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1.  Introduction
The evaluation of RRM side condition for SCE was initiated on RAN4#71AH in June, since the introduction of DRS might have a potential impact on the existing requirements of the measurement accuracy. The simulation assumption [1] was agreed and simulation results based on this simulation assumption were presented on RAN4#72. Extensive discussion [5~13] was taken place and below agreements in [4] was made.
· Baseline of side conditions for CRS based and CSI-RS based measurements:
· Option 1: Es/Iot = [-6dB] on CRS REs for CRS based measurement and Es/Iot = [-2]dB 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 based measurement
· In the next meeting, the interested companies are encouraged to provide the system simulation results to confirm the values in Option 1 and Option 2.
In order to well align the system-level simulation results, the related parameters and methodology in the assumption [2] were clarified and approved on RAN4#72 in August. According to the details mentioned above, the simulation was performed and the results were provided in this contribution to further facilitate determining the side conditions for RRM measurement.
2. Discussion
The small cell enhancements scenario 2a is simulated based on the simulation assumptions [2] and [3]. The small cells are deployed in the presence of an overlaid macro network in which small cells are deployed with 3.5GHz carrier frequency, while the macro cells are deployed with 2.0GHz carrier frequency. The dense scenario contains 10 LPNs per cluster and 1 cluster per macro geographical area, while the sparse scenario consists of 4 LPNs per cluster and 1 cluster per macro geographical area. Cell selection criterion is RSRP and no bias is applied. Only if the UE observed that the span between the first three strongest RSRP is less than 6dB, they will be logged as the cell-edge UE. In the simulation, loading presents the probability of PDSCH collision with the specified reference signal CRS/CSI-RS, which is reflected as the OFF and ON state of small cells.
For CRS, the following formula [2] is referred.
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PCI configurations are randomly distributed in TP/Cells. Pinter1 is the received power of the interfering cell whose CRS collides with that of the target cell. In the simulation, if the interfering cells’ PCI mod 6 is equal to the target cell’s PCI mod 6, then they will be regarded as the cell, namely inter1 which has CRS collision with the target cell. If the interfering cells’ PCI mod 6 is not the same as the target cell’s PCI mod 6, then they will be regarded as inter2. 
For CSI-RS, the following formula [2] is referred.
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CSI-RS configurations are randomly distributed in TP/Cells. Pinter is the received power of the interfering cells associated with different clusters from the target cells. For 4 LPNs/cluster deployments, 3 LPNs’ interference is muted. For 10 LPNs/cluster deployments, 9 LPNs’ interference is muted because they’re located in the same cluster as the target cell.
The following figures 1~8 show the SINR-CDF curves for the top 3 strongest cells for deployment of 4LPNs (sparse) and 10LPNs (dense) per macro cell area respectively.
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Figure 1 Geometry of 1st strongest cell for 4LPNs per macro cell
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Figure 2 Geometry of 2nd strongest cell for 4LPNs per macro cell
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Figure 3 Geometry of 3rd strongest cell for 4LPNs per macro cell
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Figure 4 Geometry of 1st strongest cell for 10LPNs per macro cell
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Figure 5 Geometry of 2nd strongest cell for 10LPNs per macro cell
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Figure 6 Geometry of 3rd strongest cell for 10LPNs per macro cell
Table 1 and Table 2 provide the 5%-ile of SINR with different loading and configuration parameters for 4LPNs and 10LPNs per macro area respectively. 
Table 1: SINR of 5-percentile for 4LPNs scenario
	SINR (dB)
	CRS
	CSI-RS w/o muting
	CSI-RS w/ muting

	1st strongest
	100% load
	-2.84 
	-2.84 
	-1.52 

	
	50% load
	-0.20 
	0.10 
	1.35 

	2nd strongest
	100% load
	-6.28 
	-6.28 
	-4.99 

	
	50% load
	-3.50 
	-3.31 
	-2.11 

	3rd strongest
	100% load
	-8.40 
	-8.40 
	-5.41 

	
	50% load
	-6.98 
	-7.58 
	-4.64 


Table 2: SINR of 5-percentile for 10LPNs scenario
	SINR (dB)
	CRS
	CSI-RS w/o muting
	CSI-RS w/ muting

	1st strongest
	100% load
	-4.11 
	-4.11 
	-1.78 

	
	50% load
	-1.73 
	-1.12 
	1.17 

	2nd strongest
	100% load
	-6.94 
	-6.94 
	-4.78 

	
	50% load
	-4.57 
	-3.94 
	-1.79 

	3rd strongest
	100% load
	-8.81 
	-8.81 
	-7.28 

	
	50% load
	-7.43 
	-5.81 
	-4.29 


It can be seen that SINR level is depended on several factors, such as deployment scenario, loading, CSI-muting etc. It’s not that reasonable to define a value just based on a specific configuration. In order to specify a general requirement, trade-offs between these factors should be considered. 
As the SINR level statistic is for UEs that signal power from top three LPNs are within 6dB, which considered the UE are the edge UE of these top three LPNS, it would be better for the UE to be able to measure the top three LPNs. That means SINR side conditions need to be determined based on the SINR level of the 3rd strongest cells. However it can be seen from Table 1 and Table 2 the SINR level for the 3rd strongest cells are quite low, which is -7.43dB for CRS based measurement and -4.29 for CSI-RS based measurement for 10LPN scenario. 
For CRS based measurement the legacy side conditions is Es/Iot = -6dB. In our view this can be reused as at least 2 strongest cells can be measured under such condition.
For CSI-RS based measurement, if also considering to measure 2 strongest cells, it can be seen from Table 1 and Table 2 Es/Iot = -2dB can be set as the side condition.
Based on above results and analysis, following proposal is given.
Proposal 1: Es/Iot = [-6dB] on CRS REs for CRS based measurement and Es/Iot = [-2]dB on CSI-RS REs for CSI-RS based measurement
3. Conclusions
In the contribution, system-level simulation is performed and simulation results are provided in order to help evaluating the side condition requirements. Only cell-edge UEs are displayed in the SINR curves and the 5-percentile statistics of that is presented for CRS and CSI-RS with/without muting respectively. Taking the simulation results into consideration, the following observation/proposals are given.
Proposal 1: Es/Iot = [-6dB] on CRS REs for CRS based measurement and Es/Iot = [-2]dB on CSI-RS REs for CSI-RS based measurement
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5. Appendix
5.1 Simulation assumptions
Table 5.1 summarizes the parameters to be used for system level evaluation. 
Table 5.1 Assumptions for system level evaluation
	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 to LPN
	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/Hot zone 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
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