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1 Introduction
The deployment of a large number of small cells enables significant capacity increase and their unplanned deployment may generate a variety of new technical issues on physical layer aspects unlike planned macro cell deployments. For the study on such issues, the Study Item (SI) on the physical layer aspects of small cell enhancement was approved [1], and scenarios and requirements for small cell enhancement (SCE) were described in [2]. Unlike conventional macro eNB, for network energy efficiency, small cell eNB may be in a dormant mode when there is not any active UE that it should serve [2]. However, UEs in the proximity of dormant small cell eNBs should still be able to recognize their existence due to the likelihood of handover into the dormant small cells, thus the systems need the methods that enable UEs to discover even dormant eNBs without notable latency. Thus, this contribution addresses a useful approach to balance the eNB’s energy efficiency and the small cell discovery latency.
2 Dormant Small Cell Discovery Methods
For the reduction of power consumption of eNBs, eNBs can transit into dormant mode [3], which is characterized by the discontinuous transmission (DTX) of only downlink (DL) vital signals such as DL synchronization and reference signals with a longer period compared to the normal operation serving UEs. When UEs discover eNBs by measuring their DL signals, UEs in the proximity of dormant eNBs experience a longer cell discovery time because the DL transmission periods of dormant eNBs are usually much longer compared to that of an active eNB. That is, the longer the DTX period of dormant eNBs is, the lower the eNB power consumption is, while the shorter the DTX period is, the shorter the small cell discovery time is. In addition, for more reduction of power consumption, the discontinuous reception (DRX) of dormant eNBs can also be considered. If uplink (UL) signals transmitted by UEs are used for small cell discovery [4], the DRX period of dormant eNBs also becomes a key factor to determine the performance of dormant small cell discovery. 
 Thus, this contribution presents the method for efficient discovery of dormant small cells by coordinating discontinuous operations of adjacent dormant eNBs. It is assumed that dormant eNBs perform both DTX and DRX operations.

 Similar to [4], for small cell discovery, a UE broadcasts the UL signal that uniquely or temporarily identifies itself, and the UL signal can be listened to by active eNBs or dormant eNBs in RX on mode. However, dormant eNBs in Rx off mode around the UE cannot be discovered because they do not receive it even though they are in close proximity to the UE. 
Fig. 1 shows the basic concept of a proposed approach. First, adjacent eNBs are grouped according to their proximity to each other, and the eNBs in a group listen to UL signals alternatively with predefined periods. When the UE broadcasting transmission power is large enough so that all the eNBs in a group near the UE can listen to it, which group the UE is close to can be known from the information measured by only a part of eNBs in a group, even though all the individual eNBs do not listen to the UE. The UE transmission power may be chosen to cover the region served by a macro eNB, and it is enough to cover a group consisting of several adjacent small cell eNBs near the UE. Otherwise, the group of adjacent small cell eNBs has to be set by considering the maximum UL transmission power of UE.
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Figure 1 Group wise dormant small cell discovery

The following describes an example of the proposed group-wise small cell discovery operation.

· A UE within the coverage of a macro eNB sets up an initial connection with the macro eNB.
· The macro eNB commands the UE to broadcast the UL signal that identifies itself (e.g. sounding reference signal, RACH preamble). The macro eNB shares the information on the UL signals with small cells eNBs deployed within the macro eNB coverage, in advance, through ideal or non-ideal backhaul.
· The UE broadcasts its UL signal. Active eNBs and dormant eNBs in DRX on mode in the proximity of the UE listen to the signal. 

· The small cell eNBs listening to the UE report the measurement information (e.g. received signal power) to the macro eNB (or the header eNB of the group). The macro eNB determines which groups the UE are close to, and it make all the dormant eNBs in the groups that have the meaningful measurement results (e.g. received signal strength above a threshold) transit into TX/RX on mode. Now, all the eNBs in the groups begin to transmit their DL control signals such as DL synchronization and reference signals and get ready to listen to the UE.
· The macro eNB builds the measurement set list based on grouping and measurement reporting information, and transmits the list to the UE.
· The UE measures DL signals transmitted by nearby small eNBs based on the measurement set list.

In order to support these operations, the following issues need to be discussed more.
· The signalling mechanisms between the macro eNB and small cell eNBs in order to group adjacent small cell eNBs and coordinate the DRX periods of dormant eNBs.
· The UE broadcast for small cell discovery: several small cell eNBs have to simultaneously listen to the UE transmission, and it may cause the high UL interference to nearby active small cells. Thus, it needs how to overcome the interference, e.g. defining the separate UL resources for the UE broadcast.
3 Conclusions
This document addresses the dormant small cell discovery method that coordinates and controls DTX/DRX operation among adjacent small cell eNBs. The proposed group-wise approach can reduce cell discovery latency more while keeping the dormant eNBs’ energy efficiency, compared to individual dormant small cell discovery. The proposed operation requires the UL broadcast over multiple small cell coverage as well as the higher layer signalling. Thus, these operations newly generate technical issues such the UL interference problem due to the UL broadcast and the signalling overhead for coordinating dormant small cell eNBs, and such issues need to be further investigated.
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