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1
Introduction

At RAN1#73, several contributions discussed the potential benefit of a mechanism allowing a small cell to turn its transmissions off when no UE is served for interference reduction purposes. While significant potential performance gains in terms of throughput were shown [1], there was no conclusion on the relative merits of the different candidate enabling mechanisms.
This contribution identifies and analyzes the different solutions on the table for enabling this feature, and recommends a way forward.

2
Mechanisms for On/Off operation
The introduction of an enhancement allowing the reduction or elimination of transmissions from an unused cell is motivated by the significant interference reduction that this can bring in a dense deployment of small cells. The reduction of interference may be significant when small cells are deployed in their own frequency band (e.g. Scenario 2) since an unused small cell may be a significant contributor of interference to neighboring UE’s, and because the probability of a small cell not being used is naturally high in such deployments. The probability may even increase further if load shifting strategies are implemented by the network.
At a high level, reduction of transmissions can be achieved using the following mechanisms:
· Use of MBSFN subframes to avoid CRS transmissions

· Deploying NCT in the Small Cell layer

· Stopping or resuming normal cell transmissions based on whether there is a UE to serve

MBSFN subframes

The first mechanism (MBSFN subframes) can significantly reduce the interference from CRS compared to a situation where no MBSFN subframe is used. The main benefit of this mechanism is that it does not require change to the specifications and is therefore fully backward compatible. On the other hand, there are also some significant drawbacks. First, the fraction of subframes that can be MBSFN subframes is limited (and not all CRS transmission is eliminated in a MBSFN subframe), such that the maximum potential interference reduction gain is not achievable. In addition, the number of MBSFN subframes cannot be changed rapidly which could result in some restrictions in case the number of UE’s requiring a CRS transmission mode increases rapidly.
New carrier type

The second mechanism (NCT) would also result in a significant reduction of interference from CRS as in this case the CRS is replaced by a new RS that is much sparser in time and frequency, achieving close to the maximum potential interference reduction gain. The main issue with the NCT is that it is not backward compatible with legacy UE’s in idle or connected mode. In case multiple carriers are available in the small cell layer, NCT could be deployed as Scell only but the gain would not be achieved in all carriers.
Small cell On/Off operation

The last mechanism involves the introduction of two states for the small cell, On and Off. During the On state the cell transmits all normal signals, while during the Off state the cell transmits no signal or a reduced set of signals. Different variants of this principle have been proposed depending on the exact trigger to determine when there is a UE to serve, the identification of the small cell, and the timescales involved. One general issue is that the latency between the time the network determines that a cell should be switched from the Off to the On state, based on a UE resuming activity, and the time that the cell in On state can actually be used, may be of the same order of magnitude or even larger as the duration required for the transmission or reception of the data burst itself. For instance, the simulation results show that reception of a data burst of 0.5 MB assumed in the NFB traffic model used in the evaluation can typically be completed within a duration of the order of ~200 ms (e.g. [1]). On the other hand, the analysis available from the email discussion [73-04] on the feasible time scale of small cell On/Off indicates that the time required to reconfigure a UE to start using a small cell is around 100 ms even if the small cell is already identified and measured. It is obvious that this additional latency may easily negate the throughput benefits brought by the reduction of interference from the UE perspective. As a result, a practical network would likely need to use very conservative timers in the decision to switch a cell to an Off state, which reduces the interference reduction benefit.
Observation: the latency required to start operating in a small cell from Off state is of the same order of magnitude as the time required to transfer a data burst of 0.5 MB in Scenario 2a.

Another concern with the introduction of an Off state is that the small cell that is to be switched back to the On state needs to be identified. Two competing mechanisms may be envisioned for this purpose. One involves the candidate small cells receiving an signal transmitted by the UE upon reception of a trigger from the network (UL-based identification [2]), while the other relies on the UE measuring and reporting a discovery signal transmitted from an Off small cell with a relatively low duty cycle (DL-based identification). 
A drawback of the UL-based identification is that it may require the small cell equipment to have the capability of receiving in the frequency band of the macro layer, which increases the cost and size of the network equipment. Another problem is that idle UE’s that are not also under coverage of another cell (such as a macro cell) cannot be supported, i.e. coverage holes may be created. 
The DL-based identification mechanism overcomes the last issue for new UE’s capable of receiving the discovery signal, if the small cell also transmit other signals (paging, system information) required for idle mode operation. On the other hand, DL-based identification obviously introduces some complexity due to the need of defining a new type of measurement on the discovery signal. Such measurements are required to ensure that the network can determine the best candidate small cell when the UE moves or resumes activity.
Observations:

· UL-based identification requires that small cell equipment can receive in UL frequency of macro layer

· UE’s in idle mode are not supported with UL-based identification without macro coverage

· Legacy UE’s in idle mode are not supported with DL-based on UL-based identification (without coverage from another cell)
· DL-based identification involves the introduction of new types of measurements based on a discovery signal
3
Discussion
When comparing between the three high-level alternatives identified for minimizing interference from unused small cells (MBSFN, NCT or Small Cell On/Off), the one offering the highest performance benefits in view of the above considerations is the introduction of (standalone) NCT in the small cell layer. The main reason is that NCT does not require any special adaptation as a function of traffic activity to avoid transmission of the main source of interference from unused cells (i.e., CRS). The penalty compared to the other alternatives is the lack of backward compatibility, although the Small Cell On/Off also suffers from some limitations from this perspective (i.e. lack of support for legacy UE’s in idle mode). One possibility to alleviate the backward compatibility issue could be to only deploy NCT’s as Scells, however this would not allow the system to maximize spectrum efficiency in a portion of the spectrum.
If deployment of NCT in the small cell layer is not acceptable, the next best solution would be to introduce support for Small Cell On/Off operation with DL-based identification and measurement of Off small cells. Such solution can support new UE’s in idle mode and do not require additional capability for the small cell equipment. Although it requires the introduction of measurements on a discovery signal, part of this may anyway be required to better support operation in the small cell layers, as discussed in a companion paper [3].

Recommendation:
· Rely on deployment of NCT in small cell layer for minimizing interference from unused cells.
· If an NCT-based solution is not considered possible, the next best alternative is to introduce support for Small Cell On/Off operation with DL-based measurement based on discovery signal.

3
Conclusions
This contribution discussed different possible options for enabling reduction of interference from unused small cells. The following observations were made:
Observations: 
· The latency required to start operating in a small cell from an Off state is of the same order of magnitude as the time required to transfer a data burst of 0.5 MB in Scenario 2a.
· UL-based identification requires that small cell equipment can receive in UL frequency of macro layer

· UE’s in idle mode are not supported with UL-based identification without macro coverage

· Legacy UE’s in idle mode are not supported with DL-based on UL-based identification (without coverage from another cell)

· DL-based identification involves the introduction of new types of measurements based on a discovery signal
Based on the above observations, the following recommendation is made:
Recommendation:

· Rely on deployment of NCT in small cell layer for minimizing interference from unused cells.
· If an NCT-based solution is not considered possible, the next best alternative is to introduce support for Small Cell On/Off operation with DL-based measurement based on discovery signal.
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