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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#74bis, many companies have discussed the enhanced mechanisms, procedures and measurements to assist the adaptation with reduced transition time scales and also provided further evaluation results. RAN1 has agreed that reduced transition time of small cell on/off can increase the performance depending on the detailed scheme with the following guidance on time scales for small cell on/off evaluations:
· Dormant mode based on current existing RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off.
In this contribution, we further evaluate the semi-static small cell on/off performance with different turn-on time scales and turn-off time scales in SCE scenario 2a, considering CRS interference cancellation and MBSFN subframes based on the above guidance.
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. 
· 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. In the last meeting, we explained the reasons and showed the view on support of small cell on/off [1].
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
Time scales based on legacy procedures are summarized in [2]. 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 and cell association/activation procedures. The actual transition time requires from hundreds of milliseconds to seconds which consists of the time for cell detection/synchronization (e.g., PSS/SSS, CRS), intra-frequency or inter-frequency RRM measurements, RACH procedure and so on. 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. CRS-IC (incl. CRS-to-data and CRS-to-CRS collision cases) and 6 MBSFN subframes are considered to reduce CRS interference. The detailed simulation assumptions are listed in the Appendix. 
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) Dormant mode; 3) Semi-static ON/OFF based on new scheme under different transition time. 
· Baseline #1: Always-on 
· Time before a new arrived UE (as in FTP 1) can use an already on small cell: [150ms]
· Baseline #2: Dormant mode with off-to-on and on-to-off transition time, [2000ms, 150ms]
· Time before a UE can use a just turned on small cell
· 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 2000ms delay
· Time needed to turn off a cell completely after turn-off is triggered
· 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 150ms delay
· New mechanism with reduced off-to-on and on-to-off transition time

· Case 1:  New mechanism with assumed off-to-on and on-to-off  transition time, [100ms, 100ms]
· Case 2:  New mechanism with assumed off-to-on and on-to-off transition time, [50ms, 50ms]
· Case 3:  New mechanism with assumed off-to-on and on-to-off transition time, [10ms, 10ms]
Figure 1 and 2 show the performance evaluation results of SCE scenario 2a using dormant mode and semi-static small cell on/off operations with different transition time scales in terms of user packet throughput (UPT) for macrocell/small cell layer and resource utilization (RU) compared with small cell always-on, respectively. It shows that small cell on/off with small off-to-on and on-to-off time scales (e.g., 10ms) provides significant gains under low and medium traffic load level (e.g., λ=6, 10). Compared with the baseline #2 and case 1, the packet throughput is more sensitive to the off-to-on delay than on-to-off delay because small cells are off during most of time and only a few packets are suffered from the CRS interference during the turn-off time. Therefore, considering cell detection and measurements consumes most of the transition time, it is necessary to introduce enhanced mechanisms to at least reduce cell detection and measurement time to achieve the desirable time scale when the traffic load is low. In addition, it’s also beneficial to UE power consumption.
However, as the traffic load increases, more packets will arrive and more off small cells are triggered on, which will bring larger CRS interferences. From Figure 1, when the traffic load is sufficiently high (e.g., λ=20, the resource utilization for most loaded layer even arrives at 80%), small cells on-off can’t provide any performance gain. Since the performance impact on control channels due to CRS transmission from neighboring small cells are not modeled in the simulation, the UPT gain provided by small cell on/off operation may be better than the results shown in Figure 1 and 2.  In general, small cell on/off operation still can provide performance gain for low to moderate traffic rate if the transition time scale can be reduced to be less than 50 ms.
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Figure 1: Gains of small cell on/off, average and 5% UPT with CRS-IC and 6 MBSFN subframes
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Figure 2: Resource utilization in macrocell layer and small cell layer with CRS-IC and 6 MBSFN subframes

From the evaluation results, we have the following observations:
Observation #1: Compared to the scheme of always on, there is no UPT gain to support dormant mode only in small cell on/off operation.
Observation #2: When the traffic load is low to medium (e.g. RU of macrocells is lower than 60%), UPT gain (up to 40% UPT gain) can be obtained for both macro and SC UEs from the support of small cell on/off operation if the transition time is less than 50 ms.
Observation #3: When the traffic load is sufficiently high (e.g., RU of macrocells is higher than 60%), no UPT gain can be obtained from the support of small cells on/off operation no matter how small the transition time is.
Based on the above observations, the following proposals are obtained
Proposal #1: The targeted transition time for small cell on/off operation should be less than 50 ms.
Proposal #2: With the target transition time, enhancements to support small cell on/off operation should include both enhanced measurements and enhanced procedures.
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: Compared to the scheme of always on, there is no UPT gain to support dormant mode only in small cells.
Observation #2: When the traffic load is low to medium (e.g. RU of macrocells is lower than 60%), UPT gain (up to 40% UPT gain) can be obtained for both macro and SC UEs from the support of small cell on/off operation if the transition time is less than 50 ms.

Observation #3: When the traffic load is sufficiently high (e.g., RU of macrocells is higher than 60%), no UPT gain can be obtained from the support of small cells on/off operation no matter how small the transition time is.
Proposal #1: The target transition time for small cell on/off operation should be less than 50 ms.
Proposal #2: With the target transition time, enhancements to support small cell on/off operation should include both enhanced detection/measurement and enhanced procedures. 
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Appendix:
Table 1: 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

	CRS-IC
	CRS-IC is included as in [3]

	MBSFN subframe configuration
	6 MBSFN subframes

	Off-to-on transition latency
	2000ms, 100ms, 50ms, 10ms

	On-to-off transition latency
	150ms, 100ms, 50ms, 10ms

	Traffic model
	FTP Model 1 as in TR 36.814 with packet arrival rate = 6, 10, 15, 20

	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


