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Introduction
Small cell on/off is recognized as an important technique for network performance improvements.  In [1], the following agreements are achieved: 
· Further study the following mechanisms in evaluations for RAN1#74:
· UL/DL signal and measurement enhancements for network adaptation decision making
· Enhancements for cell association and load balancing/shifting
· Signaling (e.g. RRC) to inform UE the network adaptation
· Mechanisms to cope with or avoid disruptive interference/measurement jumps due to network adaptation
· Backhaul signaling and coordination enhancements
In this contribution, we will give our views on small cell on/off and also provide some simulation results.
Discussion
Small cell on/off is recognized as an efficient way to avoid interference and improve cell throughput performance. Especially for the ideal dynamic on/off scheme, significant UPT benefits are observed relative to a baseline without CRS interference mitigation or MBSFN subframes, with FTP models 1 and 3 at least when idealised dynamic (i.e., subframe-level) small cell on/off is assumed and with low/medium load[1]. The benefits of small cell on/off are discussion in many contributions[2]-[4]. We will also give our views on dynamic and semi-static small on/off.
Dynamic small cell on/off
The realization of dynamic small cell on/off in subframe level should rely on the assistant of macro cell. Besides, small cell should be regarded as a data transmission node. The reason is that if a small cell is operating as a Pcell, any UE needs to access the cell first, which will take over hundreds of milliseconds. Then subframes level dynamic on/off can’t be realized. Furthermore, the backhaul between macro cell (central control nodes) and small cell should also be almost ideal. If the backhaul delay between small cell and macro cell is over tens of milliseconds, it is not possible to track the subfarme level traffic variation.
Observation 1: the scenarios for dynamic small cell on/off are quite limited. 
Semi-static small cell on/off
If the backhaul between macro and small cell is non-ideal or small cell is operating as Pcell, a semi-static small cell on/off should be considered. To support semi-static small cell on/off, some extra DL/UL signals should be specified to enhance the system performance. For the downlink, if a small cell is operating as Pcell, once it decides to switch from on to off, a DL indication is required to inform the serving UEs. For legacy UEs, a handover process has to be triggered to sustain the service continuity. For R-12 UE, camp on or handover can be chosen to act this indication. Besides, if a small cell is in dormant(off) mode and operate without macro cell assistant, a discovery signal is quite necessary. Accordingly, if a UE detect the discovery signal but can’t receive other control channel information, uplink request information can be sent to awake the dormant mode small cell. Therefore
Proposal 1: DL/UL signals enhancements to assistant semi-static small cell on/off transition should be introduced. 
The time scale of semi-static on/off is over 10~100 frames, which has been discussed in email discussion after RAN1 #73. It is concluded that if a small cell is used as Pcell, according to current standard, small cell on will take over 1000ms before a UE can attach to it. For the small cells with central control, the action of on/off can be decided by central controller, like macro cell. A typical case is small cell and macro cell operate in a dual connectivity mode. In this mode, control plane information is transmitted by macro cell, while only user plane data is transmitted by small cell. It is convenient to define some macro cell assistant signal to simplify the small cell off to on operation. For example, macro cell and dormant cell can exchange the small cell configuration information to be used when small cell on. This information can be send to UE just after small cell on. UE can use this configuration to reduce the searching time. 
Proposal 2: Macro assistant signal should be define to reduce the semi-static small cell on/off time.
Simulation results
In this section, we give some system level simulation results for small cell on/off. Detailed simulation assumptions can be found in Appendix. The baseline is chosen as all small cells on. We also give the following two schemes for comparison. 
Scheme 1: {20%, 40%} small cells are random off before UE association.
Scheme 2: turn off the small cells without UE association.


	












Figure 1 comparison of different small cell on/off schemes
From figure 1, we can see with different small cell on/off schemes, small cell on/off brings considerable throughput gains. The benefits of small cell on/off is has a high relationship between small cell off portion. 
Observation 2: small cell on/off brings considerable throughput gains.
Conclusion
In this contribution, we discuss the small cell on/off and give the following observations and proposals:
Observation 1: the scenarios for dynamic small cell on/off are quite limited. 
Proposal 1: DL/UL signals enhancements to assistant semi-static small cell on/off transition should be introduced. 
Proposal 2: Macro assistant signal should be define to reduce the semi-static small cell on/off time.
Observation 2: small cell on/off brings considerable throughput gains.
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Appendix
Table 1 Simulation assumptions
	Layout
	Scenario #2a
Macro 7*3
Small cell: Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	Macro: 10MHz, small cell:10MHz

	Carrier frequency 
	Macro: 2.0GHz, small cell: 3.5GHz

	Carrier number
	Macro: 1, small cell: 1 

	Total BS TX power (Ptotal per carrier)
	Macro: 46dBm, small cell: 24dBm

	Antenna configuration
	2Tx2Rx

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Number of UEs 
	30 UEs per macro sector area

	Traffic load
	FTP model 3, with lambda = 0.3

	UE dropping
	Baseline: 1/3 UEs per macro cell, randomly and uniformly dropped in macro geographical area, 2/3 UEs randomly and uniformly dropped within the clusters. 

	Cell selection criteria
	RSRP+ bias，bias=0dB
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