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1 Introduction
In the last meeting, the requirement for small cell enhancement was discussed. In order to finalize the core requirements for this item, the link level simulation (LLS) on cell/TP detection and RSRP/RSRQ measurement was needed. However, so far the side condition of SCE LLS was not settled, and therefore system level simulation (SLS) was prioritized in last meeting to settle the side condition for corresponding LLS. The assumption of SLS was approved in [1]. In this contribution we discuss the detailed scenarios and provided the SLS results to decide the side condition for SCE requirements.
2 Assumptions discussion
The parameters for SLS were summarized in the table in [1],
Table 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 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


The assumption in TR36.872 for scenario 2a has some detailed definitions on the number of clusters and the number of small cells per cluster, which is show in following table;

Table 2 Additional assumptions for system level evaluation
	Number of clusters/buildings per macro cell geographical area
	1, 2, optional of 4

	Number of small cells per cluster
	4, 10


Here the typical configurations are considered, and therefore the deployments adopted in the SLS can be summarized as,

Deployment 1: 1 cluster per macro cell + 4 small cells per cluster

Deployment 2: 1 cluster per macro cell + 10 small cells per cluster

Deployment 3: 2 cluster per macro cell + 4 small cells per cluster

Deployment 4: 2 cluster per macro cell + 10 small cells per cluster

Furthermore, to CRS and CSI-RS respectively, the assumptions shall be further analyzed and SLS can be performed in different cases.
· CRS side condition SLS

In the table 1, the load per LPN is regarded to two cases: 50% and 100%, and the small cells in identical macro coverage could be considered as ‘sharing same PCI’ or ‘owning distinct PCIs’. Sharing same PCI means small cells in identical macro cell have same physical cell ID and have same CRS (same RE position and sequence), while ‘owning distinct PCIs’ means PCIs are randomly assigned to the small cells in identical macro coverage. However the PCIs between different macro cells depend on the PCI planning for macro network, which may be different among different macro coverages.
Thus the cases for CRS side condition SLS can be summarized as,

CRS case 1: 50% load + small cells in same macro cell sharing same PCI 

CRS case 2: 50% load + small cells in same macro cell owning distinct PCIs 

CRS case 3: 100% load + small cells in same macro cell sharing same PCI 

CRS case 4: 100% load + small cells in same macro cell owning distinct PCIs 
· CSI-RS side condition SLS

Similarly as CRS, the load condition of 50% and 100% shall be taken into account. In table 1, both muting within a cluster and no muting within cluster shall be considered. However, although the CSI-RS configuration of each small cell in identical cluster is different, the CSI-RS configuration between different clusters was not explicitly assumed in the last meeting. There are two possibilities for simulation in our understanding, 
Possibility 1: different clusters have different CSI-RS configuration sets, that is, small cells in different cluster will never collide with each other in the simulation.
Possibility 2: different clusters have same CSI-RS configuration sets, that is, small cells in different cluster will collide with each other in the simulation. For example, 4 small cells in cluster i adopt  the CSI-RS configuration 1/2/3/4, and 4 small cells in another cluster j also adopt the CSI-RS configuration 1/2/3/4.

Thus, here we may have all CSI-RS simulation cases as,

1) 50% load + different clusters have different CSI-RS configuration sets + muting within a cluster
2) 50% load + different clusters have different CSI-RS configuration sets + no muting within a cluster
3) 50% load + different clusters have same CSI-RS configuration sets + muting within a cluster
4) 50% load + different clusters have same CSI-RS configuration sets + no muting within a cluster
5) 100% load + different clusters have different CSI-RS configuration sets + muting within a cluster
6) 100% load + different clusters have different CSI-RS configuration sets + no muting within a cluster
7) 100% load + different clusters have same CSI-RS configuration sets + muting within a cluster
8) 100% load + different clusters have same CSI-RS configuration sets + no muting within a cluster
In order to simplify the SLS but keep all the information we need, we can merge some cases. For example, 6) and 8) have the same interference condition from serving cluster and neighbour clusters, and so does 3) and 7). So eventually the cases for CSI-RS simulation could be concluded as,
CSI-RS case 1: 50% load + different clusters have different CSI-RS configuration sets + muting within a cluster
CSI-RS case 2: 50% load + different clusters have different CSI-RS configuration sets + no muting within a cluster
CSI-RS case 3: 50%/100% load + different clusters have same CSI-RS configuration sets + muting within a cluster
CSI-RS case 4: 50% load + different clusters have same CSI-RS configuration sets + no muting within a cluster
CSI-RS case 5: 100% load + different clusters have different CSI-RS configuration sets + muting within a cluster
CSI-RS case 6: 100% load + different clusters have same/different CSI-RS configuration sets + no muting within a cluster
3 Simulation results and analysis
The graphs for SLS results are attached in the Annex A. The following table is the summary of all simulation results.
Table 3. SLS simulation results summary
	5%-tile SINR (dB)
	Deployment 1
	Deployment 2
	Deployment 3
	Deployment 4

	CRS side condition 
	Identical PCI 
	Case 1
	4.26
	8.73
	3.39
	4.83

	
	Distinct PCI
	Case 2
	0.05
	-1.53
	-0.81
	-2.40

	
	Identical PCI 
	Case 3
	1.51
	5.73
	0.37
	1.62

	
	Distinct PCI
	Case 4
	-1.45
	-2.97
	-2.31
	-3.91

	CSI-RS side condition
	Muting
	Case 1
	3.51
	6.59
	1.73
	1.58

	
	Non-muting
	Case 2
	1.43
	-0.09
	0.46
	-0.98

	
	Muting
	Case 3
	6.31
	16.23
	3.49
	8.57

	
	Non-muting
	Case 4
	1.11
	-0.14
	-0.10
	-1.24

	
	Muting
	Case 5
	0.76
	3.45
	-1.15
	-1.46

	
	Non-muting
	Case 6
	-1.49
	-3.11
	-2.49
	-4.08


From the simulation results, some observations can be obtained,
Observation 1:  The worst case of CRS SINR is seen by using distinct PCI among TPs in each macro cell and adopting deployment 4, which has bottomed out to-3.91dB.

Observation 2: To CSI-RS side condition, the worse SINR is seen in non-muting case for each deployment of the same loading.
Observation 3: The lowest CSI-RS SINR in muting case is -1.46dB in case of ‘100% load + different clusters have different CSI-RS configuration sets’.
Based on the observations above, the CRS and CSI-RS can get higher SINR side condition than R8 in simulation. To CSI-RS, as discussed in CoMP item, muting strategy is a typical application for CSI-RS interference control, and therefore we choose the SINR under muting case for settling side condition.

Regarding the implementation and simulation margin in addition, we propose:

Proposal: the side condition of CRS and CSI-RS in SCE can be settled as: -4dB and -2dB, respectively.
The requirements of SCE shall be picked from the candidates from LLS by considering the side conditions in this paper. 

4 Conclusion
In this contribution, we discuss the detailed scenarios and provided the SLS results to decide the side condition for SCE requirements. The proposal is:
Proposal: the side condition of CRS and CSI-RS in SCE can be settled as: -4dB and -2dB, respectively.
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Annex A

	Side condition
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	Deployment 1
	[image: image1.png]CDF

09

08

07

06

05

04

03

02

01

1 cluster per macro cell, 4 small cells per cluster

0 [ 10 il Ell [l
SINR(E)

50 60




	[image: image2.png]CDF

1 cluster per macro cell, 4 small cells per cluster

o %
-0 [ 10 il Ell [l 50 60
SINR(E)





	Deployment 2
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	Deployment 3
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	Deployment 4
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