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1 Introduction

In the RAN1#74bis, we proposed the so-called “Companion Discovery Signal (CDS)” based on the unused REs next to the existing PSS/SSS REs [1]. In this contribution, we evaluate further the performance of CDS-based RSRP measurement. The system simulation results show that the CDS-based RSRP measurements accuracy meets the 3GPP CRS-based measurements requirements [2].
2 CDS Design
CDS Locations Review  
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Figure 1. Location of REs for CDS 
CDS is carried by the REs next to both the PSS and SSS REs that were unused up to now [3] as one extension to the existing PSS/SSS signals [5], as illustrated in Figure 1. Only 32 out of the 40 unused REs in one radio frame are used for CDS, while the 8 REs adjacent to the PSS/SSS REs are excluded in order to be resistant to the initial frequency offset up to ±7.5kHz[4, 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 [1].
Sequence and modulation

In each region there are 8 REs where one or more Hadamard sequences with length of 8 are transmitted for the discovery purpose, while the rest sequences are not transmitted and used for the noise power estimation. In the examples shown in [1], two sequences are for the discovery purpose and the rest six sequences are for the noise power estimation. The simulation results show that the detection performance is very good even for the 5th strongest cell. 

In the CDS design we have used 5 out of the 8 sequences for the discovery, and the rest 3 sequences for the noise power estimation. This means that discovery signals from a total number of 20 small cells can be distinguished in one radio frame, as shown in Figure 2. 
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Figure 2. Time-multiplexed CDS transmission

CDS based RSRP Measurement
Similar RSRP measurement can also be defined based on CDS instead of CRS. 
Considering the fact that there are only 8 REs for one CDS signal, an accurate CDS based RSRP might require several CDS occasions in the time domain. In the case of inter-frequency measurements, a longer time duration to obtain a CDS based RSRP is expected. On the other hand, in a synchronized network, there is no inter-cell interference in the REs that carry the CDS, except other orthogonal Hadamard sequences.
For example, if there are 20 small cells under one macro cell, CDS from all of the 20 small cells can be transmitted within one radio frame as illustrated below. 

· Inter frequency measurement gap: 40ms

· 10 cells are transmitted during each occasion (5 in the upper region and 5 in the lower region)

· Use 4 occasions for CDS detection and measurements (RSRP)

· Example: 20 cells:

· Gap1, subframe 0: cells 1-10 are transmitted

· Gap1, subframe 5: cells 11-20 are transmitted

· Gap2, subframe 0: cells 1-10 are transmitted

· Gap2, subframe 5: cells 11-20 are transmitted

· Gap3, subframe 0: cells 1-10 are transmitted

· Gap3, subframe 5: cells 11-20 are transmitted

· Gap4, subframe 0: cells 1-10 are transmitted

· Gap4, subframe 5: cells 11-20 are transmitted
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Figure 3. CDS based RSRP Measurements

In this example, sufficient CDS detection and measurement accuracy can be obtained after 4 gaps. So, it will take 4*40ms to measure and detect 20 cells.
3 Link level signal generation and detection in the system simulation

In order to have a 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 [6] [7]. The evaluation results in one of our previous contributions show that signal transmission on the unused REs next to PSS/SSS has negligible impact on the legacy UEs [5].

4 Simulation Results
We have made simulations based on the CDS design as described in section 2. We have used the simulation setup as described in detail in Appendix A. The RSRP  measurement accuracy and detection probabilities are evaluated using two different propagation conditions, AWGN and EPA 3km/h. The RSRP measurement accuracy is shown in Figure 4 and Figure 5 respectively. We also provide the detection probabilities for the top 10 cells for the two different propagation conditions., the results are shown in Figure 6 and Figure 7. 
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Figure 4. CDF of RSRP measurement error [dB] for AWGN propagation channel

From the results shown in Figure 4 we can see that more than 90% of the time the measurement error for the top 3 strongest cells is within 2dB. 
[image: image5.wmf]-10

-5

0

5

10

15

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RSRP error [dB]

CDF

 

 

1st Cell

2nd Cell

3rd Cell


Figure 5. CDF of RSRP measurement error [dB] for EPA 3km/h propagation channel
From the results shown in Figure 5 we can see that more than 90% of the time the measurement error for the top 3 strongest cells is within 6dB.
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Figure 6. Probability of detection for the 10 cells, AWGN channel
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Figure 7. Probability of detection for the 10 cells, EPA 3km/h channel
Observation 1: The detection probability is more than 99% for the top three cells.

Observation 2: 90% of the time the RSRP measurement error is within 2dB for the AWGN channel and within 6dB for the EPA 3km/h propagation channel.
5 Conclusion
In this contribution, the performance of CDS based RSRP measurement is evaluated. The system simulation results including link level signal generation and detection show that all the top three cells can be detected with high probability (> 99%) using the scheme outlined in section 2.2. Furthermore, 90% of the time the RSRP measurement error is within 2dB for the AWGN channel and within 6dB for the EPA 3km/h propagation channel . 

6 Reference

[1]
R1-134324, “Small Cell Discovery Signal – Design and Simulation Results”, 3GPP RAN1#74bis, Oct 2013, ZTE

[2]
3GPP TS36.133, “E-UTRA: Requirements for support of Radio Resource Managements”

[3]
3GPP TS36.211, "E-UTRA Physical Channels and Modulation"
[4]
Stefania, S., Issam T., Matthew B. "LTE: the UMTS Long Term Evolution 2:ed", 2011, Wiley
[5]
R1-132084 " RE Mapping for Small Cell Discovery Signal Based on Unused REs", ZTE

[6]
R1-132785, "Assumptions for evaluation related to small cell discovery ", NTT DOCOMO, Huawei, HiSilicon, ETRI, ZTE, MediaTek, Panasonic, CMCC, LG Electronics

[7]
R1-133070, "Evaluation results for small cell discovery including link-level signal generation and detection ", ZTE
Appendix A

Table A: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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