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1. Introduction

In RAN1#76, the agreements for small cell on/off switching and discovery included [1]

· For intra-/inter-freq. RRM measurement, at least DRS-based RSRP measurements are supported

· For RRM measurements, support DRS-based RSRQ-like measurements

· Details are FFS
For small cell discovery, followings can be considered as candidate signals for each purpose:
· For coarse time synchronization:

· Candidate signals are PSS, PSS/SSS, PRS

· For coarse frequency synchronization:

· Candidate signals are PSS, PSS/SSS, CRS, CSI-RS, PRS

· For cell/transmission point identification:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For RSRP measurement:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For received signal quality (RSRQ) measurement:

· FFS: Whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals
In this contribution, we discuss the suitability of different candidate discovery reference signals (DRS) for synchronization, detection, and RSRP and RSRQ measurements.
2. Choice of DRS
The composition and periodicity of DRS remains under discussion, and the various candidates (PSS, PSS/SSS, CRS, CSI-RS, PRS) will have different impacts on the accuracy of synchronization, cell detection, signal power, and signal quality measurements for cell selection and handover.

2.1. Coarse Time and Frequency Synchronization

In legacy systems initial time and frequency synchronization is generally obtained from PSS, while SSS is used to complete the cell and frame boundary identification process. 
Consider the following cases where initial synchronization is needed: 

1. A UE is handed over to a small cell that is operating on/off switching. In this case, it is highly likely that handover is performed to a small cell only when it is in ON state and thus all legacy signals are available for initial synchronization. 

2. A newly turned-on UE tries to synchronize with a small cell in ON state. Once again, all legacy signals are available for initial synchronization.

3. A newly turned-on UE tries to synchronize with a small cell in OFF state. Here, it is desirable to retain the use of PSS for coarse timing and CFO estimation due to its well-understood and proven performance. The use of PRS is hampered by its low periodicity which is currently every 160 subframes at least, and the need to configure positioning subframes. Furthermore, we propose that SSS not be transmitted in OFF state. This implies that radio frame boundary timing cannot be obtained immediately in OFF state, but since PDSCH and possibly PBCH are absent in OFF state, the UE can wait until the small cell turns ON to obtain complete frame boundary information. The absence of SSS serves as an implicit indicator of small cell being in OFF state, and also prevents legacy UEs from identifying OFF small cells. PSS can continue to be transmitted every 5 subframes in OFF state to maintain UE complexity.
Proposal 1: PSS is transmitted in OFF state for coarse time and frequency synchronization. SSS is not transmitted in OFF state to serve as an implicit indicator of cell state.
2.2. Cell Identification

Based on proposal 1, SSS is not assumed to be available in OFF state and thus an alternative means of cell identification is necessary. Evaluation results in [2] have shown that the use of CSI-RS for discovery of the strongest three cells is satisfactory and outperforms PRS-based discovery, albeit with a priori information being assumed at UEs for certain cases. One CSI-RS configuration can be assigned to each cell as assumed in [2], with ZP-CSI-RS being configured for other configurations. As per proposal 1 since PSS is present in OFF state, the cell identity within the group (0, 1, or 2) can be determined, while CSI-RS is used to complete cell identification. Furthermore, additional gain may be achieved with network-assisted cell identification, as discussed in our companion contribution [3].
Proposal 2: CSI-RS is transmitted in OFF state for cell identification. Additional gain may be achieved with network-assisted discovery.
2.3. RSRP measurement

RSRP and RSRQ have generally been computed based on CRS by pre-Rel12 UEs [4]. The RSRP measurement provides an absolute measurement of the received reference signal power in watts per resource element (RE). It is suggested that a similar definition be applied for DRSRP, which denotes the absolute measurement of the received discovery reference signal power in watts per resource element (RE). The proposed candidate for DRSRP measurements is CSI-RS, given that it is assumed to be available based on proposal 2. Though CSI-RS-based RSRP computation was not agreed upon for CoMP in Rel-11, previous evaluation results have shown that channel estimation (CE) based on CSI-RS (possibly with additional muting) can outperform CRS-based CE [5]. A single CSI-RS port can be considered as a baseline.
Note that DRSRP values based on CSI-RS may not coincide with legacy RSRP values computed from CRS. Thus, further study is needed to evaluate whether DRSRP values need to be normalized or can be directly compared with legacy RSRP values in ON state for RRM purposes. 
Proposal 3: RSRP measurements in OFF state are based on CSI-RS.
2.4. RSRQ measurement

Analogous to existing RSRQ, a new DRSRQ can be defined as
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where RSSI is the Received Signal Strength Indicator defined as the average total received power and N is the measurement bandwidth. An open issue is whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals. Previously, RSSI was measured on all REs in OFDM symbols containing reference signals within the measurement bandwidth, and is intended to capture PDSCH occupancy of neighboring cells. In the case of on/off switching, no PDSCH is transmitted along with DRS, and therefore the RSSI will fluctuate rapidly as adjacent cells enter and exit OFF state, regardless of whether it is computed using symbols with or without DRS. However, for consistency with existing procedures, as a baseline it is proposed that the RSSI be measured by symbols not including discovery signals.  

Based on the above definition of RSSI in OFF state, the DRSRQ can be computed based on CSI-RS.

Proposal 4: RSRQ measurements in OFF state are based on CSI-RS. RSSI can be measured by symbols not including discovery signals.  

To summarize, we have the following.
Proposal 5: Small cells transmit only PSS and CSI-RS to serve as DRS in OFF state.
3. Conclusion
In this contribution, we discussed the suitability of different candidate discovery reference signals (DRS) for synchronization, detection, and RSRP and RSRQ measurements. The following proposals were presented:
Proposal 1: PSS is transmitted in OFF state for coarse time and frequency synchronization. SSS is not transmitted in OFF state to serve as an implicit indicator of cell state.

Proposal 2: CSI-RS is transmitted in OFF state for cell identification. Additional gain may be achieved with network-assisted discovery.

Proposal 3: RSRP measurements in OFF state are based on CSI-RS.
Proposal 4: RSRQ measurements in OFF state are based on CSI-RS. RSSI can be measured by symbols not including discovery signals.  

Proposal 5: Small cells transmit only PSS and CSI-RS to serve as DRS in OFF state.
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