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1 Introduction

In the previous RAN1 meeting in Chicago a lot of attention regarding the introduction of a discovery signal for enhancing the small cell operation was made [1]. The main aspects when introducing a new physical signal is that it shall not have any impact on legacy UEs and that the overhead (occupation of PDSCH REs) shall be minimized. In this document we show by link-level and system-level simulations that it is possible to introduce a new physical discovery signal that does not affect the legacy UEs and at the same time no additional overhead is introduced. This is achieved by using the unused REs that are surrounding the PSS/SSS REs.
2 Discovery signal based on the unused REs
2.1 Location of the unused REs
The unused REs are mapped as shown in Figure 1, [2].
The main reason that the REs are unused is to ease the UE receiver implementation e.g lower sampling rate of the antenna data and using a 64-point FFT [3, p154]. We propose to use the Unused REs for the new physical discovery signal. This can, for instance, be achieved by using a 128-point FFT and a corresponding sampling rate of 1.92MHz of the antenna data.
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Figure 1. Unused REs 

2.2 Initial analysis and simulation 
Both link level and system-level simulation are performed , and the detailed simulation settings are shown in the annex. The purpose of the simulations is to verify that with the same receiver/detector there is no impact from the transmission of the unused REs, both from link level and system level. We have compared the probability of missed detection in the cases when the new physical discovery signal is transmitted (termed as "with DS" below) and when it is not transmitted (termed as "without DS" below) as a function of SNR. This is done under AWGN conditions using 1RX/1TX antenna. The result is shown in Figure 2.
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Figure 2. Link level performance of cell search when the unused REs transmit or not
In Figure 3 the system level simulation results are presented, it can be seen that there is no impact on the legacy UEs when transmitting the new physical discovery signal on the unused REs.
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Figure 3. System level performance of cell search when the unused REs transmit or not.
3 Discussion
Introducing a new physical discovery signal on the unused REs can have the following benefits:

· No additional overhead is introduced with the new physical discovery signal
· No impact to  legacy UEs
· Reduced requirement of the decimation filters for the cell search implementation

· A 128-point FFT can be used instead of possible 2048-point if the DS would be mapped to other REs (not PSS/SSS). This can reduce the power consumption of the UE in the process of discovering small cells 
· Natural to have the DS at the adhering to the PSS/SSS REs. 
Furthermore, there are in total 40 Unused REs in one radio frame. In order to be resistant to the initial frequency offset up to ±7.5kHz[3, p157] for the PSS stage we don't allocate any DS on the RE closest to the PSS/SSS REs. This means that there are 32 Unused REs that can be used for the new physical discovery signal.
4 Conclusion
In this contribution, we have the following observation and proposal for the new small cell discovery signal. 
Observation: The unused/undefined REs near PSS/SSS symbols can be reused/defined without any impact on the legacy UEs.
Proposal: 3GPP RAN1 could study possible schemes of the small cell discovery signals to be carried on those unused REs adjacent to the current PSS/SSS REs.
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6 Annex
Table 1. Link level simulation setup

	Items
	Values

	Channel Condition
	AWGN

	Antenna Configuration
	1 TX 1RX

	Bandwidth After Decimation
	0.96MHz

	PSS/SSS Non-coherent Accumulation
	No

	Constant False Alarm Rate
	0.1% for both PSS and SSS

	Frequency Offset
	0 Hz


Table 2. System level simulation setup

	Items
	Macro cell
	Small cell

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

	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[referring toTable B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
	ITU Umi [referring toTable B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

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

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi[referring toTable B.1.2.1-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional

	Antenna Height: 
	25m
	10m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	UE Antenna Height: 
	1.5 m

	UE speed
	3km/h

	Antenna configuration
	2Tx2Rx , Cross-polarized
	2Tx2Rx , Cross-polarized

	Number of clusters per macro cell geographical area
	1

	Number of small cells per Macro cell
	10 small cells / Macro sector

	Number of UEs 
	30 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 distance (2D distance)
	Small cell-small cell: 20m

Small cell-UE: 5m

Macro –small cell cluster center: 105m

Macro – UE : 35m

cluster center-cluster center: 2x Radius for small cell dropping in a cluster
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