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1 Introduction
In RAN1#72, initial analysis on small cell carrier selection with multiple carriers deployed in the small cell layer and small cell dynamic on/off (i.e. small cell DTX) was provided in [1]. Both of these two mechanisms are included in the small cell enhancement SID [2] to ensure efficient operation of small cells, e.g. for purpose of interference avoidance and coordination, etc. In this contribution, we provide our initial evaluation results of interference analysis based on the updated assumptions and some potential interference handling schemes.
2 Evaluation of interference performance for small cell
System level simulations are used to evaluate the interference situation in small cells based on the updated simulation assumptions listed in [3]. Scenario #2a is assumed and {1, 2, 4, 10} small cells are deployed respectively in a small cell cluster. One small cell cluster and 30 UEs are configured in each macro cell. The downlink geometry distributions are shown in Figures 1 – 2, while the detailed analysis is presented in Section 3 along with some proposed schemes.
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Figure 1: Downlink Geometry, 1 cluster/ sector, 1 small cell/cluster (left), 2 small cells/cluster (right),
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Figure 2: Downlink Geometry, 1 cluster/ sector, 4 small cells/cluster (left), 10 small cells/cluster (right)
3 Discussion

3.1 Small cell carrier selection on a multi-carrier small cell layer 
Dense small cell deployments, where a large number of small cell nodes are deployed in a certain geographical area are envisioned to further improve the system throughput. According to the comparison between sparse deployment (e.g. 1 or 2 small cells/cluster) and dense deployment (e.g. 4 or 10 small cells/cluster) in section 2, it is expected small cell carrier selection on a multi-carrier small cell layer can improve system geometry since a small cell can select a favorable carrier for data transmission and reception to avoid interference in other carriers.

Small cell carrier selection is applicable if there are multiple carriers available on the small cell layer. However, the impacts on both small cell nodes and UEs due to small cell carrier selection should be considered [1]:
· Small cell carrier selection for data transmission can be effectively supported with the existing mechanisms if both the small cell node and the UE are capable and configured to operate with carrier aggregation.

· Evaluations are necessary to show the benefits of small cell carrier selection for UEs not capable of carrier aggregation, considering the time scale for small cell carrier selection, the required interruption time for carrier switching, and the corresponding procedures to enable carrier selection.
3.2 Small cell DTX

Cell DTX can be beneficial for dense small cell deployments, in terms of energy saving, interference avoidance and coordination. For small cells with none or limited amount of user traffic, it may be desirable to handover their associated UEs to neighboring cells and then perform DTX. As a result of some small cells in inactive state, the network power consumption is reduced and the system performance may also be improved due to decrease of inter-cell interference level. As shown in Section 2, the DL geometry for small cell UEs is improved as the number of active small cells reduces. On the other hand, turning off some small cells also reduces the spatial reuse of the spectrum resource, which could negatively impact the overall system throughput. Hence small cell DTX shall consider the balance among energy saving, inter-cell interference, and system throughput.

It shall be noted that long term cell DTX is largely a network implementation. Current specification already supports the mechanisms for which a cell can handover its UEs to neighboring cells in preparation to turn off. For small cells, the corresponding DTX is expected to be more dynamic, given the higher traffic fluctuate in small cells. On the other hand, energy saving and interference avoidance in a short term time scale can also be achieved by new carrier type (NCT), where the eNB does not need to transmit any signaling in most of the subframes when there is no traffic in the cell. Hence, the additional benefits of small cell DTX over the existing energy saving mechanisms and NCT shall be identified.
In case all UEs connected to a small cell also have connections to a macro cell (i.e. dual connectivity), then small cell DTX can be supported effectively by network implementation, since the network can be aware of the instantaneous traffic conditions in each small cell and macro eNBs thus can control the small cells to be ON or OFF. However, it is difficult to mandate all UEs to support dual connectivity or equivalently inter-band carrier aggregation. Therefore, small cell DTX shall consider the case where a small cell determines when to switch ON or OFF by itself, without much assistance from macro eNBs. 
4 Conclusion

In this contribution, we discuss both small cell carrier selection on a multi-carrier small cell layer and small cell DTX  based on our initial interference evaluation results. It is observed that fewer active small cells per carrier in a small cell cluster lead to better DL geometry, which motivates small cell carrier selection. On the other hand, it is noted that small cell carrier selection can already be supported if both the small cell node and the UE are capable and configured with carrier aggregation. Thus, we have the following proposal:
Proposal 1: Small cell carrier selection shall mainly evaluate its benefits and impacts on non-CA UEs.
In addition, it is noted that small cell DTX may be beneficial for dense small cell deployments in terms of energy savings and interference avoidance, with the note that such benefits can also be achieved with existing mechanisms. Therefore, we have the following two proposals on small cell DTX.

Proposal 2: The additional benefits of small cell DTX over the existing energy saving mechanisms and NCT shall be identified.

Proposal 3: Small cell DTX shall focus on studying the mechanisms for a small cell to determine its ON/OFF status itself, without much assistance from macro eNBs.
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6 Appendix
Table 1: Simulation assumptions for system level evaluation 

	
	Scenario #2a

	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
Both 19 Macro sites and 7 Macro sites can be used. Companies should indicate whether 19 or 7 sites are used when presenting the results.
	
Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1 

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm, 

	Distance-dependent path loss
	ITU UMa[referring toTable B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
	ITU Umi [referring toTable B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi[referring toTable B.1.2.1-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU Umi

	Antenna configuration
	2Tx2Rx in DL,  Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	1,2,4,10

	Number of small cells per Macro cell
	[1,2,4,10]*Number of clusters per macro cell geographical area

	Number of UEs 
	30 UEs per macro cell geographical area 

	UE dropping
	Baseline: 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
	　

	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

	Cell selection criteria
	Baseline: RSRQ  (w/o bias)

	Network synchronization
	Baseline is synchronised

	Performance metrics
	DL Geometry
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