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1 Introduction

In RAN1#73 meeting, mechanisms for small cell operation, especially, small cell on/off schemes are discussed and concluded as follows
· 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 
· Lower gains are also observed with FTP model 3 when semi-static adaptation is assumed
· Gains are due to reduced interference from CRS and common control channels
· FFS performance benefits with feasible time scale
· Potential impacts on other system performance
· Legacy UEs cannot be supported on cells operating dynamic on/off, and legacy Idle UEs cannot be supported in the vicinity of such cells on the same carrier. 
· Mobility: FFS (related to RAN2 Het-Net mobility study and RAN2 small cell study)

· Energy consumption: reduction of energy consumption is expected

Next, the guidance on time scales to be taken account in simulations for small cell on/off with feasible time scale is also discussed and listed as follows 
· 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 faster time scale (e.g., subframe-level), companies need to show the performance along with the feasible procedure(s) (e.g., dual connectivity) to handle the following aspects:
In this contribution, we provide our observations on evaluation results of small cell on/off scheme with feasible time scale based on the guidance. The detailed simulation assumptions are defined in [1] and appendix A.
2 Small cell on/off scheme with feasible time scale
In the last meeting, many companies discusses feasible time scales for evaluation of small cell on/off schemes based on RRM measurement time, transition time for RRC states, RRC procedure delay, and so on. The values for initial setup for the evaluation for small cell on/off with feasible time scale would be determined based on the currently existing procedures, whereas the time relevant to small cell on/off would be dependent on the considered scenario and adopted procedures. Therefore, it would be possible to reduce the values for the time relevant to small cell on/off. For instance, if small cells in dormant mode transmit reference signals for RRM measurement, then the time before a UE can use a just turned on small cell could be smaller than the initial value, which is set to [400] msec. In addition, if small cells employ expiration time concept where a small cell turns off itself without active UEs for more than a threshold instead of turn-off triggering message for turning off small cell, the time needed to turn off a cell can be also reduced by employing a small threshold value. 
However, in our view, optimizations of cell on/off to reduce the on/off latency (and thus feasible time scale of on/off) may not be easily achievable in a backward compatible fashion. In our evaluations, we have simulated various on/off delay values to estimate the potential performance benefits when a non-backward compatible fast cell on/off scheme is employed, yet how to realize the fast cell on/off requires further investigation. 

In addition to delay, it is also important to understand the wake-up procedure as it may impact the overall user throughput and interference level. For instance, when a new UE or traffic is generated, RRM measurement to identify the best cell is necessary. To allow the UE to perform cell selection, potential candidate cells should wake up and transmit RRM signals such as synchronization signals and CRS.
In our evaluations, we assume that small cells are turned on in a unit of cluster, and each small cell with no traffic for a certain period of time will be turned off individually. Since a UE may not know which cell is the best for cell association before turning on small cells for RRM measurements, it seems reasonable to turn on all small cells in a certain cluster instead of turning on only one small cell before cell association. We assume that a target small cell cluster for a UE can be determined by other means. For example, macro or small cell listens UE’s uplink signals to determine the proximity or macro cell uses UE measurements to determine the proximity. For the evaluation, we vary the On delay (feasible time to get ready the off-cell) of small cells from 200msec to 50msec assuming 200msec cell association latency for a UE (i.e., 400msec-250msec for on/off cell, 200msec for the reference case). 
In terms of cell off procedure, it would be important to turn off cells with no traffic as fast as possible, since cells with no traffic would increase interferences coming from cell-specific reference signals. For simplicity, we employ the concept of the expiration time similar to SCell deactivation based on activity.  For example, if resources of a cell are unused for a certain expiration time from the time after the corresponding cell is turned on, the cells with no traffic would be turned off. 

In Section 3, we compare some combination of time before a UE can use a just turned on small cell and time needed to turn off a cell under scenario #2a in terms of user packet throughput. 
3 Evaluation results

In this section, we compare user packet throughput and the total throughput in small cell on/off scheme with feasible time scale for a various combination of time before a UE can use a just turned on small cell (expressed by “On delay”) and expiration time (expressed by “Off delay”) as in Table 1. In this evaluation, the reference system is the case where no small cell on/off scheme is employed, and the RSRQ bias is selected to equalize the ratio of small cell UEs for fair comparisons. 
With low load condition (( = 2), the results are summarized in Table 1-1. 

Table 1-1: Gain of small cell on/off scheme with feasible time scale compared to reference system.

	Case
	Avg. activation ratio of small cells in a subframe[%]
	Avg. UPT [Mbps]
	Gain [%]

	Reference
	100
	29.1
	0.0

	On delay, Off delay

 (400ms, 200ms)
	81
	31.5
	8.5

	On delay, Off delay

 (300ms, 100ms)
	75
	32.8
	12.6

	On delay, Off delay

 (250ms, 50ms)
	72
	34.9
	19.8


With medium condition (( = 8), the results are summarized in Table 1-1.
Table 1-2: Gain of small cell on/off scheme with feasible time scale compared to reference system.

	Case
	Avg. activation ratio of small cells in a subframe[%]
	Avg. UPT [Mbps]
	Gain [%]

	Reference
	100
	24.7
	0.0

	On delay, Off delay

 (400ms, 200ms)
	97
	26.2
	6.0

	On delay, Off delay

 (300ms, 100ms)
	90
	26.6
	7.7

	On delay, Off delay

 (250ms, 50ms)
	82
	27.3
	10.5


Basically, small cell on/off scheme would be beneficial in the perspective of reducing interferences between small cells. In the results, we see that the user throughput gains compared to the reference case get reduced as the On delay and Off delay are increased due to the decreased benefits by interference reduction. Furthermore, even though the results have not captured the effect, the served time for transmitting packet of UE (i.e., service time) could be increased with increased On delay. If the increased served time is applied to the user throughput, the gain would be further reduced. In case of “Off delay”, the small value of “Off delay” would be beneficial in the perspective of reducing interferences between small cells by turning off cells with no traffic tightly. 

Observation: When the value of the time before a UE can use a just turned on small cell and/or time needed to turn off a cell is large, the user packet throughput gain is reduced.
As shown in Table 2, performance difference between on/off and NCT may not justify the additional complexity of on/off technique. In the perspective of impact on specification and complexity, it would rather employ NCT instead of small cell on/off scheme unless faster feasible time scale is possible in a backward compatible manner and the significant gain is achievable compared to NCT. 
Proposal 1: Average user throughput gain by employing cell on/off should be accompanied by fast and low On delay, which may not be easily achievable by backward compatible carrier. In our view, cell on/off can be considered with new carrier type. Whether employing additional on/off scheme with NCT or not needs further investigation. 
Table 2: Gain of NCT on small cell layer and MBSFN compared to reference system.

	Case
	Avg. UPT [Mbps] 

(( = 2)
	Gain compared to reference

(( = 2)
	Avg. UPT [Mbps]

(( = 8)
	Gain compared to reference

(( = 8)

	Cell on/off (250msec/50msec On delay/Off delay)
	34.9
	19.8%
	27.3
	10.5%

	NCT on small cell layer
	35.4
	21.6%
	29.5
	19.4%

	MBSFN on both layer
	32.1
	10.3%
	27.0
	9.4%


4 Conclusion
In this contribution, we discuss small cell on/off with feasible time scale. Moreover, we compare small cell on/off schemes, NCT, and MBSFN in terms of user packet throughput. Our observation and proposal are summarized as follows:

Observation: When the value of the time before a UE can use a just turned on small cell and/or time needed to turn off a cell is large, the user packet throughput gain is reduced.
Proposal 1: Average user throughput gain by employing cell on/off should be accompanied by fast and low On delay, which may not be easily achievable by backward compatible carrier. In our view, cell on/off can be considered with new carrier type. Whether employing additional on/off scheme with NCT or not needs further investigation. 
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6 Appendix A
Table 3: Simulation assumptions for system level simulation
	Parameters
	Assumptions

	Scenario
	Scenario #2a

	Number of macro site
	7

	System bandwidth per carrier
	10 MHz

	Total Small cell TX Power
	30 dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model as baseline.

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

	Cell association
	RSRQ + bias with realistic buffer.

	Scheduling
	PF

	Traffic model
	FTP Model 1 as in TR 36.814

	Arrival rate
	2, 8

	UE receiver
	MMSE-IRC

	Time before a UE can use a just turned on small cell
	400, 300, 250 [msec].

	Time needed to turn off a cell
	200, 100, 50 [msec]
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