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1 Introduction

In RAN1#76, it was agreed that [1]:
· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure

· It does not mean that DRS-based measurement reporting based on autonomous UE detection is precluded 
· Accuracy of timing considered for network assistance will be defined by RAN4

· FFS: What is timing information associated with discovery measurement
· FFS: Other information provided
Hence, timing-related network assistance in some form is mandatory for small cell ON/OFF and discovery.

The timing information could be for instance relative time difference, DRS periodicity, DRS time-multiplexing pattern or other timing-related information.

In some discussions, e.g. [2], it was proposed that the mandatory timing information should include the relative time difference between the assisting cell (typically a macro) and the ON/OFF cell (typically a small cell), with an uncertainty less that 2.5 ms. A relative time difference with this order of uncertainty could be called the rough relative time difference.
For a discovery signal consisting of a burst, with a long transmission period, at least the rough relative time difference needs to be a mandatory network assistance information. Otherwise, UEs will not be able to find the discovery signal burst without excessive complexity and power consumption.

Observation 1: For a discovery signal consisting of a burst, with a long transmission period, the rough relative time difference between the serving cell and ON/OFF cells needs to be provided to UEs performing small cell discovery, i.e. mandatorily.
Any mandatory information in the network assistance limits the use cases of small cell ON/OFF and discovery to only scenarios where the mandatory information is available.

In this contribution, we discuss small cell deployment scenarios where the rough relative time difference is not initially available to the assisting cell, either from the core network or deduced from information exchange with the ON/OFF cells over the backhaul. To make it possible to use small cell ON/OFF and discovery also in those deployments scenarios, we propose that the enhanced discovery mechanism should provide means for the assisting cell to obtain the relative time difference autonomously.
2 Relative Time Difference
The relative time difference between the assisting cell, typically a macro, and the ON/OFF cell, typically a small cell, is illustrated in Figure 1. The relative time difference includes the SFN offset and also the offset within a radio frame.
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Figure 1 – The relative time difference between a macro and a small cell.

The relative time difference component in network assistance could be in several different forms, for instance in the form of a discovery search window in which a UE could expect a discovery burst.
Below, small cell scenarios are discussed in which it might be difficult to guarantee that the assisting macro cell can obtain accurate relative time difference information from the core network or from the small cell cluster over the backhaul.
3 Small cell cluster with Non-ideal backhaul
One important deployment scenario for small cell ON/OFF is small cell clusters deployed on frequency f2 under a coverage layer on f1 provided by macro cells. This is illustrated in Figure 2.
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Figure 2 - A small cell cluster is connected with a macro cell with non-ideal backhaul. 
Even though the small cells within the cluster transmit synchronously, the transmission is not necessarily synchronized to the macro cell. For example, the macro layer could use FDD, with unsynchronized macro cells.

In a common LTE deployment, the macro layer is deployed first to provide coverage. When the capacity of the macro layer becomes limited, small cells clusters are gradually deployed to provide offloading. In such a deployment, the small cell clusters could typically be from another vendor than the macro base-stations. Hence, the information exchange between the macro and small cells would have to use the standardized interfaces, which lack a mechanism to accurately provide the relative time difference. Note also that the backhaul between the macro cells and the small cell clusters is typically non-ideal, i.e. for example with tens of ms latency and with jitter.
Furthermore, the core network is in many cases unaware of the relative physical layer time differences between different cells on different carriers.
Hence, for many deployments of small cell clusters, the relative time difference between a macro cell and a small cell cluster is not provided to the macro cell from the network.
Observation 2: For many deployments of small cell clusters, the relative time difference between a macro cell and a small cell cluster is not provided to the macro cell from the network.
4 Discussion

Since the rough relative time difference needs to be a mandatory information in the network assistance, there is a risk that small cell ON/OFF can not be operated in many small cell deployment scenarios, as discussed in section 3. Therefore, it is important to make sure that an assisting cell can autonomously detect the rough relative time difference to the ON/OFF cells. This should be taken into account in the design of the enhanced discovery mechanism (discovery signal design and procedures).

Proposal 1: An assisting cell should be able to autonomously detect the rough relative time difference to the ON/OFF cells.

Proposal 2: The enhanced discovery mechanism should be designed so that an assisting cell can autonomously detect the rough relative time difference to the ON/OFF cells.

The assisting cell may need to detect the rough relative time difference only once, the first time a small cell cluster starts to operate ON/OFF. Depending on the time drift, the assisting cell may need to perform the detection procedure again, after a long time.
In [3], we present one solution to make an assisting cell able to detect the rough relative time difference. 
5 Conclusions

Observation 1: For a discovery signal consisting of a burst, with a long transmission period, the rough relative time difference between the serving cell and ON/OFF cells needs to be provided to UEs performing small cell discovery, i.e. mandatorily.
Observation 2: For many deployments of small cell clusters, the relative time difference between a macro cell and a small cell cluster is not provided to the macro cell from the network.
Proposal 1: An assisting cell should be able to autonomously detect the rough relative time difference to the ON/OFF cells.

Proposal 2: The enhanced discovery mechanism should be designed so that an assisting cell can autonomously detect the rough relative time difference to the ON/OFF cells.
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