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1. Introduction

Due to high deployment density of small cells within a cluster, severe and diversified interference condition is observed within a small cell cluster from the simulation results for scenario 1, 2a and 2b. Small cell on/off operation is one of techniques to mitigate the interference from CRS and common control channels and further enhance system capacity.  

In RAN1#73, RAN1 has concluded that ideal dynamic small cell on/off can provide significant UPT gain and it was agreed that the following guidance on time scales should be taken into account for small cell on/off in simulation:

· 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]

In 3GPP RAN1 #74 meeting, further discussion and evaluation on how much gain can be obtained from small cell on/off operation continue with emphasis on the impact of feasible transition time scales. However, there is no agreement on both achievable gain and time scales of small cell on/off operation. 
This paper compares simulation results for small cell on/off operation with different transition time scales and shades a light on the directions for the support of small cell on/off operation.
2. Overview of small cell on/off schemes
For both network energy efficiency and minimal inter-cell interference (due to data or reference signal transmission), it would be preferable to turn off some of small cells or keep them in a state with very limited transmission. In 3GPP RAN1 #74 meeting, the following schemes are studied and summarized in [1]:
· Alt #1: Baseline schemes without any on/off
· Alt #2: Long-term on/off schemes for energy saving (incl. RAN3 Energy Saving SI/WI)
· Alt #3: Semi-static on/off schemes 
· Alt #4: Ideal, dynamic on/off 
· Alt #5: NCT with NCTCRS (i.e., reduced CRS)

In these schemes, small cells supporting semi-static small cell on/off scheme can adaptively adjust the transition time between “on” and “off” to select between backward compatibility and enhanced system throughput but small cells supporting dynamic small cell on/off and NCT can hardly support legacy UEs. A companion paper [2] explains the reasons.
The criteria for small cells to switch “on” and “off” may be based on the traffic load, UE association, and packet arrival. For the criteria based on traffic load, a turned-off small cell can be turned on if the traffic load in a neighborhood of the cell (including the cell itself) increases to a certain level. Conversely, a turned-on small cell can be turned off if the traffic load in a neighborhood of the cell decreases to a certain level. For the criteria based on UE association, a turned-on small cell can be turned off if there is no UE associated to it, and a turned-off small cell can be turned on if the network assigns a UE to be associated to it based on UE measurements and the consideration of load balancing/shifting. For the criteria based on packet arrival, a turned-off small cell can be turned on if a packet arrives, and the cell can be turned off after the packet transmission is completed. For performance evaluation, different scales of off-to-on transition time and on-to-off transition time are modeled in the simulation.
3. Simulation results and discussion
The magnitude of feasible time scales using legacy procedures for small cell on/off mainly depends on UE capability (single or dual RF), UE status (idle or connected), and the frequency deployment of small cells (co-channel or non-co-channel with macrocells), which may require different time scales for UE RRM measurements/reporting. In this section, evaluation results with the different transition time scales for small cell on/off are provided and compared.

In the simulation, layer association between macrocell and small cell layers is based on relative RSRQ comparison and the cell association within the macrocell layer is based on relative RSRP comparison. The transition time values for the performance evaluation of small cell on/off operation are assumed as follows and three schemes are evaluated – 1) Always ON; 2) Semi-static ON/OFF; 3) Dynamic ON/OFF. Though the actual transition time is much larger than baseline values agreed in RAN1 #73 in legacy case, baseline values are considered for the comparison.
· Case 1: Baseline values of transition time scale agreed in RAN1 #73
· Time before a UE can use a just turned on small cell: [400ms]
· If a new packet is arrives on a turned off small cell, the cell is triggered to be turned on
· Once the cell is triggered to be turned on, DL transmission starts after a 400ms turn on delay
· Time before a new arrived UE (as in FTP 1) can use an already on small cell: [200ms]
· All new arrived packets experience a 200ms packet delay for all schemes
· Time needed to turn off a cell after turn-off is triggered [200ms]
· If the eNB’s transmit data buffer is empty, the cell is triggered to be turned off

· Once the cell is triggered to be turned off, the cell is completely turned off after a 200ms delay
· Case 2:  New mechanism with assumed transition time, 100ms
· Time before a UE can use a just turned on small cell: [100ms]
· Time before a new arrived UE can use an already on small cell: [100ms]
· All new arrived packets experience a 100ms packet delay for all schemes
· Time needed to turn off a cell after turn-off is triggered: [100ms]
· Case 3:  New mechanism with assumed transition time, 10ms
· Time before a UE can use a just turned on small cell: [10ms]
· Time before a new arrived UE can use an already on small cell: [10ms]
· All new arrived packets experience a 10ms packet delay for all schemes
· Time needed to turn off a cell after turn-off is triggered: [10ms]
Table 1. UE packet throughput (Mbps) and percentage gains with time scale of case 1 for small cell on/off
	Case 1
	UE Ratio of Cell Association
	Resource Utilization
	Mean UPT (Mbps)
	5%-ile Cell Edge UPT (Mbps)

	
	Macro
	SC
	Total
	Macro 
	SC
	Total
	Macro 
	SC
	Total
	Macro
	SC

	Always ON
	31.89%
	68.11%
	0.152
	0.423
	0.125
	14.53
	12.24
	15.53
	4.56
	2.67
	6.31

	Semi-static ON/FF
	11.20%
	88.80%
	0.111
	0.185
	0.103
	13.78
	16.16
	13.20
	6.01
	6.02
	6.01

	Dynamic ON/OFF
	14.47%
	85.53%
	0.077
	0.165
	0.068
	38.44
	25.18
	40.86
	10.67
	7.39
	12.41


Table 2. UE packet throughput (Mbps) and percentage gains with time scale of case 2 for small cell on/off

	Case 2
	UE Ratio of Cell Association
	Resource Utilization
	Mean UPT (Mbps)
	5%-ile Cell Edge UPT (Mbps)

	
	Macro
	SC
	Total
	Macro 
	SC
	Total
	Macro 
	SC
	Total
	Macro
	SC

	Always ON
	28.73%
	71.27%
	0.148
	0.377
	0.125
	15.04
	13.71
	15.58
	5.63
	3.91
	6.48

	Semi-static ON/FF
	15.82%
	84.18%
	0.091
	0.171
	0.083
	31.35
	21.59
	33.42
	9.71
	7.60
	10.52

	Dynamic ON/OFF
	13.15%
	86.85%
	0.081
	0.148
	0.074
	39.19
	25.46
	41.95
	10.87
	7.61
	13.07


Table 3. UE packet throughput (Mbps) and percentage gains with time scale of case 3 for small cell on/off

	Case 3
	UE Ratio of Cell Association
	Resource Utilization
	Mean UPT (Mbps)
	5%-ile Cell Edge UPT (Mbps)

	
	Macro
	SC
	Total
	Macro 
	SC
	Total
	Macro 
	SC
	Total
	Macro
	SC

	Always ON
	45.05%
	54.95%
	0.164
	0.484
	0.132
	13.71
	11.27
	14.76
	3.07
	1.41
	5.94

	Semi-static ON/FF
	16.92%
	83.08%
	0.073
	0.133
	0.067
	39.20
	25.78
	41.48
	12.16
	7.65
	13.71

	Dynamic ON/OFF
	14.70%
	85.30%
	0.072
	0.148
	0.065
	40.57
	25.83
	43.18
	12.05
	7.28
	14.22


Table 1-3 show the performance evaluation results using semi-static and dynamic small cell on/off operation with different transition time scales in terms of UE ratio of cell association, resource utilization and user packet throughput for macrocell and small cell layer. The observations are summarized as 
Observation #1: Both macro and SC UEs can benefit from reduced transition time for small cell on/off operation.
Observation #2: Compared to the scheme of always on, there is no UPT gain for semi-static small cell on/off operation if the transition time scales are equal to or larger than the baseline values [400ms, 200ms, 200ms].
Observation #3: Compared to the scheme of always on, there is significant UPT gain for semi-static on/off operation in low traffic loading if the transition time scales are equal to or less than 100ms.
Observation #4: Due to no additional CRS transmission when there are no data packets, the highest average and cell-edge user packet throughput gain is obtained for dynamic small cell on/off operation.
Based on the above observations, the following proposals are obtained
Proposal #1: Enhancements on mechanisms to provide reduced transition time between “ON” and “OFF” states is necessary for efficient small cell on/off operation.
Proposal #2: The targeted transition time for the mechanism enhancements can be equal to or less than 100ms. 
4. Conclusion
In this paper, we evaluate the performance of small cell on/off schemes with different transition time scales in SCE scenario 2a.  According to the simulation results, we have following observations and proposals
Observation #1: Both macro and SC UEs can benefit from reduced transition time for small cell on/off operation.

Observation #2: Compared to the scheme of always on, there is no UPT gain for semi-static small cell on/off operation if the transition time scales are equal to or larger than the baseline values [400ms, 200ms, 200ms].
Observation #3: Compared to the scheme of always on, there is significant UPT gain for semi-static on/off operation in low traffic loading if the transition time scales are equal to or less than 100ms.

Observation #4: Due to no additional CRS transmission when there are no data packets, the highest average and cell-edge user packet throughput gain is obtained for dynamic small cell on/off operation.
Proposal #1: Enhancements on mechanisms to provide reduced transition time between “ON” and “OFF” states is necessary for efficient small cell on/off operation.

Proposal #2: The targeted transition time for the mechanism enhancements can be equal to or less than 100ms. 
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Appendix:
Table 4: Simulation assumptions for system level simulation
	Parameters
	Assumptions

	Scenario
	Scenario #2a, 7 macro sites

	System bandwidth per carrier
	Macro: 10MHz; Small cell: 10MHz

	Carrier frequency
	Macro: 2.0GHz; Small cell: 3.5GHz;  both 1 carrier

	Total BS TX Power
	Macro: 46dBm; Small cell: 30dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model with 3D distance as baseline

	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. 20% UEs are outdoor and 80% UEs are indoor.

	Cell selection criteria
	RSRQ based with realistic cell load

	Small cell on/off criteria
	On/off based on packet call arrival/completion

	Traffic model
	FTP Model 1 as in TR 36.814 with packet arrival rate = 6

	Scheduling
	Proportional Fair

	UE receiver
	MMSE-IRC

	Antenna configuration
	2Tx2Rx in DL, cross-polarized

	MIMO scheme
	Single point transmission with SU-MIMO, up to rank2


