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1 Introduction
In the RAN #61 meeting, some open issues that RAN1 should study further were listed, including [1]:
· Efficient operation with introduction of features needed to support semi-static small cell on/off mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS.
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.
In the last RAN1#74bis meeting, we provided the performance of semi-static small cell on/off with different transition time scales in [2]. In this contribution, we give further evaluation results on small cell on/off in more realistic scenarios.
2 Evaluation results
The simulation assumptions are listed in Table A.1 in the Appendix. For SCE scenario 2a, the following cases are simulated:
· Case 1 (baseline): no on/off for small cells

· Case 2: semi-static on/off with transition time delays
To investigate the potential gain of small cell on/off, it is assumed in this contribution that all UEs are of Rel-12 which can fully support small cell on/off. In case 2, the cell is assumed to be turned only after some x ms delay if a new packet arrives in an off state small cell. Thus, the transmission starts until the cell is turned on, i.e. some transmission delay is introduced, which is considered in the UE packet throughput calculation. Note that this could be the case for example, UEs with dual connectivity capability, which is one of the mechanisms to support small cell on/off as discussed in our companion contribution [3]. Similarly, if there is no packet to be transmitted, the small cell is turned off after some y ms delay. If a new packet arrives during that y ms interval, the small cell is kept on. Different on/off delay values are simulated: off to on transition delay x ={20, 80, 200, 400, 1000} ms, on to off transition delay y={20, 50, 50, 50, 50} ms.

The traffic load is chosen to be medium; resource utilization (RU) of the baseline in the macro layer is about 35%. 0 MBSFN subframe is configured. Figure 1 and 2 show the UPT gains of small cell on/off with 4 and 10 small cells in a cluster over the baseline, respectively. Note that RSRQ CRE bias is 2 and 3 dB for 4 and 10 small cells in a cluster, respectively. The reason to have different bias is to maintain the same UE association ratio to small cells. In both cases, about 80% UEs are associated to small cells.
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Figure 1. Performance gains of small cell on/off with 4 small cells in a cluster
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Figure 2. Performance gains of small cell on/off with 10 small cells in a cluster
As discussed in our companion contribution [3], for instance, if the number of UEs served by a small cell is small but interference to neighboring cells is large, the network can decide to turn off that small cell. Before the small cell is actually turned off, the serving UEs would be handed over to neighboring cells. In this case, it is likely that neither the source cell nor the target cell for hand-over can transmit data for some time due to hand-over procedures. 
Another aspect of small cell on/off worth noting is that there may be a minimum on time interval for a turned on small cell. The reason is that UEs may not be able to detect and connect to the turned on small cell if that small cell is on only for a very short time interval. 

We modeled those two aspects of small cell on/off in the following simulations. A 20 ms fixed time interval is assumed with no data transmission during the small cell on-to-off process.  A 400 ms minimum on time interval is also assumed for small cell on/off. With those two additional restrictions, Figure 3 and 4 show the UPT gains of small cell on/off with 4 and 10 small cells in a cluster over the baseline, respectively.   
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Figure 3. Performance gains of small cell on/off with 4 small cells in a cluster and realistic restrictions
[image: image4.png]100.00%

80.00%

60.00% -

40.00% -

W 5% UE Throughput (Mbps)

20.00%
W Mean UE Throughput (Mbps)

F

0.00% -

-20.00%

-40.00%S

-60.00%





Figure 4. Performance gains of small cell on/off with 10 small cells in a cluster and realistic restrictions
From the above simulation results, we have the following observations:

· Compared to the baseline, small cell on/off with 4 or 10 small cells in a cluster shows significant gains in both average and edge UE throughput when off-to-on transition delay is less than or equal to 200 ms. 
· The gain of small cell on/off decreases as the transition time delay increases. There is a significant performance loss with large transition delay at 1000 ms, which is in the order of the delay time with existing RAN3 on/off mechanism. 
· The on/off transition delay time impacts more in the case of 10 small cells in a cluster than in the case of 4 small cells in a cluster.
· Performance impacts of realistic hand-over procedure and minimum on time interval are very small. In other words, semi-static small cell on/off does maintain performance gain even when realistic hand-over procedure and minimum on time interval considered.  
3 Conclusion
In this contribution, we give further evaluation results on small cell on/off with different transition time scales. Based on our results, we have the following observations and conclusion:
· Small cell on/off shows significant gains in both average and edge UE throughput when off-to-on transition delay is less than or equal to 200 ms. 

· The gain of small cell on/off decreases as the transition time delay increases. There is a significant performance loss with large transition delay at 1000 ms, which is in the order of the delay time with existing RAN3 on/off mechanism. 

· The on/off transition delay time impacts more in the case of 10 small cells in a cluster than in the case of 4 small cells in a cluster.

· Semi-static small cell on/off does maintain performance gain even when realistic hand-over procedure and minimum on time interval considered.  
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Appendix

	Table A.1 Simulation parameters for small cell deployment
　Parameters
	Scenario #2a

	　
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, wrap‑around
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Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46 dBm
	30 dBm 

	Distance-dependent path loss
	ITU UMa [referring toTable B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
	ITU Umi [referring toTable B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi [referring to Table B.1.2.1-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU UMi

	Antenna configuration
	2Tx2Rx in DL, 1Tx2Rx in UL,  Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	4, 10

	Number of small cells per Macro cell
	1*Number of clusters per macro cell geographical area

	Number of UEs 
	30 UEs 

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UE randomly and uniformly dropped throughout the macro geographical area. 80% UE indoor, 20% UE outdoor. 

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m

	Cell selection criteria
	RSRP for intra-frequency, RSRQ for inter-frequency with 2 or 3 dB CRE bias

	Traffic model
	FTP Model 1, λ=11

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m

	
	cluster center-cluster center: 100m
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