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1
Introduction
According to the outcome from RAN1-72bis, eNB dormancy related discussion will now mainly take place in small cell SI. Following conclusions have been made in the small cell SI in RAN1-72bis:

· Candidate techniques for further study are as follows, but not limited to:

· Small cell on/off

· A small cell can also refer to a component carrier when more than one component carrier is available

· Note that this work will continue under this SI, with the findings being taken into account in NCT WI later

· Enhanced power control/adaptation (for both downlink and uplink)

· Enhancement of frequency domain power control (e.g. RNTP) and/or ABS to multi-cell scenarios, including consideration of ePDCCH

· Load balancing/shifting (including cell association)

· Coordinated scheduling and beamforming with non-ideal backhaul

· Continue study in RAN1#73; can be transferred into a new WI (i.e. eCoMP) if one is approved at RAN#60

· For each of the techniques, further study including the followings:

· Feasible time scale (i.e. how fast or slow the technique is applied)

· Performance analysis/gain

· Necessary enhancement of mechanism and procedure, and additional measurements to help the network decision

· Consideration on its potential impacts on other system performance, for example, coverage, increased handover and signalling, energy consumption, possible impact on IDLE mode UEs

In this contribution, applicability of small cell on / off (i.e. eNB dormancy ) for the agreed small cell Scenario-1/2a/2b/3 is discussed and initial system-level investigation on eNB dormancy potential is also presented.  
2
Small cell on/off
Considering the large number of small cells in the future deployments, the importance of energy efficiency in the networks will play even larger role than before. In this respect eNB dormancy provides attractive opportunities as turning off the cell during quiet times helps in reducing unnecessary energy consumption. 

The design of eNB dormancy could target either full or limited backward compatibility. With fully backward compatible design, the legacy UEs could still camp on the small cell even if it is dormant, e.g. through aligning DRX pattern with eNB dormancy pattern, whereas for the limited backward compatible design, legacy UE will be re-associated to other neighboring cells when small cell eNB is about to enter the dormancy, so that UEs are only camping on the active cells. Generally, limited backward compatibility offers more flexibility to eNB dormancy design.

Another way to characterise dormancy is according to the feasible time scale, i.e. how dynamically cells can be switched on / off. Based on the work carried out earlier in the 3GPP, one could list some dormancy related techniques according to the time scale. 

· In one extreme, small cells can be turned on and off in a fully proprietary manner without any specification support. This kind of approach may be reasonable e.g. during night time, when the amount of offered traffic can be assumed to be low. The drawback of this solution is that the the mechanism is quite static and fits poorly the cases when there is even low load in a given geographical area.

· Operational Carrier Selection (OCS), as discussed in e.g. [1] provides further possibilities for turning on/off small cells, while having very modest specification impact without having any UE /L1 impact at all.

· In order to enable more dynamic on/off operation, further UE involvement into small cell on/off decision could be considered. In that context, discovery signals, enabling the UE to find the small cells during dormant times could be studied further [2]. 

· In the dynamic end, Stand-alone New Carrier type can be seen as the most ambitious approach to enable small cell on/off. However, as discussed in [3, 4], NCT involves also very significant modifications to specifications across multiple radio layers as well as implementation, and does not permit the legacy UEs to access the cell.  

From the above, one can observe a clear trade-off between the dynamics of the Small cell on/off switching time scale and the specification and implementation complexity. Moreover, the more dynamic on/off switching is supported, the larger is the impact on the legacy UEs. RAN1, along with other RAN WGs, needs to keep this fine balance between gain vs. pain carefully in mind when considering further work to better support small cell on/off switching.

Observation 1: There exists a trade-off between the supported time-scale for small cell on/off switching and specification / implementation complexity as well as impact on legacy UEs.
eNB dormancy configurations may be utilized in various small cell scenarios. This is illustrated in Table 1, where some opportunities to use eNB dormancy configurations in small cell Scenarios 1/2a/2b/3 are outlined:  

Table 1: eNB Dormancy Configurations for different Small Cell Scenarios
	Small Cell Scenario
	eNB dormancy configuration for different Scenarios

	Scenario-1

(Co-Channel)
	· Macro cell for legacy UE

· Small cell for Rel-12 UE

· Small cell could be configured as dormant cell

	Scenario-2a / 2b

(Non-Co-Channel,

Outdoor / Indoor)
	· Macro cell for legacy UE

· Macro cell as Pcell and Small cell as Scell for Rel-12 CA UE

· Macro cell or Small cell as Pcell for Rel12 non-CA UE

· Small cell could be configured as dormant cell

	Scenario-3

(Indoor, 

without Macro)
	· Small cell for Legacy UE and Rel-12 UE

· Part of small cells could be configured as dormant cells for Rel. 12 UEs


From Table 1, it is noted that in all scenarios, a small cell could be configured as a dormant cell when appropriate. 

For small cell Scenario-1/2a/2b with overlaid macro cell, the legacy UEs, lacking knowledge on small cell dormancy configuration, could be served primarily by the overlaid macro cell. On other hand, the Rel-12 UEs can be served by any suitable cell, including the small cells in eNB dormancy mode. In Scenarios 2a&2b, a small cell applying eNB dormancy could serve Rel-12 UEs either as Pcell e.g. for UEs not configured with carrier aggregation or as Scell in case of inter-site CA.   

In Scenario-3, legacy UE need to be served by a small cell, but on other hand, legacy UE is not able to access cell when dormancy is applied. However, it is possible to maintain service for legacy UEs through coordination of small cell dormancies so that legacy UEs are served by suitable active cells. 

Based on above discussion, we can make following observations:
Observation 2: A small cell could be configured as a dormant cell when appropriate in all small cell scenarios.
3
Evaluation on eNB Dormancy Energy Saving Potential
To illustrate the potentials of eNB dormancy in terms of energy saving, system-level simulations were conducted. The simulations focused on FTP traffic model and small cell Scenario-2a. In the simulations, low, medium and high load situations were modelled with UE arrival rates of 10, 60 and 100 UEs/s, respectively, resulting in offered load of 5 Mbps, 30 Mbps and 50 Mbps.  Detailed simulation assumptions can be found in Table 2 in the Appendix.

Statistics on subframes without any load were collected for small cells. With this we mean the DL subframes that do not convey any user data packet. The portion of such “empty” small cell subframes is presented in Figure 2. The figure can be understood to present the available space, or ultimate upper bound, for energy saving via eNB dormancy. 
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Figure 2: Ratio of subframes without any user data on small cells in Scenario-2a
As it can be seen from Figure 2, there is a great potential for eNB energy saving at low traffic load. It is natural that with increasing traffic load more subframes are allocated for data packet transmission, and any eNB energy saving potential is considerably shrinking. Furthermore, the presented results consider only DL traffic as such; DL control support for UL traffic will also decrease the potential to some extent. Nevertherless, we can make following observation:
Observation 3: There is energy saving potential for eNB dormancy especially in low traffic load case, due to high portion of subframes not carrying any user data. 

4
Conclusion
In this contribution, considerations of eNB dormancy for small cell applications have been discussed and the system-level investigation of eNB dormancy potentials has also been conducted. According to our analysis, we have the following observations:

Observation 1: There exists a trade-off between the supported time-scale for small cell on/off switching and specification / implementation complexity as well as impact on legacy UEs.
Observation 2: A small cell could be configured as a dormant cell when appropriate in all small cell scenarios.
Observation 3: There is energy saving potential for eNB dormancy especially in low traffic load case, due to high portion of subframes not carrying any user data. 
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Appendix

Table-2: Simulation Assumptions
	Parameters
	Value

	Network Layout
	500m Macro-Layer ISD

	Cell Layout
	7 Macro-Sites, Wrap-Around

	Traffic Model
	FTP Model-1

	UE Placement
	2/3 UEs inside the cluster, the remaining UEs are uniformly distributed with the Macro-cell area; 20% outdoor users

	Transmit Power
	Macro: 46dBm; Pico: 30dBm

	Bandwidth
	Macro: 10MHz at 2GHz; Pico: 10MHz at 3.5GHz (Scenario-2a)

	Antenna Gain
	Macro: 17dBi; Pico: 5dBi; UE: 0dBi

	Antenna Pattern
	Macro: 3D (TR36.814); Pico and UE: Omni

	Pathloss
	Macro to UE: ITU UMa; Pico to UE: ITU UMi (TR36.814)

	Shadow Fading
	Macro to UE: ITU UMa; Pico to UE: ITU UMi (TR36.814)

	Cell Selection Criteria
	RSRQ (Scenario-2a)

	Macro Antenna Downtilt
	15 degree

	Min. Inter-cluster Distance
	100m

	Cluster Radius
	50m

	Radius of Cluster for Dropping UE
	70m

	Min. Distance btw Macro and Cluster
	105m

	Min. Distance btw small cells
	20m

	Distance btw UE and eNB
	Macro: 35m; Pico: 5m

	Number of clusters per Macro
	1

	Number of small cells per cluster
	4

	Small cell Scenario
	Scenario-2a

	Packet Scheduler
	Round-Robin

	Cell Range Extension
	0dB


