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1
Introduction
In this contribution, we consider hyper dense small cell deployments, where large number of small cells is deployed within coverage of a macro cell. We consider the challenges that come with such deployments and propose mechanisms to be studied for more efficient network operation.    
2
Hyper dense deployment of small cells
Hyper dense deployment of small cells could potentially provide significant capacity gain compared to traditional macro/pico deployment where relatively limited number of pico cells (approximately 4-10) are deployed within coverage of a macro cell. A hyper dense network example is illustrated in Figure 1. These small cells can be deployed in a planned manner or unplanned manner (through SON functionality). 
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Figure 1: Hyper dense network example.

Having large number of cells can provide significant increase in available network capacity. However, these deployments can create challenging radio environment and it is necessary to study whether physical layer enhancements are needed [1]. Large number of eNBs in relatively small area is likely to create mobility and interference issues and may also negatively impact UE battery consumption. 

2.1
Potential challenges with hyper dense networks
While network densification is an effective way to increase capacity of a wireless network, it also comes with its own set of challenges. 
2.1.1 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 load on the backhaul due to more frequent forwarding of the user data buffered at the eNB.

2.1.2 Interference 

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. feICIC techniques standardized in Rel-10 and Rel-11 can be utilized to combat interference. These techniques were adopted as they have been shown to perform very well in heterogeneous network environments when moderately large number of picos is deployed within a macro network (~10 picos per macro cell area). However, if the number of interfering cells significantly increases feICIC techniques alone might not be sufficient.  

2.1.3 Power consumption

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. 
2.2
Network techniques for hyper dense networks  
In order to address the challenges introduced by hyper dense networks, we propose to study new network techniques that would enable optimization of network topology and parameters.
2.2.1 Dormant eNB concept

A relatively simple mechanism that would enable the network to address all the issues described in Section 2.1 is to utilize the concept of dormant eNB. This concept has already been introduced in the context of energy savings study item [2]. We think we should study further this idea in the context of hyper dense networks and consider possible optimizations. The main idea is that the dormant eNB does not transmit any signal on downlink, but it can be configured to receive signal on UL. Monitoring UL transmissions of near by UEs would enable dormant eNB to detect the presence of UEs in its proximity and therefore provide with an indication that there might be need for capacity in network at the geographical area that dormant eNB can cover if activated. 

While in dormant mode, eNBs do not transmit any overhead signals on DL and therefore are not detectable for nearby UEs. Since the cell is not detectable, it is not reported and handover is not triggered and therefore handover rate is reduced, and user experience improved. The interference is also reduced and there are power savings both on the network and UE sides. If however, network is highly loaded and additional capacity is needed, it would be desirable to activate dormant eNB and offload traffic to new cells. 

The dormant eNB concept can be realized in a fully backward compatible fashion if some of the existing UL signals are utilized to detect proximity of active UEs by the eNB. Candidate signals have been summarized in [3]
· UE sending a random access preamble on serving cell PRACH resources, to be detected by dormant eNB 

· Uplink channel sounding (i.e. SRS measurements) of UE detected by dormant eNB

· Uplink UE DMRS detected by dormant eNB
In our view we should focus on PRACH based method due to 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 study whether any optimizations need to be introduced for Rel-12 UEs. Obvious potential improvement to the random access procedure is that UE does not necessarily execute random access procedure, but simply transmit single PRACH signatures sequence upon receiving PDCCH order, executing the procedure followed for aperiodic or periodic triggering of Sounding Reference Signal (SRS).  
Proposal 1: Focus on PRACH based method to detect presence of UEs by dormant eNBs.
Proposal 2: Study optimization techniques for PRACH based method.
As we indicated above the main difference between this and the pre-existing study [2] and the dormant eNB mode discussed here is more efficient support for detection of near by UEs and potentially more dynamic nature of the state transitions in the latter case.  
2.2.1.1 System Performance with Cell Dormancy 

We quantify the benefits of cell dormancy by evaluating system throughput performance. We consider co-channel case with outdoor pico cells (Scenario 1) from the evaluation methodology [4]. Performance is evaluated for a scenario when cell dormancy is not implemented and compared to idealistic cell dormancy performance when a cell can be turned on and off on a subframe level depending on whether it has data to transmit or not.  Table 1 and Table 2 summarise potential gains that can be achieved with cell dormancy for a deployment of 1 cluster with 4 and 10 picos per macro cell area, respectively.
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
	
	
	


Table 2: Scenario 1: 1 cluster with 10 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
	14.54
	3.23
	19.34
	51.9
	53.33
	0.51
	0.26

	With cell dormancy
	21.05
	4.86
	25.44
	60.62
	53.33
	0.41
	0.19

	Potential cell dormancy gain
	1.45x
	1.5x
	1.32x
	1.17x
	
	
	


As it can be seen from the results, significant gains can be achieved with cell dormancy. It is unclear to us at the moment what fraction of the system performance gain would be preserved if the cell dormancy procedure is slowed down and delay is introduced for both cell activation and cell deactivation. For that reason we propose to further study and compare semi-static to fast per traffic burst cell dormancy.
Proposal 3: Study the benefits of per traffic burst fast cell dormancy.  
2.2.2
Transmit power management
Another technique for efficient operation of small cells is transmit power management, e.g., adjustment of power using network listen and UE reports and transmit power coordination between small cells over backhaul. As we discussed in Section 2.1, when large number of small cells are deployed in a region, UEs may not only undergo many handovers, they may also experience poor mobility performance (e.g., handover failures) and poor SINR due to interference from many cells.  Consequently, the increase in number of handovers and handover failures increases signaling load on the network. Degraded SINR results in reduction in user throughput. As we discussed above eNB dormancy can address these problems. However, to fully optimize network performance, further improvements, such as transmit power management should also be considered. For example, small cells can self-calibrate their transmit power to mitigate inter-cell interference and improve coverage quality, which reduces the number of handovers and handover failures and improves user throughput. Small cells can co-ordinate their transmit power (along with time/frequency resources) with other small cells to ensure best possible coverage, capacity and mobility performance.
Proposal 4: Study the benefits of small cell transmit power calibration and coordination techniques.
3
Conclusions 
In this contribution, we discussed the mechanisms for efficient small cell operation. We also propose to study cell dormancy optimization techniques and small cell power self-calibration mechanisms. 
Proposal 1: Focus on PRACH based method to detect presence of UEs by dormant eNBs.

Proposal 2: Study optimization techniques for PRACH based method.

Proposal 3: Study the benefits of per traffic burst fast cell dormancy.  

Proposal 4: Study the benefits of small cell transmit power calibration and coordination techniques.
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