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1
Introduction

Agreements and working assumptions from last RAN1#76bis include:

Agreements:
· 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

Agreements:
· 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
Thus it was agreed that discovery signal will contain at least PSS/SSS for cell detection and for RSRP measurements CRS and/or CSI-RS. In this paper discuss the burst design show our cell detection results as well as compare RSRP measurements from CRS and CSI-RS. 

2
Discovery burst design
The PSS and SSS were agreed to be included in the discovery burst in the previous meeting. Further down selection on the burst design was concentrating whether to include CRS and/or CSI-RS into the discovery burst. As the measurements in current system are based on CRS it would be beneficial to include it also into the discovery burst. In this contribution we show performance results which confirm that the PSS/SSS/CRS based cell search can achieve appropriate performance level. Furthermore, the accuracy of the CRS based measurements was found to be better compared to the CSI-RS based measurements when considering single cell.

Even the CRS signal can be still modified to span only the center 6 PRBs in the burst unless wideband measurements are desirable. Another aspect is the length of the CRS signal. It might be beneficial that the CRS allocation spans a few subframes before and after the PSS and SSS. First allowing AGC settling and at the end allowing possible measurements. The CRS may also be used to verify the found cells by checking existence of CRS corresponding to cell ID obtained from PSS/SSS. Hence, in the cell search perspective alternative 3a seems to be the most preferred solution.
Observation 1: The CRS is needed in cell detection in addition to PSS/SSS for AGC and could also be utilized in verifying the cell ID.
In the current system the FDD and TDD frame structures can be identified based on the locations of the PSS/SSS. Similarly, a discovery burst can be detected by the UE if a specific offset is assigned between the PSS/SSS. This could be useful in that the UE may then tag the measurement reports such that the serving cell knows the current state of the measured cells. This separation also avoids legacy users detecting an OFF cell. However, having different PSS/SSS separation could affect the cell search performance and that should be taken into account is such feature is seen needed.
3 
Results

Cell Search from PSS/SSS/CRS
The requirement of a UE finding several neighbouring cells in addition to the best quality serving cell could be justified by the need of load balancing or load shifting in order to avoid turning OFF cells ON. This has been studied for example in [1]. It is concluded in [1] that the 2-3 dB RSRQ difference between the best and target serving cell is enough to capture the available load shifting gain. In [2], the number of detectable cells is evaluated and it is concluded that with 3-6 dB power window all relevant cells are detected with very high probability. Considering the findings in [1] and [2] the cell search performance is further studied in case where cell search is limited to maximum of 3 best quality cells whose path loss window is below 6 dB from the best cell.
In this paper, we provide some new cell search results. The simulated scenario is the small cell Scenario 2a assuming 1 cluster per macro cell consisting of 10 small cells as in the Appendix [4]. The simulations are made with a multi link simulator where each cluster is synchronous but there is no synchronicity between the clusters. First we show how many cells there are ideally within a 6dB path loss window relative to the best RSRP of the cluster for a UE. Figure 1 depicts information on presence of the number of cells within the path loss window. 
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Figure 1. Number of cells in the path loss window.

The figure show a probability that there is at least X cells within the search window. For 60 percent of UEs it is possible to have at least 2 cells inside the 6 dB path loss window. Similarly, for 30% of UEs it is possible to have at least 3 cells inside the 6 dB path loss window.
Observation 2: For 60% of UEs there exists at least 2 cells and for 30% of UEs 3 cells within 6dB path loss window relative to the best cell (ideal path loss).
Next we show the cell search results. In these simulations UE uses PSS and SSS to search cells, i.e. cell ID and timing, in each measurement gap. The found cells are further verified by checking existence of CRS, which will mainly reduce the false alarm probability. The targeted false alarm probability was << 1e-3 being relatively strict condition. The CRS is anyway assumed to be present because measurements are carried out from it. It was assumed that each 5ms gap contains legacy PSS, SSS and at least 2 subframes of CRS.

The cell search performance statistics is shown in Figure 2 in terms of required number of gaps to find the cells. The conditions for considering the cell search as completed is based on either the number of cells found is equal or greater than the number of cells in the path loss window or maximum number of gaps is consumed. The maximum is set to either 10 or 20. The left and right figure depict different loading of the small cell layer. In the left hand figure 50 % probability is assumed that a small cell is in OFF state. In the right figure, the off probability is 0 % and all cells transmit all the time. 
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Figure 2. Number of used gaps to find cells assuming 50 (left) or 0 (right) percent probability of OFF state on small cells.
Observing the statistics over all UE locations (at least 1 cell inside the window), it reveals that either 2 or 3 gaps are enough to achieve 90 % success rate of finding target number of cells. The network load impacts slightly to interference experienced by the PSS and SSS but more to the interference experienced by the CRS, since different vshifts are used. The 90 % success rate is the rate also required in [3] for cell identification requirements. The figures also include statistics for UEs that should see at least 2 cells inside the RSRP window. These cells are found after 3 or 9 gaps considering 90 % success rate. Similarly, for UE locations where at least 3 cells are inside the RSRP window 4 or 16 gaps are required. Hence it can be concluded that PSS/SSS/CRS is sufficient for small cell search.
Observation 3: Based on simulations the legacy PSS/SSS/CRS signals are sufficient for small cell search.
RSRP Measurement
In this section, the CRS and CSI-RS based RSRP measurements are compared. Comparison is made in terms of:

RSRP error = (estimated RSRP – ideal RSRP) 
[dB]
In these simulations, we assume that cell search is ideal in terms of cell ID and timing. The RSRP is calculated from each measurement gap based on RS which is either CRS or CSI-RS. We study two cases where CRS exists in 1 or 2 subframes in a gap and two CSI-RS cases. In first case the CSI-RS pattern is the legacy one and in a second case the density has been doubled in frequency. The measurements from gaps are further averaged over 5 gaps. In legacy system this would be equal to a sampling rate of 40ms with 200 ms measurement period. No L3 filtering is used.

The single link simulation results are shown in Table 1 in AWGN and EPA channels at signal to noise ratio of -6 dB. The depicted error Δ is the difference between 90th and 10th percentile of the RSRP error CDF. 
Table 1. RSRP measurement error.

	Measurement RS setup
	RSRP error Δ [dB] (EPA) 
	RSRP error Δ [dB] (AWGN)

	CRS, 1 subframe per gap
	2.9
	1.9

	CRS, 2 subframes per gap
	2.5
	1.7

	CSI-RS
	4.0
	2.4

	CSI-RS 2x density in frequency
	3.3
	2.2


It can be observed that accuracy of CRS is always superior when the simulations are performed against white noise. Increasing the amount of samples improves the performance of both schemes but CSI-RS cannot achieve the performance of CRS based solution.
Observation 4: The legacy CRS signal based RSRP measurement outperforms the CSI-RS based one in single link conditions.
Based on the discussion and our evaluation results we propose the following:
Proposal 1: In the cell search perspective alternative 3a (PSS/SSS/CRS) seems to be the most preferred solution.
Proposal 2: It might be beneficial that the CRS allocation spans a few subframes before and after the PSS/SSS.

3 
Conclusions

In this contribution we have discussed the discovery signal design with following observations and conclusions: 
Observation 1: The CRS is needed in cell detection in addition to PSS/SSS for AGC and could also be utilized in verifying the cell ID.
Observation 2: For 60% of UEs there exists at least 2 cells and for 30% of UEs 3 cells within 6dB path loss window relative to the best cell (ideal path loss).
Observation 3: Based on simulations the legacy PSS/SSS/CRS signals are sufficient for small cell search.
Observation 4: The legacy CRS signal based RSRP measurement outperforms the CSI-RS based one in single link conditions.
Proposal 1: In the cell search perspective alternative 3a (PSS/SSS/CRS) seems to be the most preferred solution.
Proposal 2: It might be beneficial that the CRS allocation spans a few subframes before and after the PSS/SSS.
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Appendix. Simulation assumptions (Small cell scenario 2a)
	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
Both 19 Macro sites and 7 Macro sites can be used. Companies should indicate whether 19 or 7 sites are used when presenting the results.
	1 Cluster uniform random dropping within macro geographical area; 10 small cells uniform random dropping within cluster area

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm 

	Distance-dependent path loss and shadowing
	ITU UMa
	ITU Umi 

	Fast fading 
	AWGN or EPA

	Antenna configuration
	1T x 2Rx

	UE dropping
	100 % UEs randomly and uniformly dropped within the clusters, 20% UEs are outdoor and 80% UEs are indoor.

	loading
	50 % or 0% probability of OFF state for small cells

	Network synchronization
	Synchronized clusters, no synchronization between clusters

	Measurement gap
	5 ms gap every 40 ms period

	Cell ID & CRS configuration
	Different vshifts used.

	UE receiver
	Cell search bandwidth: 6 PRB

RSRP Measurement bandwidth: 6 PRB

RSRP L1 filter length: 200 ms

RSRP L3 filter: OFF


