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1. Introduction
In RAN1#76bis, the following agreements were reached on discovery signal design:

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
Since a cell can be identified in principle by using PSS and SSS which have already been agreed to be included within the discovery signal burst, one main issue related to the downselection of RS for discovery is RRM measurement performance. In this contribution we provide our simulation results on the RSRP measurement performance using either CRS or CSI-RS. Note that we have earlier shown that cell identification performance using PSS/SSS/CRS is sufficient also in small cell scenarios [1]. Furthermore, based on the results shown in this contribution as well as in [1], we have provided our view on the discovery signal design details in [2].
2. RSRP measurement performance
We simulated RSRP measurement performance in an extended link simulation setup. From a system-level simulator, we obtained an interference profile for small cell scenario 2a with one cluster per macro sector and 10 cells per cluster. 10000 UEs within a small cell cluster were observed and 10 dominant interferers were recorded while the rest of the interference as well as thermal noise were included in a single interference and noise term. These UE drops were individually plugged in an extended link simulator which was used to simulate the RSRP measurement performance for top three cells within a RSRP gap of X={6,9} dB.
We used either CRS or CSI-RS for RSRP measurements, and RSRP measurement samples were taken over a 6 PRB bandwidth during a 200 ms period, from which 5 samples (one subframe each) were averaged to get the end result. We simulated CRS without muting as well as with muting of PDSCH within the CRS OFDM symbols. Also we simulated CSI-RS with and without muting in the CSI-RS symbols. All cells within the cluster were configured with a different CSI-RS configuration. In case of CSI-RS muting, all cells within the cluster applied muting on the same RE locations; hence the only interference on CSI-RS was essentially the out-of-cluster interference and noise (perfect muting within the cluster). Detailed assumptions are listed in Appendix A.

For CRS-based measurement, we show the results for different RSRP gaps in Figure 1 and Figure 2. For CSI-RS –based measurement, results are shown in Figure 3 and Figure 4. Since the simulations were done with a full buffer traffic assumption, the results without any kind of muting are obviously worse than with muting. Still, the RSRP of the strongest cell can always be accurately measured, which could be argued to be enough at least in most cases. Obviously, CSI-RS with practically perfect muting perform very well as the SNRs in the simulated small cell scenario tend to be very high. However, even with CRS very good measurement is obtained if muting of PDSCH on the CRS OFDM symbols is done.
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Figure 1. Performance of CRS-based measurement at full load without muting in scenario 2a, RSRP gap is equal to 6 dB (left) or 9 dB (right).
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Figure 2. Performance of CRS-based measurement at full load with muting in scenario 2a, RSRP gap is equal to 6 dB (left) or 9 dB (right).
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Figure 3. Performance of CSI-RS -based measurement at full load without muting in scenario 2a, RSRP gap is equal to 6 dB (left) or 9 dB (right).
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Figure 4. Performance of CSI-RS -based measurement at full load with muting in scenario 2a, RSRP gap is equal to 6 dB (left) or 9 dB (right).
It is noted that the results without muting provide important insight to the measurement performance in a network that is not synchronized with microsecond level accuracy to enable Tx-side muting. In this case, CRS have a clear advantage in terms of measurement performance. It is also noted that performance similar to the RE muting case can be assumed to be obtained at very low PDSCH loads which is the typical case in small cell scenarios.
3. Conclusion
In this contribution, we provided our results on the RRM measurement performance using CRS and CSI-RS, either with or without RE muting at the transmitter side. We make the following observations based on the results:

Observations:

· With muting, sufficient RSRP measurement performance is obtained in SCE scenario 2a for top three cells with either CRS or CSI-RS.

· Without muting, good RSRP measurement performance is obtained in SCE scenario 2a for the strongest cell with either CRS or CSI-RS.
· With CRS, also 2nd and 3rd cell can be reasonably well measured.
· With CSI-RS, there is a clear performance degradation for 2nd and 3rd cells due to inter-cell interference.
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Appendix A – Extended link simulation assumptions
	Parameter
	Value

	Antenna configuration
	2x2

	Channel model 
	EPA, 3 km/h

	Carrier frequency
	3.5 GHz

	System bandwidth
	6 PRBs

	Interference model
	10 cells modelled explicitly, other cells and thermal noise modelled as AWGN
Full buffer traffic in all cells

	RSRP measurement samples
	5 samples within 200 ms period

	Muting pattern
	· CRS-based: Reuse factor 3 according to PCI

· CSI-RS -based: Reuse factor 10

	PCI allocation
	10 cells within a cluster occupying a continuous range of 10 PCIs

	RSRP gap
	{6,9} dB

	Frequency offset
	Uniformly distributed ±350 Hz

	Time offset
	Uniformly distributed ±3 µs + propagation delay

	Simulation length
	10000 UE drops



