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1 Introduction
As shown in our companion contribution [1], achievable performance gain by small cell on/off is tightly related to the feasible time scale or latency of small cell on/off transition. Discovery signals would be effective to reduce small cell on/off transition latency by allowing a UE to perform measurement using discovery signal even for the off-state cells. This contribution reviews a few design considerations of small cell discovery signal and presents our view regarding a few FFS questions related to small cell on/off and discovery signal. 
2 Signal transmissions in off state
Assuming small cell on/off is specified, the decision on whether to transmit any discovery and/or measurement signal at off state of the cell or not should consider performance gain and impacts on legacy UEs. In terms of performance gain, as shown in [1], discovery signal transmission at off state of the cell would be essential. Otherwise, due to measurement delay, the cell on/off gain becomes small and sometimes the gain becomes negative. Thus, an advanced UE supporting small cell on/off should be able to perform RRM based on discovery signals transmitted in off state of the cell. Other signals transmitted in off state would also include additional CRS transmissions to support legacy UEs’ inter-frequency and intra-frequency measurement. As shown in [1], if legacy UE is not effectively supported by on/off performing cells, the overall performance gain decreases as the percentage of legacy UEs increases. Thus, a mechanism to support legacy UEs in RRC_CONNECTED mode should be considered. In terms of RRC_IDLE mode UEs, as mentioned in [1], signalling overhead can be high which could diminish the benefits of cell on/off mechanism. 
In summary, signals needed for neighbour cell measurement of advanced UE and legacy UE (RRC_CONNECTED) should be transmitted in off-state of the cell. 
Proposal 1: Small cell should support neighbor cell measurement of legacy UE and advanced UE at least for RRC_CONNECTED UEs. 
Proposal2: Off-state of the cell transmits measurement signals such as discovery signals and/or intermittent PSS/SSS/CRS when needed. 

Regarding other potential signals such as PBCH, SIB, Paging, etc, our view is that a cell performing on/off should minimize the periodic transmissions such as PBCH and SIB by not supporting RRC_IDLE mode UEs. In off-state, PBCH, SIB and paging should not be transmitted. 

In terms of actual design of discovery signal transmitted at off-state, a few mechanisms can be considered as already captured in TR 36.872[2]. Yet, to support efficient cell on/off, discovery signals should be usable for neighbor cell measurement. 

3 Neighbour cell measurement with discovery signal
Discovery signals transmitted at off-state of the cell would be less frequent than 5msec (frequency of synchronization signals). The frequency of discovery signal transmission and the density of RS used for measurement would be determined based on the required accuracy of neighbour cell measurement based on discovery signal. When discovery signals are transmitted infrequently (e.g., every 200msec), whether measurement based on discovery signals would be sufficient for cell selection is FFS. If measurement based on discovery signal is not sufficient, small cell transition latency to perform additional measurement may be still necessary. Thus, in principle, discovery signals should be transmitted sufficiently frequently to support neighbour cell measurement. For example, for a UE performing inter-frequency measurement, discovery signals may be transmitted at least once in every measurement gap.  Also, to support legacy UEs’ inter-frequency measurement gap, 6msec chunk of CRS transmission with PSS/SSS transmission would be also necessary aligned with measurement gap configuration. 
If discovery signal is not based on PSS/SSS/CRS, collision between discovery signal and PSS/SSS/CRS should be also considered in discovery signal design. Furthermore, if discovery signal is transmitted in on-state of the cell as well, collision between discovery signal and other legacy signals such as CSI-RS, PMCH, PRS, etc should be also considered. 

Proposal 3: A new discovery signal, if considered, should not collide with PSS/SSS/CRS.  
In our view, a discovery signal can be based on PSS/SSS/CRS unless there is a strong requirement to detect more than 3-4 cells by a UE at one time.  Whether infrequent PSS/SSS/CRS transmission would be sufficient for neighbour cell measurements should be further studied. 

Proposal4: Measurement performance by relaxed PSS/SSS/CRS based discovery signal should be further studied. 

4 UE awareness on off-state

Whether a UE should be aware of off-state of the cell or not may depend on a few issues. In terms of UE awareness on the serving cell state, the followings should be considered. Firstly, if discovery signals transmitted at off-state, without being aware of on/off-state, a UE should use discovery signals for serving cell measurement even though the serving cell transmits legacy PSS/SSS/CRS in on-state. Thus, the necessity of UE aware of cell state may depend on the measurement requirement using discovery signals. Secondly, UE should be aware of on/off-state if discovery signals are transmitted only in off-state or discovery signals may collide with legacy signals. For example, if CSI-RS based discovery signals are used and discovery signals are transmitted continuously, discovery signal colliding with legacy CSI-RS transmission or PMCH may be skipped. In this case, a UE may need to know the state of the cell.  Also, a UE need to know on-state so that it can perform time/frequency tracking based on continuous CRS transmission. Lastly, to monitor downlink data and scheduling grant successfully, a UE should be aware of on-state of the serving cell. 
In terms of UE awareness on a neighbour cells state, it would depend on the measurement accuracy based on discovery signal. If discovery signal based measurement may not be sufficient for intra-frequency or inter-frequency measurements to support mobility, an indication of cell state or measurement enhancement is needed.
Proposal 5: A UE should be aware whether the serving cell is on or off.  Whether a UE should be aware of on/off state of neighbour cell is FFS.
5  Conclusion

This contribution discussed a few design considerations on small cell discovery algorithms. The proposals are as follows.
Proposal 1: Small cell should support neighbor cell measurement of legacy UE and advanced UE at least for RRC_CONNECTED UEs. 
Proposal2: Off-state of the cell transmits measurement signals such as discovery signals and/or intermittent PSS/SSS/CRS when needed. 

Proposal 3: A new discovery signal, if considered, should not collide with PSS/SSS/CRS.
Proposal4: Measurement performance by relaxed PSS/SSS/CRS based discovery signal should be further studied. 

Proposal 5: A UE should be aware whether the serving cell is on or off.  Whether a UE should be aware of on/off state of neighbour cell is FFS.
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