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1 Introduction

In RAN#73, it was agreed that the following guidance on timescales to be taken into account for small cell on/off in simulations:

· 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 : [200]ms 
This contribution discusses issues associated with the impact of small cell on/off delay and presents evaluation results based on small cell on/off timescales agreed during RAN#73 and subsequent email discussions.
2 Evaluation for SCE scenario 2a
In small cell enhancement scenarios, small cell on/off mechanism is considered as one of the promising solutions to reduce interference from neighboring small cell. The basic idea is to turn the small cell on or off based on its buffer status. In other words, a small cell can be entirely turned off if there is no data to be transmitted. On the other hand, if a new packet is arrives to the turned off small cell, it turns back on to process the new packet. A key performance impacting factor in the small cell on/off mechanism is the delay associated with turning a small cell. If the delay is negligible, small cell on/off will certainly result in a performance improvement. However, if the delay is too large, new packets will be subject to an additional delay that will reduce the user’s perceived throughput. This contribution evaluates performance of small cell on/off scheme with and without additional delay on small cell turn on/off process.
2.1 Simulation assumptions

For SCE scenario 2a, the evaluation methodology in the companion contribution [3], which presents evaluation results for small cell on/off in SCE scenario 1, could be reused except for ABS and the cell association assumptions such as:

Serving cell association 
· UE selects the serving cell based on the best RSRP for intra-frequency cell selection
· UE selects the serving cell based on the best RSRQ for inter-frequency cell selection
· RSRQ is calculated based on long-term buffer for simulation simplicity
· 0dB bias is applied to the RSRQ for the inter-frequency cell selection
2.2 Simulation results

Simulation cases

· Case 0 (baseline) : Small cell on/off is not applied

· All cells are always turned on
· CRS is always transmitted even if there is no packet in the cell
· Case 1 (Delayed on/off) : Small cell on/off based on buffer status with on/off delay
· If a new packet is arrived in the turned off small cell, the cell is turned on after 400ms delay
· CRS is transmitted when the cell is triggered to be turned on

· If there is no packet to be transmitted, the small cell is turned off after 200ms delay

· CRS is transmitted until the cell is completely turned off 
· If a new packet is arrived within turn-off process, the cell is turned on immediately

· Transmission delay depends on the packet delay rather than on/off delay
· Case 2 (Delayed on/off ): Small cell on/off based on buffer status with modified on/off delay
· Same as Case 2 except that if a new packet arrives on a cell in the process of turning off, the cell finishes the turn off procedure first

· After the turn-off process is completed, the cell can be turned on again after a 400ms delay
Performance metrics

The performance metrics used in the evaluations are as follows: 

· 5%, 50%, 95% average user packet throughput (A-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 small cells/simulation time
Simulation results
We evaluated 1 cluster per macro cell with 4 small cells per cluster. The evaluation results for Case 0 (baseline) are compared with the delayed small cell on/off cases (Case 1 and Case 2). We provide results of A-UPT performance in the overall macro cell area (including small cell layer) results in table 1.

Table 1. Average user packet throughput results in macro area
	No small cell off (Case 0 - baseline)

	RU
	5% (Mbps)
	50% (Mbps)
	95% (Mbps)
	Mean (Mbps)

	0.20
	3.53
	11.70
	15.04
	10.95

	0.36
	2.15
	10.74
	15.04
	10.07

	Delayed on/off (Case 1)

	0.20
	3.26 (-7.7%)
	8.57 (-26.8%)
	15.04 (0.0%)
	9.01 (-17.7%)

	0.36
	2.07 (-3.7%)
	8.57 (-20.2%)
	15.04 (0.0%)
	8.85 (-12.7%)

	Delayed on/off (Case 2)

	0.19
	2.97 (-15.9%)
	8.35 (-28.6%)
	14.99 (-0.3%)
	8.60 (-21.5%)

	0.36
	2.00 (-7.0%)
	8.08 (-24.8%)
	14.93 (-0.7%)
	8.27 (-17.8%)


The following observations were made from the results for the respective cases:

· Performance loss from small cell on/off delay
· Small cell on/off delay significantly impacts on A-UPT performance
· Due to large delay time for turning on the cell, a newly arrived packet will remain in the eNB transmit buffer until the cell is completely turned on
· Increased time needed to deliver packet results in A-UPT performance loss
· Case 1 in table 1, 27% and 18% loss from on/off delay are observed in 50% A-UPT and mean A-UPT, respectively 
· 50% A-UPT performance is more sensitive to small cell on/off delay
· Proportion of increased delay of 50% UE is relatively higher than that of 5% UE
· 95% A-UPT performance may be less affected to small cell on/off delay
· High SNR UEs served by already turned on small cell without delay, and/or macro UEs
· Benefit from turned off small cell may be vanished due to the large delay for turning on the cell
· Impact of resource utilization
· Different degree of performance degradations due to small cell on/off delay for different resource utilizations
· For low RU, the probability that a newly arrived packet is assigned to a turned off small cell is high which leads to increased occasions in which on/off delay is applied causing performance loss 
· As RU increases, new packets subject to small cell turn on delay is reduced resulting in a smaller performance loss
· Additional impacts on small cell on/off operation
· From Case 2, it was observed that depending on how newly arrived packets are transmitted in conjunction with the small cell on/off process, different performance can be expected
· At least 400ms turn on delay is added for Case 2 if a new packet is arrived within turn-off process
· 4% additional loss is observed in mean A-UPT compared with Case 1
From simulation results, it is observed if small cell on/off delay is considered, the performance loss due to the additional delay cancels out the performance gain from reducing CRS interference. In order to achieve A-UPT gains by small cell on/off, further discussions on the methods and procedures to reduce delay time scales for small cell on/off are needed.
Observations
· Benefit from small cell on/off operation may not be achievable if there are large turn on/off delays are involved in the process
· Practical considerations of feasible time delay for small cell on/off should be taken into account to achieve the benefits of the introduction of small cell on/off techniques.
3 Conclusions
This contribution presents system level simulation results for small cell on/off with and without additional on/off delay in small cell scenario 2a. From the evaluation results in this contribution, the following observations are considered:

Observations
· Benefit from small cell on/off operation may be vanished due to large delay on turn on/off process
· Practical considerations of feasible time delay for small cell on/off should be taken into account to achieve the benefits of the introduction of small cell on/off techniques.
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