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1 Introduction
In the previous RAN Meeting #61, the following direction regarding small cell discovery enhancement was agreed,
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
In RAN1#74bis meeting for small cell discovery, the following agreements were reached.
· Dormant mode based on current existing RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off

· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme

· The enhancements for transition time reduction may include support of:
Discovery and measurement enhancement(s) in DL in cell off state, potentially also in cell on state, and its usage in related procedures such as handover, CA activation/deactivation, and Dual connectivity (if supported), radio link monitoring
Various options on the enhancements of small cell discovery were proposed and summarized in TR 36.872 [1]. In this contribution, we discuss the target and requirements for enhancements of small cell discovery and the corresponding impacts to the design of discovery RS (DRS).
2 Design targets

2.1 General assumptions on discovery procedures

Discovery signals in small cell scenarios are expected to achieve the following main purposes:

· For UEs to detect a sufficient number of small cells with sufficient probability;
· For UEs to perform RRM measurements of a small cell with sufficient accuracy, even when the small cell is turned off;
· In addition to detection and measurement performance, minimizing UE power consumption under small cell scenarios should be desirable;
· Supporting small cell on/off operations.
Synchronized transmission of SS/RS and network assistance maximizes the benefits of SS interference cancellation. If RS such as CSI-RS and PRS are used for the discovery purpose, network synchronization is essential to achieve ICIC gain similar to CoMP operation. The network may provide additional information to assist a UE to perform small cell discovery more efficiently, such as the cell-ids of the candidate small cells and the configurations of the DRS. The following assumptions are generally considered valid for small cell scenarios operating with DRS:
· Coverage can be provided by a coverage layer (e.g. the macro layer). All UEs can receive signals from the coverage layer. Network assistance can be used.
· The network is synchronized in both time and frequency. Generally the timing synchronization error is smaller than the CP length.
2.2 Requirements on the number of detectable cells

How many small cells the UE is required to reliably detect (i.e., with probability >90%) is the most important factor in defining the discovery design targets. Detection probabilities up to three small cells have been provided by various companies in their evaluation results [2]. For small cell efficient operations, the minimum number of small cells UE should reliably detect could be set to three, if all detection side conditions to be defined by RAN4 are met (e.g. RSRP side conditions). The following lists a few considerations:     
· Supporting small cell on/off: The detected small cell could be turned off, for efficient small cell operation, e.g. load balancing, requiring at least to detect three small cells.
· Rel-12 backhaul assumption includes ideal and non ideal backhauls. Depending on the deployed backhaul quality, small cell layer may employ various available technologies to improve spectrum efficiency, e.g., CoMP, ICIC and feICIC. Using CoMP as an example, usually we need to have a resource management set which is larger than the coordination set and transmission TPs. Assuming the coordination set contains at least two small cells, the larger CoMP resource management set implies that UE should detect minimum three small cells.
· In feICIC, RAN4 specification defines the minimum performance requirement assuming UE explicitly cancelling two interference cells. It seems natural to extend the same UE IC capability in small cell deployment for the sake of sufficient IC performance. Thus UE should detect at least three small cells to be able to cancel two interference cells.
Proposal 1: DRS should enable a UE to reliably detect at least the three strongest small cells, provided that the detection side conditions are met.
2.3 Requirements on RRM measurement
DRS is used to support small cell on/off operations. Naturally, DRS is transmitted by small cells in OFF state periodically as shown in Figure 1. For small cells in ON state, the legacy discovery mechanism is based on PSS/SSS. Whether further enhancements are needed for small cells in ON state, e.g. discovery mechanism based on DRS, needs further discussion. DRS transmitted by different small cells may be time aligned, so that a UE may be able to detect multiple cells within a short time. For a UE, the serving cell may provide network assistance information to help the UE perform small cell discovery with less effort.
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Figure 1 Examples of the proposed frame work for enhancement of discovery
As discussed in [3] and captured in [4], it is beneficial for a UE to perform RRM measurements based on the DRS. This is due to the observation that the performance of small cell on/off operation can be improved if the time scales of on/off are reduced. Significant gain can be seen if the transition delay is less than 100 ms [1]. To minimize the transition time, it is important to allow a UE to discover and perform RRM measurements of a small cell before the cell is turned on, so that the network can offload UEs to the small cell as soon as it is turned on. Clearly, such RRM measurements can only be based on DRS.
However, it may be difficult to apply the current RRM measurement procedures for small cells in OFF state. For example, for current RRM measurement procedures, a UE needs to report a measurement to layer 3 every 200 ms for intra-frequency measurements. It is a common understanding that for each such report, a UE needs to obtain the results based on multiple measurements. The existing RRM measurement is CRS-based, where subframes used for RRM measurements are not specified and are left for UE implementation since CRS are present in every subframe. However, in OFF state, the RRM measurement can only be performed when DRS is transmitted. It is not efficient to set a very low duty cycle for DRS as the energy consumption would be high if the eNB needs to wake up frequently. In addition, transmitting DRS too often would cause significant interference to the small cells in ON state.
Proposal 2: Defining new RRM measurement procedure or requirement for discovery of small cells in OFF mode is needed.
2.4 DRS support for ON cells 

If a DRS is introduced, it should be applied for small cells in OFF state in the first place. Whether the DRS is also applied to small cells in ON state needs further discussion.

On one hand, if the discovery for small cells in ON state is also based on the DRS, it may allow a UE to discover more small cells in ON state compared to the discovery based on PSS/SSS+CRS. The ability to discover multiple small cells in ON state, and hence to increase to total number of detectable cells, is beneficial as discussed above. Besides, a unified discovery mechanism for both small cells in ON and OFF state could reduce the required time for discovery, since a UE can discover ON and OFF cells simultaneously. 

On the other hand, keeping on using the legacy discovery procedure, i.e. no enhancements for discovery, for small cells in ON state may also be helpful in various ways. In this case, a UE can distinguish if a small cell is in ON state or OFF state by the DRS used. Therefore, the UE can quickly trigger the small cell to be turned ON by sending a request to the network. Also, as discussed above, if new RRM measurement procedure or requirement for discovery of small cells in OFF mode is needed, then it may not be necessary to apply the procedure also to small cells in ON state. This is because the RRM measurement procedure could be restricted by the design of DRS. Reusing the legacy discovery procedure can maintain the accuracy of RRM measurements for small cells in ON state. Moreover, as discussed in our companion paper [5], DRS may need to transmit an indication of the reactivation time of the small cells in OFF state and clearly this information is not necessary for small cells in ON state.
Proposal 3: If a DRS is introduced, it should be applied for small cells in OFF state in the first place. Whether a unified solution is needed for small cells in ON state and small cells in OFF state needs further study.
Also, the transmission of DRS from small cells in OFF state may cause interference to small cells in ON state. For example, as shown in Figure 1, LPN2 suffer from interference from LPN1 and LPN3 when they are transmitting RS. The level of interference may be high as there could be potentially a large number of small cells in OFF state in a dense small cell network. The interference level may vary significantly over consecutive subframes. This may affect the operation of small cells in ON state. For example, a UE adds the power of the DRSs from the silent cells into the RSSI calculation, which would underestimate the RSRQ. It may also influence the accuracy of CSI measurements and link adaptation. Therefore these potential impacts should be taken into account when designing DRS. The impact may be mitigated if the duty cycle of DRS is extended. However, it should be considered jointly with the requirements for RRM measurements as discussed above.

Proposal 4: Minimize the impacts from the transmission of DRS to the small cells in ON state.
2.5 Considerations for future-proof and scalability

The design requirements for discovery should not be made only based on current scenarios (e.g. current density of small cells). It is highly desirable to introduce design requirements that are sufficiently scalable and future-proof; that is, the requirements should still hold sufficiently for denser networks of small cells which may be deployed in the near future. 3GPP should avoid the needs for introducing new design requirements in the near future that lead to a new discovery design with functionalities largely overlapped with Rel-12 discover design.
Proposal 5: DRS design should also target scalability and future-proof.
3 Conclusion

In this contribution, we provide our view on the design goals of potential discovery enhancement. Our proposals are summarized in the following:

Proposal 1: DRS should enable UE to reliably detect at least the three strongest small cells.
Proposal 2: Defining new RRM measurement procedure or requirement for discovery of small cells in OFF mode is needed.
Proposal 3: If a DRS is introduced, it should be applied for small cells in OFF state in the first place. Whether a unified solution is needed for small cells in ON state and small cells in OFF state needs further study.
Proposal 4: Minimize the impacts from the transmission of DRS to the small cells in ON state.
Proposal 5: DRS design should also target scalability and future-proof.
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