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1. Introduction
At the RAN4#71 RRM ad-hoc meeting, the RRM core requirements and performance requirements for Rel. 12 small cell discovery were discussed, and evaluation assumptions were agreed [1-3]. In addition, at the RAN4#72 meeting, additional assumptions and further clarification of methodology were agreed [4-6].
In this contribution, we show our evaluation results based on the agreed system level simulation assumption to investigate proper SINR operating points for PSS/SSS, CRS and CSI-RS, respectively. According to the evaluation results, we present our views on the side conditions for CRS-based and CSI-RS-based cell/TP identification and measurement.

2. Evaluation assumptions
Table I shows the system level simulation assumption agreed in [1].

Table I. System Level Simulation Assumptions

	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 2a according to 36.872: Outdoor small cell deployment, with small cells deployed in the presence of an overlaid macro network. Separate frequency deployment of the macro cell and small cells. Cluster deployment model should be referred. (LPNs are randomly dropped within 50 m radius cluster)

	Number of macro sites
	7

	Number of sectors per macro site
	3

	ISD
	500 m

	Number of LPNs per macro cell
	Sparse  scenario
	4

	
	Dense scenario
	10

	Number of UEs
	40

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

	LPN TX power
	1 w

	System BW
	10 MHz

	Carrier frequency of small cells
	f1=3.5 GHz

	Carrier frequency of macro cells
	f2 ≠ f1

	Minimum distance UE to LPN
	5 m

	Minimum distance LPN toLPN
	20 m

	LPN antenna gain
	5 dBi

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Network synchronization
	Synchronized

	Antenna height
	10m for LPN/Hotzone Node

	Pathloss model
	ITU UMi  (Carrier Frequency : 3.5GHz, 3D distance) 
UMi penetration, pathloss, and shadowing generation methodology is used for LPN to UE

	Load per LPN
	50% and 100%

	CSI-RS muting pattern
	Muting within a cluster and no muting within cluster


Furthermore, followings are the agreed methodology to obtain the side conditions [5].

· The first three strongest cells observed by UE will be logged on condition that the span of the powers between the strongest and the weakest cells is within [6dB];

· Find out the 5% SINR of the three strongest cells;

· Es,i/Iot will be logged during the simulation, where Es,i is the power from i-th Cell/TP;

· Muting within the cluster for CSI-RS, i.e., 
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where Pinter is the received power of the interfering cells associated with the different clusters from the target cells.

· Use CRS shifts, i.e.,
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where Ptarget means the received power of the target cell, Pinter1 is the received power of the interfering cell whose CRS collides with that of the target cell, while Pinter2 is the received power of the interfering cell whose CRS does not collide with that of the target cell.

· PCI and CSI-RS configurations:

· The CSI-RS configurations in the TPs/Cells, which are not in the cluster of serving TP/Cell, will be randomly selected during the simulation; 

· The PCI configurations in the Cells, which are not in the cluster of the serving Cells, will be randomly selected during the simulation.

· The dense cell scenario with 1 Macro + 10 Pico will be assume;

· The loading of neighbour cells used for system simulation: 

· 50%
3. Evaluation results

The CDF curves for SINR of CRS RE in dense deployment and that in sparse deployment are show in Fig. 1 and Fig. 2, respectively. In addition, the CDF curves for SINR of CSI-RS RE in dense deployment and that in sparse deployment are also show in Fig. 3 and Fig. 4, respectively. As a summary of evaluation results, Table II shows 5%ile SINR values of top three cells within 6 dB RSRP gap.
Table II. 5%ile SINR Values of Top Three Cells within 6 dB RSRP Gap
	
	Dense, 100% load
	Sparse, 100% load
	Dense, 50% load
	Sparse, 50% load

	CRS REs
	-7.7 dB
	-6.6 dB
	-6.1 dB
	-5.2 dB

	CSI-RS REs
	-1.9 dB
	-4.4 dB
	1.1 dB
	-1.5 dB


According to the agreed methodology described in Section 2, we can derive following side condition values for CRS and CSI-RS, respectively.

· For CRS REs, the target SINR operating point is -6.1 dB.

· For CSI-RS REs, the target SINR operating point is 1.1 dB.

In addition, we have following two baseline options [4].

· Option 1: Es/Iot = [-6dB] on CRS REs for CRS based measurement and Es/Iot = [-2dB] on CSI-RS REs for CSI-RS based measurement

· Option 2: Es/Iot = [-6dB] on CRS REs for CRS based measurement and Es/Iot = [0dB] for CSI-RS REs for CSI-RS based measurement

According to the evaluation results, Option 2 should be applied. Although we observed 1.1 dB SINR for CSI-RS REs, 0 dB SINR seems reasonable considering the various deployment scenarios and implementation margin.
In the synchronized network, since PSS/SSS of all cells/TPs collide with each other, SINR of PSS/SSS REs is described as follows.


[image: image3.wmf]å

å

+

+

=

N

P

P

P

SINR

er

er

et

t

SS

2

int

1

int

arg


Hence, the SINR of PSS/SSS REs is the same as that of CRS REs in case of 100% load, i.e., for PSS/SSS REs, the target SINR operating point is -7.7 dB. However, in the current specification, the side condition for CRS, i.e., -6 dB SINR, is also applied for PSS/SSS. We can reuse this approach for the DRS-based measurement.
Proposal 1: For CRS-based small cell measurement, the current side condition requirement, i.e., -6 dB SINR, should be reused.

Proposal 2: For CSI-RS-based small cell measurement, the relaxed side condition, i.e., 0 dB SINR, should be applied in the requirement.
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Figure 1 – CDF curves for SINR of CRS RE in dense deployment

[image: image5.emf]-10 -5 0 5 10 15 20 25 30 35 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CRS, load 100%, sparse

SINR [dB]

CDF

1st RSRP cell

2nd RSRP cell (within 6 dB gap)

3rd RSRP cell (within 6 dB gap)

Top 3 cells (within 6 dB gap)

-10 -5 0 5 10 15 20 25 30 35 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CRS, load 50%, sparse

SINR [dB]

CDF

1st RSRP cell

2nd RSRP cell (within 6 dB gap)

3rd RSRP cell (within 6 dB gap)

Top 3 cells (within 6 dB gap)


Figure 2 – CDF curves for SINR of CRS RE in sparse deployment
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Figure 3 – CDF curves for SINR of CSI-RS RE in dense deployment
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Figure 4 – CDF curves for SINR of CSI-RS RE in sparse deployment

4. Conclusion
In this contribution, we showed our evaluation results based on the agreed system level simulation assumption to investigate proper SINR operating points for CRS and CSI-RS, respectively. According to the evaluation results, we presented our views on the side conditions for CRS-based and CSI-RS-based cell/TP identification and measurement. Our proposed side condition values are reflected in the link-level evaluations on cell/TP identification and RSRP measurement shown in our companion contributions [7-8].
Proposal 1: For CRS-based small cell measurement, the current side condition requirement, i.e., -6 dB SINR, should be reused.

Proposal 2: For CSI-RS-based small cell measurement, the relaxed side condition, i.e., 0 dB SINR, should be applied in the requirement.
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