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1 Introduction

The Companion Discovery Signal (CDS) is an attractive choice of discovery signal for small cells. It shows very good detection performance and decent measurement accuracy [1][2]. The CDS is transmitted on the previously unused REs next to PSS/SSS, resulting in no impact on legacy signals, channels or performance [3]. Up to 10 different small cells can transmit CDS next to a single PSS/SSS. CDS requires that the small cells within a cluster are synchronized.
Depending on the number of small cells that need to be distinguished, different CDS time multiplexing patterns can be used, as outlined in [3]. For efficient operations, the CDS time multiplexing pattern should be configurable. With up to 10 small cells per cluster, the small cells can transmit CDS on each PSS/SSS occasion. With more than 10 small cells per cluster, the CDS transmissions from different cells need to be time multiplexed on different PSS/SSS occasions.
In the companion contribution [5], the impact of CDS on the specifications, the network implementation and the UE implementation is discussed in more detail.

In this contribution, the transmission of CDS and PSS/SSS for small cell ON/OFF is discussed.
2 Small Cell ON/OFF Using CDS
2.1 Small Cell ON/OFF Using CDS
It is beneficial from several perspectives to use the same discovery signal (DS) transmission in both the ON and the OFF state, such as:
· DS-based detection and RRM measurement for small cell ON/OFF can be more efficient, since a UE can perform averaging over both states.
· Network implementation can be simplified, since no need to repeatedly coordinate DS resources among small cells, depending on the states of the small cells.

· DS-based detection and RRM measurement can be made also for cells that are ON, which means that RRM measurement results may be available directly after a transition to OFF state. This could help to reduce the OFF to ON transition time. 
· DS-based detection and RRM measurement can be used for other purposes than small cell ON/OFF, such as CoMP.

· UEs do not need to know the states of the small cells to perform detection and RRM measurement. This keeps the DS configuration simple and also keeps the signalling overhead low. 
Proposal 1:Cells operating ON/OFF transmit the same DS in both the ON and the OFF  state.
For CDS, this means that a time multiplexing pattern can be set up based on the number of small cells in the cluster. A small cell in a cluster could stick to its CDS resource, regardless of if it’s in the OFF or ON state and of the states of the other small cells in the cluster.
2.2  PSS/SSS Companionship
CDS is a companion to PSS/SSS. This means that UEs use PSS/SSS to obtain synchronization, i.e. to find the REs used for CDS, next to the PSS/SSS. Within a cluster, UEs may often only detect a single PSS/SSS, usually from the strongest small cell [6]. Then, a UE could discover many more small cells from the CDS next to the PSS/SSS that it found. This means that a small cell in a cluster could turn its PSS/SSS transmission off if 

a) the small cell is in the OFF state and 

b) UEs the small cell could potentially serve can obtain synchronization using the PSS/SSS of another cell in the cluster.

Observation 1: A cell in the OFF state can turn off its PSS/SSS transmission if UEs, to obtain synchronization, can use the PSS/SSS of another cell instead.
3 Deployment Examples
3.1 Small Cell Cluster on f2 Under Macro Cell on f1 
In this deployment scenario, there are one or more sufficiently isolated small cell clusters on the carrier f2, in an area covered by a macro cell on the carrier f1. The small cells in a cluster are synchronized and they operate small cell ON/OFF. 
3.1.1 CDS transmitted on f2

In this scenario, a small cell in the OFF state can also turn off its transmission of PSS/SSS so that only the CDS is transmitted, under the condition that a UE can use the PSS/SSS of another cell for synchronization. If there is no traffic at all in a cluster so that all small cells could be in the OFF state, enough small cells in the cluster should keep transmitting their PSS/SSS, so that a UE in the area of the cluster could synchronize to the cluster. For example, if the small cell in the center of the cluster could provide PSS/SSS coverage, all other small cells in the cluster would not need to transmit PSS/SSS, as illustrated in Figure 1. Note that the small cells in the cluster do not need to be synchronized to the macro cell on f1.
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Figure 1 – Example transmission scenario when all small cells in the cluster on f2 are turned OFF (no UEs served in the cluster). One of the cells keeps transmitting PSS/SSS to provide synchronization. The other cells can just transmit CDS next to the PSS/SSS. The dashed line in the macro cell outlines the area that the small cell cluster covers on f2. 
3.1.2 CDS transmitted on f1

In this deployment scenario, the small cells in the cluster transmit CDS next to the PSS/SSS of the macro cell on f1. This means that the small cells need to be capable of transmission synchronized to the macro cell on f1. The small cells in the cluster could also transmit CDS on f2, as described in section 3.1.1. In principle, the transmission on f2 does not need to be synchronized with the transmission on f1.
The benefit of this deployment scenario is that the inter-frequency measurements of macro UEs could be turned off until a CDS on f1 is discovered. This could significantly reduce UE power consumption from inter-frequency measurements and also increase the UE throughput, since measurement gaps are not needed until CDS discovery on f1.
The small cells could transmit different CDS on f1, just like they do on f2. In this way, a small cell on f2 in the OFF state could be turned on rapidly. 
Alternatively, the small cells on f2 could transmit the same CDS, that would just indicate the presence of small cells on f2. In a deployment with multiple small cell layers, different small cell layers could transmit different CDS on f1. When a UE detects a CDS on f1, the macro would then know on which small cell layer the UE should start inter-frequency measurements. This could further reduce power consumption and reduce the transition time.
3.2 Standalone Small Cell on f2 Under Macro Cell on f1 
In this deployment scenario, there is a standalone small cell on the carrier f2, in an area covered by a macro cell on the carrier f1. The small cell operates ON/OFF. 

A standalone cell can be viewed as a cluster with a single cell. Therefore, following the principles above, the cell should keep transmitting PSS/SSS while in the OFF state, as well as the CDS.
3.3 Small cell Cluster on f1 Under Macro Cell on f1  
In this deployment scenario, there is one or more sufficiently isolated small cell clusters on the carrier f1, in an area covered by a macro cell on the same carrier f1. The small cells in a cluster are synchronized and they operate small cell ON/OFF. Whether or not the small cell cluster is synchronized to the macro or not gives two different scenarios, as described below.
3.3.1 Small cell cluster synchronized to macro cell
In this scenario, a small cell in the OFF state can also turn off its transmission of PSS/SSS so that only the CDS is transmitted. A UE can obtain synchronization using the PSS/SSS of the macro cell or a small cell in the ON state. 
This means that if all small cells in the cluster are in the OFF state, all of them can turn off PSS/SSS transmission and transmit only CDS next to the PSS/SSS of the macro cell, as illustrated in Figure 2.
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Figure 2 - Example transmission scenario when all small cells in the cluster on f1 are turned OFF (no UEs served in the cluster). Since the small cells in the cluster and the macro cell are synchronized, all cells in the cluster can transmit their CDS next to the PSS/SSS of the macro cell.
3.3.2 Cluster not synchronized to macro

In this scenario, a small cell in the OFF state can also turn off its transmission of PSS/SSS so that only the CDS is transmitted, under the condition that a UE can use the PSS/SSS of another small cell in the cluster for synchronization. 
All small cells in a cluster should not turn the PSS/SSS transmission off. If there is no traffic at all in a cluster so that all small cells could be in the OFF state, enough small cells in the cluster should keep transmitting their PSS/SSS, so that a UE in the area of the cluster could synchronize to the cluster. After synchronizing to the cluster, a UE can discover the other small cells using CDS. This is illustrated in Figure 3.
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Figure 3 - Example transmission scenario when all small cells in the cluster are turned OFF (no UEs served in the cluster). Several of the cells keep transmitting PSS/SSS to provide synchronization. The other cells can just transmit CDS next to the PSS/SSS.
4 Conclusions

CDS is an efficient discovery mechanism for operating small cell on/off.

In this contribution, we propose that cells operating ON/OFF should transmit the same discovery signal in both the ON and the OFF state. For CDS, we observe that a small cell in an OFF state may turn off also its PSS/SSS transmission if a UE could use the PSS/SSS of another cell to obtain synchronization. Finally, this principle is illustrated in several deployment examples.
 Proposal 1:Cells operating ON/OFF transmit the same DS in both the ON and the OFF  state.
Observation 1: A cell in the OFF state can turn off its PSS/SSS transmission if UEs, to obtain synchronization, can use the PSS/SSS of another cell instead.
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