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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 are assuming that discovery signal as proposed in [2], where in addition to PSS/SSS only CRS is transmitted. In this contribution we do not consider possible use of CSI-RS that is still being considered as part of DRS design [3]. In our view, due to poor measurement accuracy, CSI-RS should not be used for RRM. This however, does not prevent possible configuration of CSI-RS in cell “off” state for CSI feedback purpose. 
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” so that UE 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. Our proposal as described in [2] is that the overhand channel transmission for a given cell, in cell “off” state, would occur in bursts that occur less frequently than in Rel-11:

· PSS/SSS/CRS transmitted in N ms bursts every M ms with L ms offset (compared to serving cell)
· Waveform identical to Rel-8 waveform within a burst 

· N, M, L are configured by the serving active cell
Other than the discovery signal, cell in “off” state does not transmit any other signal for the purpose of cell detection, identification and RRM measurements.   

When the cell is in “on” state, the transmission of PSS/SSS/CRS would follow periodicity as defined in Rel-8.  Therefore, the main difference between cell “on” and cell “off” is the periodicity of the PSS/SSS/CRS.

3.2 RRM measurement procedures

RRM measurement 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 cannot be aligned with the DRX configuration for all UEs. This implies the DRS measurements will likely occur outside the active time for the UE. However, the impact should be limited, since DRS cycle can be large compared to DRX cycle.
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: Discovery signal based RRM measurement procedure is based on subframe restricted measurements as configured by eNB. Use of neighbor list is optional.

3.1.1. Impact on legacy UEs

While we do not envision legacy UEs utilizing a cell with fast on/off feature, we do believe that legacy UEs may be operating on the same frequency layer and be served by neighbouring cells that do not turn on and off in a fast manner.  Therefore, we considered as important the impact on the legacy UEs in the neighbouring cells that may detect synchronization signal from eNB in an “off state”.
Due to reduced periodicity of PSS/SSS, however, legacy UEs will not be detecting cells in an “off” state on a regular basis. “Accidental” discovery would only occur if the legacy UE is in close proximity of a cell in “off” state and PSS/SSS is very strong, which will not be common scenario for a neighbouring cell. Even if a sync signal from a cell in “off” state is detected, before UE reports the cell, UE needs to conduct RRM measurements based on CRS. Given that CRS will not be present in most subframes, RSRP measurements are not likely to result in frequent measurement reporting since triggers such as event A3 are not likely to be met. Given the analysis above, we do not perceive any significant impact on the legacy UEs with the proposed design. 
Observation: If reduced periodicity PSS/SSS/CRS is adopted for small cell discovery signal, there is no significant impact on the legacy UEs even if they operate on the same frequency layer. 
4
Conclusions 
In this contribution, we discussed the RRM measurement procedure using DRS for the cell operating in on/off mode. 
Proposal 1: Discovery signal based RRM measurement procedure is based on subframe restricted measurements as configured by eNB. Use of neighbor list is optional.

Observation: If reduced periodicity PSS/SSS/CRS is adopted for small cell discovery signal, there would not be significant impact on legacy UEs even if they operate on the same frequency layer. 
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