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Discussion
1. Introduction
The SI on small cell enhancement (SCE) in [1] includes the following objective: 
· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

In RAN1 #72, it was agreed that
· The small cells of a cluster are denser than scenarios considered for Rel-10 eICIC, Rel-11 FeICIC/CoMP.
In this contribution we provide some initial analysis on interference management for SCE in scenarios #1 and #2a.
2. Inter-cell interference in dense small cell deployments
In dense small cell deployments, the inter-cell interference in small cell clusters can become very strong due to there being more and nearer neighbouring cells. Moreover in SCE scenario #1 with dense small cell deployment, the macro and small cells share the same carrier frequency and consequently the inter-cell interference in SCE scenario #1 would become more serious due to additional inter-cell interference from small cells to the macro-cell. The geometry distributions in SCE scenarios #1 and #2a are given in Fig. 1. The simulation assumptions are provided in Table 1 in the Annex. 
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Fig. 1 Geometry distributions in scenarios #1 and #2a
As shown in Fig. 1, the geometry distribution is degraded as the number of small cell nodes in each cluster increases. This suggests that the inter-cell interference among small cell can be severe in the case of dense small cell deployment. 

Observation 1: In dense small cell deployments, the long-term SINR of the small cell UEs would be gradually degraded with the increase of number of small cell nodes due to increasing inter-cell interference.
Fig. 2 provides the UE associations in SCE scenarios #1 and #2a, where RSRP is utilized for intra-frequency cell selection and RSRQ is employed for inter-frequency cell selection. As shown in Fig. 2, it is reasonable in scenario #1 with co-channel deployment that more UEs would be served by small cells when the number of small cells is increased. However, in scenario #2a with non-co-channel deployment, the total number of UEs served by small cells might be reduced with the increase of small cells if RSRQ is used for inter-frequency cell selection and fixed bias is set for cell range expansion. 
Proposal 1: Improvement of cell selection should be considered for dense small cell scenarios.
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Fig. 2 Macro-cell UE and small-cell UE associations in scenarios #1 and #2a
3. Downlink transmission power adjustment in small cell enhancement
As shown in Fig. 1 and Fig. 2, the SINR distribution of all UEs would be degraded by the dense small cell deployment while the increase in the number of small-cell UEs would be limited by the coverage of total small cells. In order to reduce the inter-cell interference among small cells and improve the SINR of small-cell UEs, we consider semi-static downlink transmission power setting for the small cell nodes. The transmission power of the small cells is set between 20dBm and 30dBm. The comparison between fixed transmission power and optimized transmission power per small cell in scenario #1 is shown in Fig. 3, where the transmission power is 30dBm in the case of fixed transmission power. It can be observed that the long-term SINR distribution of all UEs can be significantly improved especially for dense small cell deployments. 
Proposal 2: Due to the strong inter-cell interference in dense small cell deployments, it is recommended to set semi-statically the maximum power spectral density for each cell.
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Fig. 3 Transmission power adjustment in scenario #1
For the PDSCH and EPDCCH, additional per-UE power adjustment may of course be performed on top of the semi-static power setting. 
4. Summary

In this contribution, we consider interference management in small cell enhancement, and give the following observation and proposals:
Observation 1: In dense small cell deployments, the long-term SINR of the small cell UEs would be gradually degraded with the increase of number of small cell nodes due to increasing inter-cell interference.
Proposal 1: Improvement of cell selection should be considered for dense small cell scenarios.
Proposal 2: Due to the strong inter-cell interference in dense small cell deployments, it is recommended to set semi-statically the maximum power spectral density for each cell. 
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Annex 

Table 1 Simulation assumptions for SCE scenario #1 and scenario #2a evaluations

	Parameter
	Values used for evaluation

	Deployment scenarios
	SCE Scenario #1 and Scenario #2a 

	Layout
	· Macro cell: hexagonal grid, 7 Macro sites and 3 sectors per site. 

· Small cell: clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10 MHz 

	Carrier frequency
	· Macro cell: 2GHz

· Small cell: 2GHz or 3.5GHz

	Carrier number 
	1 or 2

	Distance-dependent path loss
	· ITU UMa for macro cell and ITU UMi for small cell.

· 3D distance between an eNB and a UE applied

	Penetration
	· Outdoor UEs: 0dB

· Indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU UMa for macro cell and ITU UMi for small cell

	Antenna pattern
	· Macro cell: 3D,  referring to TR36.819
· Small cell: 2D Omni-directional

	Antenna Height
	25m for macro cell and 10m for small cell

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi for macro cell and 5dBi for small cell

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa for macro cell and ITU UMi for small cell

	Antenna configuration
	2Tx, 2Rx, cross-polarized

	Number of cluster per macro cell geographical area
	2

	Number of small cells per cluster
	4 or 10

	Number of UEs per cell
	60 UEs per macro cell geographical area

	UE dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m

	Radius for UE dropping in a cluster
	70m

	Total BS Tx power (Ptotal per carrier)
	· Macro cell: 46 dBm in a 10MHz carrier
· Small cell: 30 dBm for fixed Tx power; 20~30 dBm for optimized Tx power.

	Minimum distance (2D distance)
	Small cell – small cell: 20m

	
	Small cell – UE: 5m

	
	Macro – small cell cluster center: 105m

	
	Macro – UE : 35m

	
	Cluster center – cluster center: 2x Radius for small cell dropping in a cluster

	Network synchronization
	Synchronized

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	RSRP for intra-frequency and RSRQ for inter-frequency, with cell common bias if CRE is applied.

	Link adaptation
	Non-ideal

	CRS interference modelling
	Included
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