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Introduction
In last RAN1 #77 meeting, the following agreements on small cell discovery were made.
· For enhanced discovery procedure:
· UE can be configured with at least one DRS measurement timing configuration per frequency
· Note: DRS measurement timing configuration indicates when UE may perform cell detection and RRM measurement based on DRS
· Note: UE can detect multiple cells based on a DRS measurement timing configuration on the frequency
· UE can expect DRS in DRS measurement timing configuration
· DRS measurement timing configuration includes at least period and offset and potentially duration
· The reference timing for the offset is a serving cell timing
· FFS: Which serving cell
· A DRS comprises following signals
· Both PSS and SSS are transmitted
· Additional reference signal(s) include CRS and/or CSI-RS
· FFS: Changing mapping of PSS/SSS, CRS, CSI-RS
· Further down select of following alternatives of DRS in RAN1 #77 meeting
· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurable
· Alt. 3a: DRS is PSS/SSS/CRS
· Alt. 3b: DRS is PSS/SSS/CSI-RS
· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable
· Rel. 12 discovery signal should identify transmission point
· Rel. 12 discovery signal should facilitate small cell on/off

In this contribution, we will give performance evaluation results of discovery signals options.
Discovery signal options
2.1 	SSS location
According to the agreement in last RAN1 meeting, PSS/SSS will be transmitted as a part of discovery signal. However, it is still FFS where the discovery signals will be located. Hence, we will provide the evaluation results of cell detection performance depending on the SSS location. We consider the different SSS location depending on PSS id (cell group id) with SSS muting among small cells. It means that SSS can be located in 3 different locations. The detailed simulation assumptions and evaluation results are shown in appendix. The cell detection performance is compared with that using legacy PSS/SSS in Table 1. As shown in Table 1, the cell detection performance can be significantly improved by changing SSS location depending on PSS id. 

Table 1. Percentage of UE with detection probability of Pd < 0.9
	
	1st cell
	2nd cell
	3rd cell

	Legacy PSS/SSS location: Prob (UE| Pd < 0.9)
	0 %
	32.3 %
	100 %

	SSS location depending on PSS id: Prob (UE| Pd < 0.9)
	0 %
	0.8 %
	14.8 %



Observation 1:The cell detection performance can be significantly improved by changing SSS location depending on PSS id with SSS muting among small cells. 

2.2 	Transmission point (TP) identification
Since transmission point (TP) should be identified by discovery signals, it would be desirable to adopt CSI-RS as a part of discovery signals (call it as DRS-CSI-RS) for the purpose of TP identification in addition to PSS/SSS. We also evaluate the cell detection performance using DRS-CSI-RS. In this evaluation, it is assumed that physical cell id can be detected without error using PSS/SSS and thus performance of TP identification of DRS-CSI-RS is evaluated. For DRS-CSI-RS transmission, we assume that DRS-CSI-RS is transmitted with muting among TPs by configuring zero power CSI-RS. The detailed simulation assumptions and results are also shown in appendix. The TP detection performance is shown in Table 2.
As shown in Table 2, the TP can be reliably detected by DRS-CSI-RS in case of system bandwidth of 25 RBs. However, the TP detection performance degrades in case of system bandwidth of 6 RBs, which may require enhanced DRS-CSI-RS transmission (e.g., increased density) if 6 PRB bandwidth needs to be supported. Given that small cell layer may utilize high frequency band such as 3.5 GHz where wideband would be available, supporting 6 PRB for on/off operation may not be so essential. Thus, we consider DRS-CSI-RS performance for TP identification is satisfactory.

Table 2. Percentage of UE with detection probability of Pd < 0.9
	
	1st cell
	2nd cell
	3rd cell

	DRS-CSI-RS for TP detection (25 RB): 
Prob (UE| Pd < 0.9)
	0 %
	0.28 %
	3.12 %

	DRS-CSI-RS for TP detection (6 RB): 
Prob (UE| Pd < 0.9)
	2.13 %
	14.08 %
	46.11 %



Observation 2:The TP can be reliably detected by orthogonal DRS-CSI-RS configuration with muting  among small cells for system bandwidth of larger than 25 RBs. 

2.3 	RRM measurement
As discovery signal will be used for RSRP and RSRQ-like measurements, the measurement performance of discovery signal should be also analysed. Hence, we evaluate the RSRP measurement accuracy when  DRS-CSI-RS is used for RSRP measurement as discovery signal. The detailed evaluation assumptions are in Table 3. 



Table 3. Evaluation assumptions for RSRP measurement using discovery signal (DRS-CSI-RS)
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	3.5 GHz

	Channel profile
	EPA, 3km/h

	Frequency error
	Uniformly distributed in [-200, 200] Hz

	Timing error
	Perfectly known to UE

	Measurement duration
	1ms / 4ms

	Measurement interval
	1ms

	Measurement  bandwidth
	6PRBs / 50PRBs

	Number of antenna ports for CSI-RS
	1

	State of a cell
	Small cell off-mode

	SINR
	-9dB, -6dB, -3dB



According to current specification in [1], the RSRP measurement accuracy requirement is 6 dB on the condition of SINR  -6 dB in normal condition. We show the RSRP measurement performance with discovery signal in Figure 4 (including RSRP measurement performance using CRS as a reference). As can be seen in Figure 1, the accuracy requirement can be fulfilled with SSS. In case of CSI-RS, the accuracy requirement can be fulfilled when 50 RBs or multiple subframes are used for measurement. 
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Figure 1. RSRP measurement performance using discovery signal: (a) CRS (reference), (b) DRS-CSI-RS (6 RB), and (c) DRS-CSI-RS (25 RB)

Observation 3:RRM measurement using DRS-CSI-RS can satisfy the accuracy requirement for system bandwidth of 25 RBs.

Conclusions
We discuss the discovery signal options and have following observations.
Observation 1:The cell detection performance can be significantly improved by changing SSS location depending on PSS id with SSS muting among small cells. 
Observation 2:The TP can be reliably detected by orthogonal CSI-RS configuration with muting  among small cells for system bandwidth of larger than 25 RBs. 
Observation 3:RRM measurement using DRS-CSI-RS can satisfy the accuracy requirement for system bandwidth of 25 RBs.
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Appendix
The link and system level simulation assumptions for cell detection are shown in Table 1 and Table 2, respectively.

Table A1. Link level simulation assumptions for cell detection.
	System bandwidth
	25 RB

	Carrier frequency 
	3.5G

	Channel model and Doppler frequency
	EPA

	Time offset (us)
	Random and uniform timing offset within +/- 3 us for each signal

	Frequency offset (Hz)
	Random and uniform frequency offset within 0.1ppm at the UE

	UE speed
	3km/h

	PSS/SSS transmission
	5 strongest cells

	Antenna configurations
	2x2

	Number of CSI-RSsubframes used for cell detection
	Single subframe

	Threshold for RSRP gap with respect to the 1st strongest cell
	12 dB

	Interference modelling
	AWGN for the interference from cells other than the 5 strongest cells



Table A2. System level simulation assumptions for cell deployment.
	Scenario
	Scenario #2a

	Number of macro site
	7

	Total Small cell TX Power
	30 dBm

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model as baseline

	Antenna configuration
	2x2, cross-polarized

	Selection of target cell for detection
	3 strongest cells based on RSRP








In Figure A1, we show cell detection performance with legacy PSS and SSS as a reference.
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Figure A1. Cell detection performance with legacy PSS and SSS. (a) 1st cell, (b) 2nd cell, and (c) 3rd cell l detection performance.









In Figure A2, we show cell detection performance of PSS and SSS location depending on the PSS id. 
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Figure A2. Cell detection performance of PSS and SSS location depending on PSS id. (a) 1st cell, (b) 2nd cell, and (c) 3rd cell detection performance.











In Figure A3, we show TP detection performance using DRS-CSI-RS in case of system bandwidth of 25 RBs.

[image: ]    [image: ]

(a)							(b)
[image: ]
                                        (c)							


Figure A3. Cell detection performance using DRS-CSI-RS with system bandwidth of 25 RB. (a) 1st cell, (b) 2nd cell, and (c) 3rd cell detection performance.








In Figure A4, we show TP detection performance using DRS-CSI-RS in case of system bandwidth of 6 RBs.

[image: ]  [image: ]
(a)							(b)
      [image: ]
(c)							

Figure A4. TP detection performance using DRS-CSI-RS with system bandwidth of 6 RB. (a) 1st cell, (b) 2nd cell, and (c) 3rd cell detection performance.
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