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1 Introduction
In 3GPP TSG RAN #58 meeting, the study item of “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” was approved for Release 12 study [1]. In particular, it specifies the operation efficiency improvement as a focus area:
· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· Mechanisms for efficient discovery of small cells and their configuration. 

In this contribution, potential technologies for operation efficiency improvement and the associated evaluation assumptions will be discussed. For general channel characteristics and evaluation metrics, refer to the companion contribution [3].
2 Potential technologies and evaluation assumptions

In [3], several deployment scenarios are prioritized:
Table 1. Priorities of the deployment scenarios and focused techniques
	Spatial 
	distribution
	1: Hot spots
	2: Hot zones
	3: One contiguous hot area

	Scenario
	
	
	
	

	A: Small cells with non-co-channel macros 
	High priority, standard impact covered by C-1 
	High priority, focusing on operation efficiency improvement study
	Low priority for small cell enhancement study (future extension) 

	B: Small cells with co-channel macros 
	Low priority for small cell enhancement study (Studied in Rel-10/11 (F)eICIC work)
	Medium priority, focusing on operation efficiency 
	Low priority, need to resolve severe interference issues

	C: Small cells without macros 
	High priority, focusing on spectrum efficiency improvement (e.g., 256 QAM) 
	Low priority, standard impact covered by A-2 and C-1 
	Low priority, limited use cases


These scenarios are much broader and richer than those in Rel-10/11 studies. With the new scenarios, it is expected that technologies beyond those identified in Rel-10/11 (e.g., (F)eICIC and CoMP) should be considered.
The potential technologies may fall into two categories: interference avoidance and coordination mechanisms, and mechanisms for efficient discovery/listening. In what follows, these categories will be described/discussed, and the essential and specific assumptions based on which the performance gains may be evaluated will be proposed.
2.1 Interference avoidance and coordination mechanisms

The foundation for any interference avoidance and coordination mechanism is to understand the associated interference conditions. The different scenarios listed in Table 1 are very likely to have different interference conditions. The first step is to reach a conclusion on the interference condition for each deployment scenario. Generally, there may be two types of interference conditions:
· Type 1: Mainly one or two dominant interferers. This may be the case for, e.g. Scenarios with spatial distribution 1, especially scenario B-1. This has been seen in Rel-10/11 (F)eICIC study in which the macro(s) is (are) the dominant interferer(s).
· Type 2: Several strong interferers without apparently dominant ones. This may be the case for, e.g. Scenarios with spatial distribution 2 and 3.

Clearly, different types of interference avoidance and coordination mechanisms should be used for each type of interference conditions. 
2.1.1 Mechanisms for Type 1 interference 
The mechanisms may include eICIC-like solutions, interference cancellation (IC), etc. However, further generalizations of the existing eICIC-like solutions may be needed for Rel-12 small cell enhancement study. Note that IC may be studied as another topic and will not be included in small cell enhancement study item.
One reason for the need of the generalizations is the various backhaul connections in existence [2], ranging from very low latency (2ms) to very high latency (60ms). The existing eICIC-like solutions have very low requirements on backhaul connections, but they may not be able to fully utilize what the backhaul connection can offer. Therefore, new mechanisms are desired so that, if a backhaul connection with a lower (but not ignorable) latency is available, performance improvement can be obtained.

One potential mechanism is to generalize the concept of eICIC (i.e., semi-static blanking the macro transmissions), allowing semi-statically blank the macro in the spatial domain so that the UEs served by small cells can experience reduced interference, and the spatial information needed for the blanking is carried over the backhaul.
2.1.2 Mechanisms for Type 2 interference 
With Type 2 interference, eICIC-like or IC solutions may not be very beneficial. Muting/removing one or two interferers does not significantly reduce the interference. Besides, as pointed out in TR 36.932 [2], small cell deployment is likely to have traffic fluctuation and user distribution fluctuation in spatial/temporal domains, which lead to a significant interference fluctuation. Note that the traffic variations may be expected in a small cell deployment, in spatial domain, temporal domain, and transmission direction (UL or DL). 
In addition, other interference issues, such as UL interference (e.g. interference caused by RACH), interference on common channels, interference caused by non-compatible UEs/carriers, etc., may also need to be revisited and studied. 

The mechanisms may include
· Network adaptation, which may be done through adaptive on/off switching of small cells, carrier selection for small cell, and etc.
· Load shifting, which may be done through adaptive UE-cell association and multi-carrier selection for UE, and etc.
For example, by using network adaptation and/or load shifting, a strong interferer (called Cell 1) may offload some of its traffic to neighboring small cells  or non-co-channel macro cells so that Cell 1’s PDSCH transmissions may be reduced, thus reducing the inter-cell interference to other cells’ UEs. As a special case of this example, if Cell 1 is a small cell, it may even offload all its traffic to neighboring cells and then turns off. In this case, the concept of “load balancing” should be replaced by a more general notion of “load shifting”.  Of course the impact of such mechanisms needs to be carefully evaluated to ensure that the overall network performance can be improved.
A side effect of network adaptation and load shifting is that it may lead to some interference fluctuations in some cases, though it can reduce interference fluctuations in other cases. Therefore, it may be beneficial to study enhanced interference measurements and prediction so that undesirable adaptation may be avoided. Furthermore fast adaptation, such as the fast carrier selection and corresponding enhancements, (e.g., the radio-interface measurement as well as interference prediction) may bring benefit by exploiting these interference fluctuations and could be regarded as one potential mechanism for interference avoidance and coordination among small cells.
2.1.3 Discussions on evaluation assumptions

Based on the above discussion of the potential techniques for operation efficiency improvement, important aspects of evaluation assumptions are discussed in the following.
· Backhaul latency

In evaluating a proposed mechanism, a range of backhaul latency values may be swept, and generally a better performance should be expected with lower backhaul latency.

Proposal 1: Evaluate network performance with 2ms to 60ms one-way backhaul latency.
· Traffic models

For the simulation assumption aspect, based on the above discussions, we consider full-buffer traffic not realistic enough in this study. It is suggested to focus on non-full buffer traffic.

Proposal 2: Focus on non-full buffer traffic. 
· Simulations with temporal traffic variations and/or network adaptation
One way to evaluate the impact of temporal traffic variations and/or network adaptation is to run simulations long enough; however, the simulations may become too cumbersome. Alternatively, multiple snapshots of shorter simulations may be carried out with different traffic loads and semi-static network topologies, which may be the preferred approach. In other words, we may sweep the traffic loads in simulations with semi-static network topologies, by varying the traffic arrival rate and/or file sizes and/or number of users. In either way, fast adaptation, such as fast carrier selection, should be allowed.
Proposal 3: (Snapshot method) Evaluate performance for a range of traffic loads and semi-static network topologies, with fast adaptation allowed in each snapshot. 

· Common/broadcast channel modeling

Inter-cell interference may contain a persistent part, namely the interference due to common/broadcast channels (e.g., CRS), independent (or varying less) with the traffic/scheduling. This type of interference may degrade the performance substantially, which was observed in eICIC study, and the impact may be even more severe if the number of small cells increases. Therefore, it is needed to model the interference due to common broadcast channels.

To simplify the modeling in system-level evaluations, one solution is to include a “persistent averaged interference” whose level is constant and proportional to the fraction of time/frequency resources used for common broadcast channels. In LTE releases, the fraction may vary from about 10% to 35% (due to differences in, e.g. number of antenna ports, control region sizes, etc.).

Proposal 4: Model the impact of common/broadcast channels (e.g., CRS).
· Small cell on/off switching
It may not be straightforward for 3GPP to reach a consensus on the definition of a small cell being turned off; technical questions may arise, such as whether the common/broadcast channels (e.g. CRS) are still transmitted and whether the small cell can still receive from air interface and/or from backhaul, etc. For evaluation purpose only, it is suggested to evaluate more than one possibility, such as if a small cell’s PDSCH transmission is turned “on”, its common broadcast channels accounts for x% of the total time/frequency resources, and when the PDSCH transmission is turned “off”, the percentage changes to (x% where ( may belong to {0,0.5,1}. Here (=1 means that the small cell turns off only PDSCH and still transmits the same amount of common broadcast channels, (=0.5 means that the small cell turns off PDSCH and in the meantime some other overhead (such as DMRS, PDCCH) is also reduced, while (=0 means that the small cell turns off all DL transmissions completely. 
The on/off switching may not be done with high frequency. If the snapshot approach mentioned above is adopted, then it makes sense to perform the on/off switching only at the initial cell selection phase. The small cells keep their decided on/off status until the end of each simulation snapshot. However when the small cell is kept on and multi-carrier deployment is associated with this small cell, the carrier might be on or off with high frequency considering the possible interference fluctuations as described before.
Proposal 5: If the snapshot method is used, perform the on/off switching only during the initial cell selection phase of a simulation.
2.2 Mechanisms for efficient discovery/listening
Mechanisms for discovery/listening and enhancement may include new measurements and even new RS designs. The two closely related aspects are small cell discovery (small cell identifications and configurations are discovered by UEs) and network listening (cell identifications and configurations are discovered by other cells).
1) Small cell discovery
In small cell deployment, macro and small cells could be in separate frequencies, and the density of small cells is quite different from the legacy macro network. It is crucial for UE to be able to efficiently detect its surrounding small cells with some time constraint satisfied. The current UE capability may not be sufficient for this new cell discovery challenge. We propose to study this new discovery scenario and reach some agreement on discovery requirements, such as the number of small cells and the maximum detection time for UE to discover [4]. In addition, system simulation could produce the typical interference statistics and provide input parameters (geometry and DIP profile) to link level simulations. Then legacy signals (SS, CRS and CSI-RS) and UE discovery capability should be evaluated under the new interference condition and requirement to decide their usefulness through link level simulation if needed. New discovery signal design is needed if it is determined that the legacy signal and UE capability are not sufficient. In that case, the new discovery signal should satisfy all the new requirements and also take the UE power consumption, synchronization condition, and network assistance into consideration. 
2) Network listening
One cell may directly listen to another cell via air interface to quickly identify the cell and its configuration. The purposes for doing so may include interference coordination and achieving radio-based synchronization [5][6][7]. The configuration information may include timing information, TDD configuration, carrier usage information, and so on. New measurements and RS designs may be needed. The requirements on the time scale to detect interfering cells’ configurations and configuration changes should be determined. Similar to the evaluation of small cell discovery, statistics and inputs based on system level evaluations may be fed into link level simulations to determine the effectiveness of new measurements and RS designs.
Proposal 6: Reach an agreement on the performance requirements of the discovery/listening (e.g. number of small cells needed to be discovered and time constraints, the necessary minimum time scale to detect interfering cells’ configuration change, etc).
Proposal 7: Use link-level simulations to evaluate discovery/listening performance of legacy and/or new mechanisms, based on the inputs from system-level simulations.
3  Conclusion
This contribution discussed potential technologies for operation efficiency improvement and evaluation assumptions. The following are proposed and the associated simulation assumptions are captured in Appendix.
Proposal 1: Evaluate network performance with 2ms to 60ms one-way backhaul latency.
Proposal 2: Focus on non-full buffer traffic. 
Proposal 3: (Snapshot method) Evaluate performance for a range of traffic loads and semi-static network topologies, with fast adaptation allowed in each snapshot.
Proposal 4: Model the impact of common/broadcast channels (e.g., CRS).

Proposal 5: If the snapshot method is used, perform the on/off switching only during the initial cell selection phase of a simulation.
Proposal 6: Reach an agreement on the performance requirements of the discovery/listening (e.g. number of small cells needed to be discovered and time constraints, the necessary minimum time scale to detect interfering cells’ configuration change, etc).
Proposal 7: Use link-level simulations to evaluate discovery/listening performance of legacy and/or new mechanisms, based on the inputs from system-level simulations.
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Appendix: Proposed simulation assumptions for DL small cell enhancement operation efficiency improvement
Table 2. UE and traffic modeling

	Item
	Parameters/description

	UE distribution
	Refer to configuration 4b, TR 36.814

	UE speed (km/h)
	3

	UE Rx antenna number
	2

	File arrival rate per UE (#/s)
	0.1, …, 2, 2.5 

	File size (Mbytes)
	0.5, 1, 2

	Traffic variation
	Modelled by sweeping a range of UE density and/or file arrival rate through multiple snapshots evaluation. 
Traffic is fixed within each snapshot. 
Total simulation time ( 10 seconds


Table 3. Network modeling

	Item
	Parameters/description

	Scenario
	A, B, or C, Baseline A-2

	Number of carriers
	Baseline: 1 or 2

	Macro deployment/channel model
	Case 1 with UMa, referring to Table A.1-1 in TR36.819

	Small cell deployment
	Spatial Distribution 2 (clustered) [5]
· One small cell cluster per Macro-sector
· Number of small cells per cluster: 10
· Radius of small cell cluster: 40m
· Minimum distance between small cells: 20m
· Minimum distance between small cell and UE: 5m

	Small cell channel model
	UMi model for outdoor deployments, referring to Table A.1-1 in TR36.819

	Common broadcast channels
	Fraction of time/frequency resources: x (=10%~35%) when a cell is on, and (x ((=0, 0.5, or 1) when a small cell is off
The resources used for common broadcast channels cannot be used for data transmissions

The interference from a cell’s common broadcast channel is modelled as an averaged interference, i.e. no small scale modelling in either the time domain or frequency domain

	Small cell on/off switching
	Determined only at the initial cell selection stage if multiple snapshots are simulated, otherwise dynamically determined

	Backhaul
	One way latency 2~60ms. Proposed schemes should support a range of backhaul latency values, with improved performance at lower latency
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Figure 1 Illustration of clustered small cell deployment
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