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1 Introduction

In RAN1 #73, timescales for Small cell ON/OFF were discussed and then guidance was provided as follows:

Guidance on timescales to be taken into account in simulations until RAN1#74:

· 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

· Prepare a more specific proposal including details of assumed tx states of small cell before and after, and mechanism(s) for triggering the small cell activation. – discuss offline. 

· Time before a new arrived UE (as in FTP 1) can use an already on small cell: [200] ms – check the value offline and prepare a description of what procedures are assumed to be included in this time. 

· 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:
· Cell detection/configuration and attachment

· Time/frequency synchronization

· CSI/RRM measurement and report

· Legacy user handling

This contribution presents the evaluation results of small cell on/off taking into account time delays in small cell scenario 3 defined in [1]. 
2 Evaluation for small cell scenario 3
In small cell enhancement scenarios, UEs located in close proximity of small cells will have significant chance of experiencing high level of interference from other neighboring small cells due to the clustering of small cells. If interference between neighboring small cells is properly managed, system performance enhancements can be achieved in the form of higher signal quality. One promising solution to mitigate inter-cell interference between small cells is to employ small cell on/off operations. In small cell scenario 3, small cells can be turned on or off depending on either the existence of UEs in the vicinity of small cells or the existence of data in the eNB’s transmit buffer. A simple approach to observe the gain from small cell on/off is to consider a non-full buffer traffic model in the system level evaluation of small cell on/off switching. In other words, it is assumed that a small cell is turned on if there is data to serve and a small cell is turned off if there is no data to serve. This contribution provides evaluation results for such interference mitigation in small cell scenario 3 taking into account small cell on/off delays.
2.1 Simulation assumptions
Small cell on/off decision
· In our evaluation, we assumed that there exists a coordinating entity (such as a central controller) that decides small cell on/off.
· Each small cell has direct and ideal backhaul connection to the coordinating entity that decides small cell on/off.
CRS interference modelling
·  CRS interference is modeled as additional Gaussian noise term on all PDSCH REs
Small cell on/off time delay for evaluations
· Case A: No small cell off but UE connection delay
· UE connection delay to change from idle state to connection state is modeled as follows.

· If a UE’s new packet arrives after an interval longer than 200ms from the latest downlink transmission of the UE, the UE can receive downlink transmission from the small cell after a delay of 200ms

· Otherwise, no delay is assumed

· Cells generate CRS interference in all subframes

· Case B: Small cell on/off with both connection delay and on/off delay
· Delay for turning a small cell on (delay applied to UE when it needs to receive downlink transmission from a small cell that has been triggered to switch on): 400ms
· UE connection delay

· If other UE’s new packet arrives after an interval longer than 200ms from the trigger to switch on or the latest downlink transmission of the UE, the UE can receive downlink transmission after a delay of 200ms

· Otherwise, no delay is assumed

· Cells generate CRS interference as soon as the cell is triggered to switch on

· Delay for turning a small cell off (delay applied on eNB to stop CRS after the downlink transmit buffer has been cleared): 200ms

· If a new packet arrives within 200ms after turn off is triggered, the small cell is immediately turned on.

· If a UE’s new packet arrives after an interval longer than 200ms from the latest downlink transmission of the UE, the UE can receive downlink transmission after a delay of 200ms

· Otherwise, no delay for connection

· Cells transmit CRS in all subframes until it is completely off
Serving cell association

· UE selects a serving small cell based on the best RSRP
Others

· Traffic model: FTP model 3 
· Network synchronization: Ideal synchronization
· Other assumptions not stated in this contribution follow the agreed assumptions in [1]
2.2 Simulation results

Simulation models
We evaluated three models for small cell scenario 3 as follows:
· Sparse: 2 small cells with 10 UEs per each small cell 
· Dense 1: 8 small cells with 5 UEs per each small cell
· Dense 2: 8 small cells with 10 UEs per each small cell 
To see the impact of CRS interference due to small cell on/off in each model, evaluation results for Case A (No small cell off but UE connection delay) are compared with Case B (Small cell on/off with both connection delay and on/off delay). We provide evaluation results in the form of UPT (User Packet Throughput) in tables 1 through 3.
Performance metrics
The performance metrics used in the evaluations are given as below: 

· User packet throughput (UPT)
· UPT = amount of data (file size=0.5Mbyte) / time needed to download data
· Time needed to download data starts when the packet is received at the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver
· Resource utilization (RU)
· RU=Number of scheduled RBs in small cells/total number of RBs in small cells/simulation time/total number of small cells
Simulation results

Simulation results for small cell on/off with both connection delay and on/off delay are provided in tables 1 through 3 for each model. In the results, we compare relative UPT performance difference of Case B and Case A.
Table 1: UPT gain of small cell on/off in case of Sparse model

	
	RU
	5% UPT
(Mbps)
	50% UPT
(Mbps)
	Mean UPT

(Mbps)

	Case A
	29%
	4.8

(0%)
	13.6

(0%)
	13.2

(0%)

	Case B
	28%
	3.8

(-22%)
	8.6

(-37%)
	10.9

(-17%)

	Case A
	53%
	1.3

(0%)
	12.5

(0%)
	12.4

(0%)

	Case B
	56%
	1.1

(-16%)
	10.4

(-17%)
	11.2

(-10%)


Table 2: UPT gain of small cell on/off in case of Dense 1 model

	
	RU
	5% UPT
(Mbps)
	50% UPT
(Mbps)
	Mean UPT

(Mbps)

	Case A
	22%
	3.7

(0%)
	10.5

(0%)
	10.7

(0%)

	Case B
	21%
	3.4

(-6%)
	8.5

(-20%)
	9.4

(-12%)

	Case A
	46%
	1.0

(0%)
	8.5

(0%)
	9.0

(0%)

	Case B
	46%
	0.94

(-8%)
	7.5

(-12%)
	8.5

(-6%)


Table 3: UPT gain of small cell on/off in case of Dense 2 model

	
	RU
	5% UPT
(Mbps)
	50% UPT
(Mbps)
	Mean UPT

(Mbps)

	Case A
	17%
	5.0

(0%)
	10.9

(0%)
	10.7

(0%)

	Case B
	15%
	4.7

(-6%)
	8.6

(-22%)
	9.4

(-13%)

	Case A
	66%
	0.98

(0%)
	7.4

(0%)
	7.9

(0%)

	Case B
	64%
	0.99

(+1%)
	7.1

(-4%)
	7.8

(-1%)


The following observations can be made from the simulation results for each case.
· As shown in tables 1~3, significant impact on performance can be observed for small cell on/off with both on/off delay (400ms) and connection delay (200ms)

· 10~30% performance losses are observed in most of models.
· Due to on delay and connection delay, packets will remain in the UE buffer without scheduling even after the small cell is triggered to turn on or even though small cell is already turned on. 
· At low RU, a large portion of the small cells is off. Therefore, there are relatively more transitions of small cells from off to on. Consequently, even UEs in very favorable geometry are seriously affected by delays and their performance deteriorates due to the delay associated with turning a cell on.
· On the other hand, at high RU, a large portion of the small cells is on. Therefore, there are relatively less transitions of small cells from off to on. Consequently, the delay associated with turning a cell on plays a smaller role.
From the simulation results, it can be observed that gains from small cell turning off are cancelled out by the time delay due to connection or on/off transition. In order to achieve UPT gains from no CRS interference when small cell is off, practical considerations of feasible time delays for small cell on/off should be taken into account.
Observations
· Gains from small cell turning off are cancelled out by the time delay due to connection or on/off transition.
· Practical considerations of feasible time delays for small cell on/off should be taken into account to achieve the benefits of small cell on/off techniques.
3 Conclusion
This contribution presents system simulation results for small cell on/off in small cell scenario 3. From evaluation results in this contribution, the following observations are considered:
Observations
· Gains from small cell turning off are cancelled out by the time delay due to connection or on/off transition.

· Practical considerations of feasible time delays for small cell on/off should be taken into account to achieve the benefits of the small cell on/off techniques.
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