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1 Introduction

In last RAN1 meeting both subframe level small cell on/off schemes and semi-static on/off schemes are proposed for the further study and the agreement is:

Conclusion:

· Dormant mode based on current existing RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off.
Among the discussion papers, the remarkable gain is observed based on subframe level small cell on/off schemes, which may not be supported by the legacy UE. In addition, as the transition time increases, the performance gain becomes worse and even some loss could be observed. In this contribution, we provide evaluation results in SCE scenario #2a and the analysis of the impact of semi-static on/off transition time.
2 Evaluation results of small cell ON/OFF 
The legacy UE we mentioned includes rel-8 to rel-11 UE which might be different in capability and could be generally divided into CA-capable, dual-connectivity and others.  

For CA case the SCell and PCell is assumed to be connected via ideal BH. Both the small cell and a macro cell shall be RRC configured for the UE, with the small cell being a secondary cell to offload the data traffic. As the macro cell provides coverage and necessary signaling support, the small cell can be activated and deactivated on packet level. When a new packet request arrives,the small cell would be turned on. The small cell would shut down once the packet finishes. Hence small cell on/off with SCell activation/deactivation based procedure is suitable for small cell on/off with packet arrival/completion. The latency to activate/deactivate a small cell can be similar to that required to activate/deactivate a secondary cell by a UE, e.g. about 30ms which is the extra latency applied to each packet. In this case the small cell could behave on/off operation in a very dynamic manner, e.g. on the order of hundreds of ms. Note that small cell can be activated or deactivated without requiring extra specification support, since the backhaul is assumed to be ideal.

For dual-connectivity case it’s quite similar to CA capable UE except that the small cell on/off mechanism based on dual connectivity is applicable to deployment scenarios with non-ideal backhaul between the involved network nodes. Due to the non-ideal backhaul property, the latency applied to a packet due to small cell on/off is larger than the SCell activation/deactivation based procedure, e.g. 20ms

Another case is that UE without CA or dual-connectivity capability could only get service from one cell at a time. When the cell turns off the active UE should be offloaded to neighbor cells by HO or cell-selection. According to current specs, the procedures of reconfiguration/HO/activation/deactivation may take tens of milliseconds to a couple of hundred milliseconds. The current RAN3 specs already support static cell ON/OFF for energy saving. The eNBs communicate with each other and hand out the active UEs via X2 interface. The switched UE performs RRM measurement for HO and generally need several hundreds of ms to even several seconds. The performance loss is expected due to large latency. To reduce the latency dormant RS is proposed to aid the UE to measure the OFF-state BS. 
To model the CA and dual-connectivity UE, the 30~50ms transition time is used as the assumption of realistic on/off. We simulate the following cases based on the basic simulation assumptions in TR36.872 and DTX scheme is based on packet arrival/completion. The rest of the simulation assumptions are listed in the Appendix.
· Case 1(baseline): no DTX for small cells
· Case 2: Ideal DTX for Small cell, i.e. a small cell is ON only when it has traffic to transmit, which subframe level dynamic cell is ON/OFF.
· Case 3: Semi-static DTX with realistic transition (both ON to OFF and OFF to ON) time scales, 30ms or 50ms. CRS is not transmitted both in OFF-to-ON and ON-to-OFF processes
The following figures are UPT gains over baseline without DTX (in %) for different ON/OFF schemes and contain 5% UPT, 50%UPT, 95%UPT, and mean UPT. 
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	Scenario #2a, Mean UPT
	 Scenario #2a, 5% UPT
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Figure 1 UPT gain of different ON/OFF schemes over DTX implement (in %).
From the figures above, the following observations could be obtained.
Ideal DTX without on/off transition delay
· Mean UPT could by significantly improved by 31.7% ~81.4%.
· 5% UPT (cell edge user packet throughput) could be significantly improved by 33.5% ~99.2%.
· 50% UPT could be significantly improved by 44.0% ~128.3%.
· 95% UPT could be improved by 0.6% ~2.7%.
Semi-static DTX with 30ms on/off transition delay
· Mean UPT could by significantly improved by 19.1% ~45.9%.
· 5% UPT (cell edge user packet throughput) could be significantly improved by 27.9% ~64.2%.
· 50% UPT could be significantly improved by 31.9% ~78.5%.
· 95% UPT could be increased by at most 1.1%, or even cause 2.1% loss.
Semi-static DTX with 50ms on/off transition delay
· Mean UPT could by significantly improved by 15.2% ~33.6%.
· 5% UPT (cell edge user packet throughput) could be significantly improved by 9.8% ~63.0%.
· 50% UPT could be significantly improved by 26.6% ~60.1%.
· 95% UPT could be increased by at most 1.1%, or even cause 1.4% loss.
From the simulation results, we could observe that large gain is obtained with the introduction of ideal DTX and semi-static DTX with realistic transition time. With different load cases, the system performance varies: With low and medium load, although realistic on/off transition time could degrade the system performance compared with the ideal DTX, semi-dynamic DTX can also improve the cell edge user packet throughput and the mean packet throughput significantly. However, that will not bring much gain to the 95% UPT or even cause loss. In high load cases, the gain of packet throughput can also be observed, which may not be quite obvious. Simulation results are based on the best conditions which may not be realized (e.g. the CRS interference is not included during the ON-OFF process and the OFF-ON process). Hence, the throughput gain should be the upper bound which cannot be reached in realistic scenario, which should be considered. Even so, semi-static ON/OFF schemes could achieve significant gains and improve the system performance. 
Observation: Semi-static ON/OFF schemes could achieve significant gains and improve the system performance. 
As analyzed above, the semi-static ON/OFF scheme could bring significant benefits for CA or dual-connectivity UE while the other UE may need improved ON/OFF schemes due to large HO latency. To improve the performance the latency for other UE needs to be reduced.

Proposal: To improve the performance the latency for the UE without CA or dual-connectivity needs to be reduced.
3 Conclusion
In this contribution, cases of ideal DTX and semi-static DTX with realistic ON/OFF transition time are simulated and compared with the non-DTX case. The following observation is summarized and proposal is made.
Observation: Semi-static ON/OFF schemes could achieve significant gains and improve the system performance. 
Proposal: To improve the performance the latency for the UE without CA or dual-connectivity needs to be reduced.
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Appendix Simulation Assumptions
	Parameter
	Values

	Small cell configuration
	1 cluster of 10 small cells per macro cell area

	Traffic model
	FTP model 1
· File size: 0.5M bytes
· Arrival rate per node: 0.5, 1.0, 1.5 

	Metric
	Packet throughput

	System bandwidth 
	10 MHz at macro cell and 10 MHz at small cell

	CRS-IC
	CRS-IC not included

	OFF-to-ON transition latency
	30ms, 50ms

	ON-to-OFF transition latency
	30ms, 50ms
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