bookmark: OLE_LINK76][bookmark: OLE_LINK73]For efficient simulation, the following simulation methodology is used to evaluate the performance of small cell discovery in this document without the loss of generality.
Step #1: System-level simulation to model the interference profile for link-level simulation
Step #2: Link-level simulation to derive the performance curve based on the interference profile derived in step #1
According to the agreements, Scenario 2a is the targeted scenario for evaluation.  Considering two small cell clusters in each macrocell and 10 small cells within each small cluster, there are 1140 small cells and each small cell contributes interference to other small cells.  To simplify the interference profiling, only signals from small cells with top 10 signal strength are considered and generated in link-level simulation.  The interference from the remaining small cells is considered together with thermal noise as white noise.  The following equation illustrates the method.

,





[bookmark: OLE_LINK63][bookmark: OLE_LINK65][bookmark: OLE_LINK146][bookmark: OLE_LINK267][bookmark: OLE_LINK268][bookmark: OLE_LINK9][bookmark: OLE_LINK12][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK89][bookmark: OLE_LINK90]where  is the received signal vector by the UE,  is the SIMO channel matrix from the nth small cell to the UE,  is the signal vector from the small cell with the strongest signal strength,  is the interference signal vector caused by the nth small cell,  is the white noise.
[bookmark: OLE_LINK98][image: ]                           [image: ]
[bookmark: OLE_LINK176][bookmark: OLE_LINK175]Figure 5. CDF of the signal strength of top-10 small cells   Figure 6. CDF of the interference level from other small cells.
Table III. Mean signal strength of top-10 small cells and interference level from other small cells.
[image: ]



[bookmark: OLE_LINK64]1000 different small cell topologies and UE locations are used to profile the received signal strength from small cells within the same cluster and the interference level from other small cell clusters.  Figure 5 and Figure 6 show the CDF of the signal strength of top-10 small cells and the CDF of the interference level from other small cells, respectively.  Table III shows the mean signal strength of top-10 small cells and the interference level from other small cells in dBm.  For the modeling of interference from top-10 small cells, reference signals and OCNG with 20% and 50% cell loading are generated with the corresponding signal strength for link-level simulation.  The power density level of  including both background white noise and interference from other small cells is modeled as the linear sum of  and , where RU is the cell loading of 20% and 50%.

6. Appendix II: Simulation Setting
[bookmark: OLE_LINK27][bookmark: OLE_LINK26]Link-level simulation parameters are listed as below.
	Parameter
	Unit
	CRS

	Cell identifier
	-
	{0,…, 503}

	System bandwidth
	RB
	50

	Carrier frequency
	GHz
	3.5

	Data modulation
	-
	QPSK

	CP length
	-
	Normal

	SNR
	dB
	Table III

	Number of Tx antennas
	-
	1

	Number of Rx antennas 
(uncorrelated with equal gain)
	-
	2

	Number of candidates after cell search
	-
	8

	Propagation conditions
	-
	EPA3

	False alarm rate
	-
	< 0.1%

	Total number of measured subframes
	Subframe
	1, 4

	RB utilization
	RB
	50

	Max. frequency offset relative to UE frequency reference
	ppm
	±2.14

	Max. timing offset 
	ms
	±2.5

	Note: 
1. For each trial, 10 Cell-IDs are randomly selected without replacement.
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