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1
Introduction
In this contribution, we discuss discovery signal-based RRM measurement procedures when small cell on/off procedure [1] is applied. We assume that discovery signal as agreed in [2], where in addition to PSS/SSS/CRS CSI-RS may be transmitted. 
2
Discovery mechanisms
We described in [1] a mechanism for fast cell on/off feature. In order to enable fast cell on/off it is necessary for the UE to detect, measure and report an “off” cell. Therefore, a cell in “off” state needs to transmit a “discovery signal” and RAN 1 agreed to introduce discovery reference signal (DRS) so that UEs can detect, measure and report it to the network.
3.1 Discovery signal transmissions in cell on/off mode 

The main idea behind fast cell on/off mode is that eNB transmits sparse overhead signals and channels that contain sufficient information for RRC_CONNECTED UE to detect, measure and report neighboring dormant cells to a serving cell. It has been agreed during RAN 1 # 77 that the discovery reference signal (DRS) is transmitted for both cells in “on” state and cells in an “off” state. For a given cell, DRS would consists of:

· PSS/SSS/CRS transmitted in N ms bursts every M ms with L ms offset (compared to serving cell)

· N, M, L are configured by the serving active cell

In addition to PSS/SSS/CRS, it has been agreed that CSI-RS can also be configured as part of the discovery signal. It has also been agreed that DRS can be transmitted by a dormant cell as well as by an active cell. 
3.2 RRM measurement procedures

When CRS is utilized for RRM measurements, the procedure would be similar to the Rel-10 procedure where the measurement resources or subframes are restricted. Serving eNB would configure the UE with the periodicity, burst size and the offset of the discovery signal. In order to extend battery life, it is desirable that the DRS configuration is common at least across all cells within a frequency layer so that UE can detect and perform measurements of all detected cells at the same time. 

By performing subframe restricted cell detections, acquisitions and measurements, UE is able to detected and report all cells on a given frequency layer regardless whether cells are in “on” or “off” state. It is important that UE is signaled the locations of the discovery signal, since UE is in general not aware of the state of the neighboring cells and the location of the discovery signal. Certainly, if the UE is aware of a state of a particular cell (manly the serving cell), UE can utilize all the occurrences of CRS when performing RSRP measurements.

As we mentioned above, the location of DRS in all cells on a given frequency layer should be align in order to maximum battery life at the UE. Given that this cycle is common across all UEs, it may not be aligned with the DRX configuration for all UEs. This implies the DRS measurements can occur outside the active time for the UE. However, the impact should be limited, since DRS cycle can be large compared to DRX cycle.
Since there is one to one mapping between detected PSS/SSS and CRS, use of neighbor list is not necessary. One of the purposes of PSS/SSS is to identify which cells the UE needs to measure. That approach keeps implementation complexity and battery power consumption low. Similarly as in Rel-8, eNB may provide the neighbor list to the UE, but the UE must able to detect neighboring cells without the neighbor list and only with timing information where DRS is located. 
Proposal 1: When CSI-RS RRM measurements are not configured, the procedure is based on subframe restricted measurements and use of neighbor list is optional.
When CSI-RS RRM measurements are configured, however, UE cannot make any assumptions about CSI-RS sequences based on the detected PSS/SSS and neighbour list it necessary in order to keep UE implementation complexity down. Extensively relying on the neighbour lists would however go against Rel-8 principles where use of neighbour list is optional. A straightforward solution in this scenario is to condition the CSI-RS list to CRS. The network only needs to provide the UE this list of CSI-RS for each neighbouring cell that is identified with CRS. This approach would keep UE complexity down while at the same time does not require extensive network planning efforts.       
Proposal 2: When CSI-RS RRM measurements are configured, RRM measurement procedure is based on subframe restricted measurements and use of neighbor list is mandatory, where the list of CSI-RS is conditioned on CRS. 
4
Conclusions 
In this contribution, we discussed the RRM measurement procedure using DRS for the cell operating in on/off mode. 
Proposal 1: When CSI-RS RRM measurements are not configured, RRM measurement procedure is based on CRS and subframe restricted measurements and use of neighbor list is optional.

Proposal 2: When CSI-RS RRM measurements are configured, RRM measurement procedure is based on subframe restricted measurements and use of neighbor list is mandatory, where the list of CSI-RS is conditioned on CRS. 
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