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1 Introduction

After the RAN1#74 and RAN#61 meetings, the study item "Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects" is extended to the end of this year.  RAN1 is instructed to further study on the listed open issues, such as efficient small cell discovery by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS [1].

In this contribution we extend the existing PSS/SSS without any impact on the legacy UEs operations by defining  a zero-overhead discovery signal design based on the unused REs next to the existing PSS/SSS REs, and present the performance evaluation results by including the link level signal generation and detection in the system simulations.

2 Discovery signal design

2.1 DS locations
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Figure 1. Location of REs for the companion discovery signal

The discovery signal is carried by the REs next to both the PSS and SSS REs that were unused up to now [2]. Thus the discovery signal can be labelled as CDS (Companion Discovery Signal) and regarded as one extension to the existing PSS/SSS signals, as illustrated in Figure 1.

There are in total 40 unused REs in one radio frame, but only 32 of them are used for the discovery signal . The REs closest to the PSS/SSS REs are excluded in order to be resistant to the initial frequency offset up to ±7.5kHz[3, p157] for the PSS stage.

Furthermore, these 32 REs can be divided into four regions (two in each PSS/SSS subframe) according to their locations in the time and frequency domain: first upper, first lower, second upper and second lower regions, as shown in Figure 2.
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Figure 2. Four CDS regions for one radio frame

2.2 Sequence and modulation

In each region there are 8 REs where one or more orthogonal sequences shown in the table 2-2 below are transmitted. The use of orthogonal sequences enables not only the simultaneous multiple sequences transmission in one 8-RE region, but also reliable noise power estimation based on the rest of the orthogonal sequences, thus increases the detectability and the quality measurements of CDS .

As an example, two sequences #6 and #7 out of the eight sequences are used in each basic region as the discovery signal and BPSK modulation is used, then eight small cells can transmit their CDS in one radio frame as the following: 

· small cell #1 transmits sequence #6 in the first upper region, 

· small cell #2 transmits sequence #7 in the first upper region,

· small cell #3 transmits sequence #6 in the first lower region,

· small cell #4 transmits sequence #7 in the first lower region,

· small cell #5 transmits sequence #6 in the second upper region, 

· small cell #6 transmits sequence #7 in the second upper region,

· small cell #7 transmits sequence #6 in the second lower region,

· small cell #8 transmits sequence #7 in the second lower region

Table 2-2 CDS sequences

	sequence index
	Hadamard sequence

	0
	1
	1
	1
	1
	1
	1
	1
	1

	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1

	2
	1
	1
	-1
	-1
	1
	1
	-1
	-1

	3
	1
	-1
	-1
	1
	1
	-1
	-1
	1

	4
	1
	1
	1
	1
	-1
	-1
	-1
	-1

	5
	1
	-1
	1
	-1
	-1
	1
	-1
	1

	6
	1
	1
	-1
	-1
	-1
	-1
	1
	1

	7
	1
	-1
	-1
	1
	-1
	1
	1
	-1


Figure 3 illustrates one example when two sequences are used and that there are in total 16 small cells that shall transmit the discovery signal. As there can only be 8 cells / radio frame (two in each region) time multiplexing is used for the transmission of the 16 CDS. In [4], a companion contribution addresses some more possible use cases of the CDS in more detail.
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Figure 3. Time-multiplexed CDS transmission

2.3 CDS detection

UEs can detect CDS by a very simple receiver/detector for the example in section 2.2:

1) extract 8 REs for one region 

2) perform an 8th-order Hadamard transform, obtaining 8 correlation outputs

3) of 8 outputs, index 0 ~ 5 are used for estimating the noise power N

4) check index 6 and 7 if their power S is above a threshold (to ensure 0.1% false alarm rate) over the estimated noise power

5) If the correlation output is above the threshold then the discovery signal received quality (DSRQ) can be calculated as:

[image: image4.png]DSRQ =~




6) repeat step 1) to 5) for the rest of the received regions, e.g., two regions for one PSS/SSS occasion, and four regions for two PSS/SSS occasions

Note that there is neither need to estimate channel, nor to compensate with the channel estimates in the CDS detector/receiver, and it can even be implemented in a DSP at an ignorable MIPS cost.

Observation 1: The CDS can be detected using a low complexity receiver.

2.4 Advantages

The proposed CDS design has the following benefits:

· Zero overhead is introduced with the physical discovery signal CDS

· Very simple detector without need of channel estimation or equalization
· Can co-exist with legacy UEs

· A 128-point FFT can be used instead of possible 2048-points (20MHz carrier). This can reduce the power consumption of the UE in the process of discovering small cells compared to other DS designs (e.g existing or modified CSI-RS) 

· Available together with PSS/SSS REs at the same time. 

· No need of notifying UEs with CDS configurations of the small cells, if the CDS detection and measurement is based on only one occasion

· More than one  Hadamard sequences could be transmitted in one 8-RE region to represent different small cells due to the orthogonal sequences
3 Link level signal generation and detection in the system simulation

In order to have a more reliable assessment, we evaluate the proposed CDS discovery signal design by including the link level signal generation and detection in the system simulation, according to the agreed evaluation setup [5] [6].  The evaluation results in one of our previous contribution show that signal transmission on the  unused REs next to PSS/SSS has neglectible impact on the legacy UEs [7].
4 Simulation Results

We have simulated the case with 10 small cells/cluster for the CDS detection with the detailed settings shown in the appendix. An example of the small cell placement and UE dropping is shown in Figure 4. 
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Figure 4. Small cell placement and UE dropping
The detection probabilities for the ten cells are shown in Figure 5.
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Figure 5. Probability of detection for the 10 cells, sorted with strongest cell first
From the results shown in Figure 5 we can see that the five (5) strongest cells can be detected with a probability over 99%, for the cases when transmitting 2,4 or 6 cells / subframe, where 4 cells / subframe means that 2 out of 8 sequences are used by small cells, as described in section 2. Two and six cells / subframe means that 1 and 3 sequences are used instead, respectively.
The CDS can also be used for signal quality measurements. The DSRQ (Discovery Signal Received Quality) is defined as:
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where: 
S is the correlation output for the detected cell.


N is the noise power estimate, based on sequences 0~5.

CDF of the measurement error is shown in Figure 6. The DSRQ is similar to the RSRQ that uses other RS for measurement, which is defined as:
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where: 
[image: image11.png]DSRQi40a



is the ideal DSRQ taking the pathloss and fast fading into account


[image: image13.png]DSRQppqsured



is the measured DSRQ
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Figure 6. CDF of the measurement error [dB]

From Figure. 6 we can see that around 80% of the time the measurement error is within 5dB. 
Observation 2:At least the five strongest cells can be detected with high (>99%) probability.
Observation 3: 80% of the time the measurement error is within 5dB.
5 Conclusion
In this contribution, the design and performance of the Companion Discovery Signal (CDS) defined by extending the legacy PSS/SSS is investigated. It is carried on the previously unused REs next to PSS/SSS REs and thus has zero overhead and no impact on the legacy UEs operations since the legacy PSS/SSS is transmitted as before. UEs can detect CDS via a very simple detector/receiver, even without need of channel estimates. The system simulation results including link level signal generation and detection show that at least five strongest cells can be detected with high probability (> 99%) for only one CDS occasion. Furthermore, the received quality of the discovery signal (DSRQ) can also be measured with a less than 5dB measurement error 80% of the time. We propose 3GPP consider CDS as one enhancement to the existing cell discovery mechanism for an efficient small cell operation.
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Appendix A
Table A: 1:Parameters for small cell deployment
	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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