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1 Introduction

In RAN1#76bis, the following agreements were made with regards to small cell discovery. 
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
In this contribution, we provide evaluation results for CSI-RS based discovery reference signal (DRS).
2 Cell/TP detection performance of CSI-RS based DRS

The cell/TP detection performance for CSI-RS based DRS has been well studied in the SI phase. CSI-RS has been shown to provide excellent cell detection capability as it can be configured to be relatively free from inter-cell interference (see e.g. [3]
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[4]

 REF _Ref367706577 \n \h 
[5]
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[6][13]
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[14][16]), thanks to muting and high reuse factor that improves SINR operating point while allowing a large number of cells’ DRS to be multiplexed (e.g. even without utilization OCC, up to 20 cells can be multiplexed in a subframe, assuming single CSI-RS antenna port for DRS). 

A summary of cell/TP detection performance of CSI-RS based DRS from the TR [2] is given in Table 1 for Scenario 2a dense deployment of 10 small cells per cluster by taking an average of available results from companies. Clearly, at least three cells can be comfortably detected with very high reliability. On the other hand, it is highly questionable if CRS can provide reliable cell detection performance due to the lack of muting support and the lack of high reuse factor, resulting in high inter-cell interference. It is shown e.g. in [12] cell detection probability if CRS (no muting) is the DRS is <80% in a high load situation. A similar observation has also been made in [13]

 REF _Ref387143400 \n \h 
[14].
Table 1 Detection probability performance of CSI-RS based DRS for the top three small cells in scenario 2a,
 dense deployment (1 cluster/macro, 10 small cells/cluster)
	Number of 
Measurement samples 
for  CSI-RS
	Detection probability

	
	1st cell
	2nd cell
	3rd cell

	1 sample (average over 4 companies’ results)
	0.993
	0.985
	0.973

	3 samples (1 company)
	0.98
	0.97
	0.96

	4 samples (1 company)
	1.00
	1.00
	0.99

	5 samples (1 company)
	0.98
	0.98
	0.97


Observation 1: CSI-RS can provide excellent cell/TP detection performance thanks to muting and high reuse factor.
3 RSRP performance of CSI-RS based DRS


After a cell/TP is detected, CSI-RS based DRS is measured by the UE for RSRP/RSRQ. CSI-RS has also been shown in the past to be able to satisfy RAN4 performance requirement on RSRP [7] and is confirmed again recently e.g. in [8][13]

 REF _Ref387144161 \n \h 
[15][16]. 

Define CSI-RSRP error as estimated RSRP – ideal RSRP. We provide the evaluation result of CSI-RSRP, in particular the CSI-RSRP error distribution covering 90% of the reported values (between 5th percentile and 95th percentile of CSI-RSRP errors) for AWGN, EPA5Hz and ETU70Hz channels. The CSI-RS periodicity is assumed to be 40ms and the number of measurement samples is 5. The results for 6RB measurement bandwidth and 50RB measurement bandwidth are shown for SNR of -3dB and -6dB in Table 2. The absolute RSRP accuracy is clearly well within the 6dB requirement set by RAN4 [9]. To ensure sufficient measurement accuracy, the measurement bandwidth can be specified to be at least 5MHz which is reasonable since small cell bandwidth < 5MHz is not expected to be common or deployed.
Table 2: 5%~95% CSI-RSRP error (dB) distribution with 6RB and 50RB
	Fading channel
	SNR= -3dB
	SNR= -6dB

	
	Measurement BW
	Measurement BW

	
	6RB
	50RB
	6RB
	50RB

	AWGN
	-0.4~2.6
	-0.1~1.1
	0.4~3.6
	-0.1~1.5

	EPA5Hz
	-1.6~2.9
	-0.6~0.7
	-1.4~3.7
	-0.8~1.1

	ETU70Hz
	-1.6~1.6
	-1.5~0.1
	-1~2.8
	-1.5~0.5



Due to the  high inter-cell interference from dense small cells deployment, CRS based RSRP can actually suffer from larger error as has been observed e.g. in [13]
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[15]. Figure 1 illustrates the geometry of CSI-RS of the small cell layers with 10 small cells per cluster (black dash) compared to the other signals (including CRS) of the small cell layer (blue solid). The significantly higher geometry of CSI-RS compared to that of CRS explains why CSI-RS can produce more accurate RSRP than that of CRS despite the lower RE density.
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Figure 1: Geometry of CSI-RS compared to other signals
Observation 2: CSI-RS based DRS can meet RAN4 performance requirement on RSRP. If necessary, the measurement bandwidth can be specified to be at least 5MHz.

4 Conclusions
Based on the evaluation results for CSI-RS based DRS, we arrive at the following observations:

Observation 1: CSI-RS can provide excellent cell/TP detection performance thanks to muting and high reuse factor.
Observation 2: CSI-RS based DRS can meet RAN4 performance requirement on RSRP. If necessary, the measurement bandwidth can be specified to be at least 5MHz.
References

[1] RP-132073
New WI proposal: Small cell enhancements - Physical layer aspects
[2] TR 36.872 V12.1.0
[3] R1-133828
Discussion on small cell discovery, 
Samsung
[4] R1-132892
Potential enhancements for small cell discovery,
Huawei, HiSilicon

[5] R1-133291
Performance evaluation for small cell discovery using new schemes based on CSI-RS and PRS,
MediaTek Inc.

[6] R1-133457
Small Cell Discovery for Efficient Small Cell On/Off Operation,
NTT DOCOMO
[7] R1-123922
Discussion on LS response on CSI-RS based measurement for CoMP from RAN4,
Samsung
[8] R1-135036
Discovery and measurement enhancements,
Huawei, HiSilicon

[9] TS 36.133 V12.2.0 Requirements for support of radio resource management
[10] R2-131897, [81bis#17][LTE/Het-Net] Inter-frequency measurements, Nokia.

[11] R1-140369
Discovery signal requirements for small cells,
Samsung.


[12] R1-134449
Performance Evaluation on New Small Cell Discovery Mechanisms based on CRS plus RE muting
, MediaTek

[13] R1-141466
Views on discovery signal design for Rel. 12 discovery procedure,
NTT DOCOMO

[14] R1-141155
Simulation results for small cell discovery signal candidates,
Intel Corporation

[15] R1-141124
Reference signals for enhanced cell discovery,
Huawei, HiSilicon

[16] R1-141486
Performance evaluation of small cell discovery signal designs,
MediaTek Inc.
Page 2

