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1
Introduction
In this contribution, we consider hyper dense small cell deployments and discussed aspects to be studied further identified at RAN 1 #72bis [1]. The focus of this contribution is on techniques to turn small cell on and off. 
2
Opportunistic small cell activation

Opportunistic activation and deactivation of small cells has been identified as one of the candidate technique [1] for hyper dense deployments of small cells. In this contribution, we discuss the following aspects [1]:

· Feasible time scale
· Performance analysis/gain

· Necessary enhancements of mechanism and procedure, and additional measurements to help the network decision
· Potential impacts on coverage, increased handover and signaling, energy consumption and IDLE mode UEs
We have proposed opportunistic small cell activation in [2], where we have shown that for Small Cells Scenario 1, and for a typical 50% loading of the network, 40% or larger gain on the cell edge and median can be achieved with opportunistic cell dormancy.

2.1 Feasible Time Scale

The simulations results that we presented in [2], assume instantaneous activation and deactivation of small cells. If there is traffic data in its buffers, small cell eNB, transmits data together with the CRS. If there is no data in the buffers, CRS is not transmitted. This method assumes instantaneous cell activation and deactivation. Effectively, cell dormancy is implemented on a subframe level. In our view, UE needs to be able to cope with subframe level dormancy. It would be up to eNB implementation whether dormancy is implemented on a slower time scale.
Fast dormancy could have impact on RRC_IDLE mode UEs as well as on RLM procedure. These issues can be avoided if cell dormancy is implemented on Scell only. We do not perceive this as a limitation since it is reasonable to assume that there is a macro layer that provides coverage and macro eNBs would not implemented cell dormancy. Without significant standards changes, opportunistic activation and deactivation of cells is appropriate only for small cells that provide on demand capacity. 

2.2 Performance analysis/gain

Increasing the number of nodes per unit area is an effective mechanism to significantly reduce or eliminate coverage holes in the network. However, hyper-dense deployment of small cells can create interference issues, where UEs experience interference from a large number of sources.
We quantified the benefits of cell dormancy by evaluating system throughput performance in [2] and we show them in Table 1 for FTP model 1. The results in the table summarize results for 50% loading. We consider co-channel case with outdoor pico cells (Scenario 1) from the evaluation methodology [3]. Note that in this scenario, significant performance gain can be achieved with fast dormancy. We noticed that if slow dormancy is considered where cells are turned off after 20 seconds of inactivity, deactivation of small cells did not occur due to UE activity and the results are practically the same as without cell dormancy. In these simulations, when not served by macro eNB, each UE was associated with a closest small cell.
Table 1: Scenario 1: 1 cluster with 4 picos; no ABS and no CRE configured, TM4.

	
	User 50% throughput (Mbps)
	User 5% throughput (Mbps)
	User mean throughput (Mbps)
	User 95% throughput (Mbps)
	Macro cell area throughput (Mbps)
	Macro Loading
	Pico Loading

	Without cell dormancy
	15.22
	2.56
	20.96
	57.14
	35.56
	0.52
	0.31

	With cell dormancy
	21.91
	4.05
	26.64
	64.51
	35.56
	0.44
	0.24

	Potential cell dormancy gain
	1.44x
	1.58x
	1.27x
	1.13x
	
	
	


Proposal 1: It should be possible for the eNB to apply cell activation and deactivation procedure on a subframe level. 

2.3 Cell dormancy procedure 
We had proposed in [2] to utilize UL signals so that a dormant eNB can detect presence of nearby UEs. In our view we should focus on PRACH based method due to the robustness to timing offsets on uplink. PRACH transmission on UL can be triggered by PDCCH order for Rel-8 UEs. However, PDCCH order also implies random access procedure and in our view we should optimize the procedure for Rel-12 UEs. Obvious potential improvement to the random access procedure is that UE does not necessarily execute entire random access procedure, but simply transmit single (or more if configured) PRACH signature sequence upon receiving PDCCH order. The call flow for the enhanced PRACH procedure is illustrated in Figure 1.
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Figure 1: PRACH based detection of UEs for dormant cells.

Proposal 2: Optimize PRACH based method to detect presence of UEs by dormant eNBs.

2.4 Potential impacts on coverage, increased handover and signaling, energy consumption and IDLE mode UEs

Opportunistic cell dormancy can have impact on coverage, mobility, energy consumption and RRC_IDLE mode UE behaviour. 
Coverage: Cell dormancy should not be utilized when there is a potential for creating coverage holes. In our view, cell dormancy is an attractive technique when there is a macro layer that provides coverage and opportunistic cell activation and deactivation is utilized to provide increased capacity based on the current demand, while minimizing energy consumption, interference and handover rate. Cell dormancy should not be utilized on a macro layer that provides coverage due to the risk to create coverage holes.

Mobility: Deployment of more nodes is going to increase the number of handovers in the network. As a consequence, not only that the user experience may be compromised (due to increased probability of radio link failures), but there could be increase in signaling load on the network and also increase on the backhaul load due to more frequent forwarding of the user data buffered at the eNB. Cell dormancy can improve mobility performance as the number of active cells can be minimized.

Energy savings: Deployment of large number of eNB obviously increases power consumption of the network. Some of the active eNBs are likely not serving any UEs and therefore transmitting overhead channels for no good reason. Moreover, battery consumption on the UEs side would be negatively impacted as UEs would be able to detect larger number of cells and therefore spend more time performing measurements instead of transitioning into sleep mode and saving battery power. Cell dormancy can enable energy saving at both the UE and the network side. 

RRC_IDLE UEs. In our view, cell dormancy would have negative impact on RRC_IDLE UEs due to the fact that each activation and deactivation of a cell can potentially trigger idle mode reselection procedure, which negatively impact battery life at the UE and potentially increases probability of missed pages. For that reason, our view is that cell dormancy should not be implemented on a coverage macro layer, but rather only on small cells layer, optimized to provide capacity. 
3
Conclusions 
In this contribution, we discussed the mechanisms for efficient small cell operation. We also propose to focus on fast cell dormancy and consider optimizing PRACH procedure of UE proximity detection by dormant small cells. 
Proposal 1: It should be possible for the eNB to apply cell activation and deactivation procedure on a subframe level.  
Proposal 2: Optimize PRACH based method to detect presence of UEs by dormant eNBs.
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