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1. Introduction

At RAN1#73 meeting, the initial results on small cell on/off performance were provided and the potential mechanisms of small cell on/off were discussed [1][2]. Subsequently, the guidance on small cell on/off further study was given as follows [3]:
· Baseline value of the feasible time scale to be used for further evaluation of network adaptation, if using currently existing procedures, is as follows:

· Time before a UE can use a just turned on small cell: [400] ms

· Time before a new arrived UE (as in FTP 1) can use an already on small cell: [200] ms

· Time needed to turn off a cell after turn-off is triggered [200ms]. For RAN1#74, further study the following mechanisms in evaluations:
· 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 provide performance results of small cell on/off with different time scale and discuss the impact of the time scale on the system performance. Furthermore, we analyze and compare the potential signaling procedures for different small cell on/off mechanisms.
2. Simulation results and discussion
In this section, we provide the simulation results of small cell on/off under different time scales. The different time scales lead to the different UE handover latency and CRS interference situations among small cells, and therefore impact the simulation results in terms of UE throughput. As the small cell on/off is considered as a potentially effective interference coordination scheme under medium/low system load condition, around 30% load is assumed in the simulation. For simplicity, the same time scale for both small cell on and off is assumed in the simulation. The detailed simulation assumptions are given in Table 2 in Annex and the preliminary simulation results are provided in Table 1.
Table 1. Performance with different time scales (Scenario 2a, 1 cluster with 4 picos)
	Small cell On/Off 

time scale
	Always on
	400ms
	200ms
	50ms

	UE mean throughput (Mbps)
	15.94
	17.95
	18.15
	19.31

	Gain (%)
	
	12.6%
	13.9%
	21.1%


Based on the simulation results, it can be observed that the performance gain in terms of UE mean throughput can be achieved by utilizing small cell on/off scheme. It seems that the different time scales could lead to the different performance gain. Furthermore, as the time scale increases, the throughput gain decreases. The faster small cell on/off is beneficial for reduction of inter-cell CRS interference and fast handover, and brings more performance gain. For example, small cell on/off with time scales of 50ms/400ms can achieve about 21.1% and 12.6% gain respectively, as shown in Table 1.
Observation 1: The performance gain in terms of UE mean throughput can be achieved by utilizing small cell on/off, and the gain is decreased with time scale for on/off increased.
3. Discussion on small cell on/off mechanism
In this section, the mechanisms for small cell off are firstly analyzed. Then the potential procedures corresponding to DL/UL based small cell on mechanisms are provided and compared. 
For small cell off procedure, there are three cases listed as follows:

· Case 1: After the connected UEs change to idle state, the small cell can be switched off by itself.
· Case 2: To reduce the interference to other cells, the low load small cells hand over the connected UEs to the macro cell or other neighbouring small cells, and are switched off after that.
· Case 3: In multi-carrier scenario, low load small cells only schedule UEs on PCell, and the SCell is switched off. 
The potential signalling procedure for case 2 is illustrated in Figure 1.
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Figure 1 : Event/signalling procedure for case 2 of small cell de-activation 
If compared with small cell off procedure, the small cell on procedure is relatively more complicated. As discussed in previous RAN1 meetings, there are two main mechanisms for small cell on, i.e., DL and UL based mechanisms. The possible signalling procedures of these schemes are illustrated in Figure 2 and Figure 3, respectively.
For DL based scheme, as shown in Figure 2, UE can detect and synchronize with small cell in off state through discovery signalling, and even perform the measurement and report to macro cell. Therefore UE can associate with the newly activated small cell quickly once this cell is turned on. The drawback of this scheme is lack of backward compatibility. Another mechanism is that small cell is activated by the source eNB or OAM. In this scheme, high load macro cell can turn on the dormant small cell to offload some traffic load from it. Furthermore, in order to maintain backward compatibility, signalling 1&2 shown in Figure 2 could be optional. The problem for this scheme is that for specific UE, how could macro cell find a small cell in off state to be activated, which can serve this UE and maximize the offload benefit. In this scheme, before UE connects with the newly activated cell, it needs to detect and synchronize with this cell and perform the measurements. These procedures will introduce additional time latency for UE connection establishment.
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Figure 2 : DL based event/signalling procedure for dormant small cell activation
For UL based scheme, as shown in Figure 3, the small cell activation is triggered by UL signalling from UE. The criteria for small cell on can be configured by macro. When UE needs data transmission and initiates the PRACH procedure, a small cell can detect the PRACH signalling with macro cell’s assistance, then turn to on state. Although the small cell in off state can be activated by itself, the macro cell’s assistance could be helpful for the stability from network interference level and reduction in handover ping-pong effect in the small cell on procedure.
If comparing DL and UL based small cell on scheme, DL based scheme can provide more effective small cell discovery especially considering potential imbalance between DL and UL channel strength, and DL based scheme is also more effective in terms of energy saving for small cell eNB. On the other hand, compared with DL based procedure, UL based scheme has better backward compatibility and less impact on specification.
Observation 2: For DL and UL based procedures, each has its own advantages. Compared with DL based procedure, UL based scheme has better backward compatibility and less impact on specification.
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Figure 3 : UL based event/signalling procedure for dormant small cell activation
4. Conclusion
In this contribution, the preliminary simulation results of small cell on/off were provided and discussed. The potential signaling procedures for different small cell on/off mechanism were analyzed and compared. Based on the analysis and discussion, our observations are as follows:
Observation 1: The performance gain in terms of UE mean throughput can be achieved by utilizing small cell on/off, and the gain is decreased with time scale for on/off increased.
Observation 2: For DL and UL based procedures, each has its own advantages. Compared with DL based procedure, UL based scheme has better backward compatibility and less impact on specification.
References

[1] 3GPP R1-131854, Huawei, HiSilicon, “Network adaptation for small cell operation efficiency enhancement”, May. 2013.
[2] 3GPP R1-132493, Qualcomm Incorporated, “Interference avoidance and coordination”, May. 2013.
[3] Draft Report of 3GPP TSG RAN WG1 #73 v0.2.0, May. 2013.
[4] 3GPP R1-132203, China Telecom, “Views on Interference Avoidance and Coordination for SCE”, May. 2013.
Annex
Table 2.  Simulation assumptions

	Parameter
	Values used for evaluation

	Performance metrics
	UE throughput

	Deployment scenarios
	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: 3.5GHz

	Carrier number 
	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
	1

	Number of small cells per cluster
	4

	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 or 37 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

	Traffic model
	FTP Model 3

	Network synchronization
	Synchronized

	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	Feedback delay of 1ms

Wideband PMI (R8 codebook)

	Channel estimation
	Non-ideal 

	UE receiver
	MMSE-IRC receiver

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	RSRQ

	Backhaul assumptions
	Ideal backhaul
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