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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 the relative time difference between the assisting (serving) and on/off cell, discovery reference signal (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.
It is reasonable to assume that the assisting cell obtains the DRS transmission pattern (e.g. DRS period and time offset relative to the small cell timing) and DRS resources (e.g. frequency resources) either directly from the ON/OFF cell(s) or from the network. 
However, as we discuss in [3], in many small cell deployments, the assisting cell can not be provided with a rough relative time difference from the network or from the ON/OFF cells. To make it possible to use small cell ON/OFF and discovery also in those deployments scenarios, we propose in [3] that the enhanced discovery mechanism should be designed so that the assisting cell autonomously can learn the rough relative time difference.
In this contribution, we present a discovery mechanism design that provides the assisting (serving) cell with the means to autonomously learn the rough relative time difference to a small cell cluster that operates ON/OFF. We also present an example implementation to achieve this. The relative time difference detection could be done at the very beginning of ON/OFF operations. 

Note that if the assisting cell is provided with a rough relative time difference, for instance from the core network, at the beginning of ON/OFF operations, then it can simply skip the autonomous time difference acquisition.
2 Discovery Mechanism Design
The discovery mechanism design that supports autonomous detection of the rough relative time difference by the assisting (serving) cell has the following basic properties.
· Discovery burst transmitted with long periodicity.
· Discovery burst contains at least one PSS for coarse synchronization.
· Discovery burst contains DRS for RRM measurements.
· A DRS indicator (DRS-I) is transmitted on the unused REs next to the PSS in the discovery burst.
The DRS-I has the following basic properties (more details are in the Appendix) 

· CSI-RS signal transmitted on the unused REs next to the PSS of the burst.

· Muting is used to mask out only the unused REs next to the PSS.
· If SSS is included in the discovery burst (as proposed in [4]), the DRS-I could be transmitted on the unused REs next to the PSS/SSS of the burst.
· No impact on the PSS performance [5].
· No extra overhead or interference is introduced (previously unused REs are used).
· The DRS-I is transmitted by all cells that transmit DRS in the burst.
· The DRS-I is transmitted on effectively interference-free REs.
· The DRS-I coverage is greater than the DRS coverage (see the Appendix for simulation results).

· The DRS-I detection is very simple (see the Appendix for more details)

· When the rough relative time difference has been obtained, the DRS-I transmission could be turned off. For networks where autonomous time difference acquisition is not needed, DRS-I transmission does not have to be turned on at all.
The UE discovery procedure has the following basic properties.

· A UE is configured (with RRC signalling):
1. whether or not to use the DRS-I in the discovery procedure,
2. with a discovery search window (basically a relative time difference and a window size), and
3. with a DRS configuration (DRS period, frequency resources, etc.), if configurable.
· If a UE is configured to use the DRS-I in the discovery procedure, then:
1. In the configured search window, the UE searches for PSS.
2. If detecting a PSS and obtaining coarse synchronization using the PSS, the UE tries to detect the DRS-I just beside the detected PSS.
3. If the DRS-I is detected, the UE proceeds to perform RRM measurements on the DRS.
· If a UE is not configured to use the DRS-I in the discovery procedure, then:

1. In the configured search window, the UE searches for PSS.
2. If detecting a PSS and obtaining coarse synchronization using the PSS, the UE proceeds to perform RRM measurements on the DRS.
Hence, if DRS-I detection is configured, the DRS-based RRM measurement and reporting is performed only after detection of DRS-I. Note that the UE is not aware of if the configured discovery search window contains the discovery burst or not. The UE follows the same simple procedure in both cases.
3 Example Implementation
This section outlines an example implementation for the autonomous detection of the rough relative time difference by the assisting (serving) cell.
1. The assisting cell learns that there is a small cell cluster operating ON/OFF. It also learns the DRS configuration (DRS period, time offset, frequency resources, etc.), if configurable. However, the assisting cell does not yet know the rough relative time difference to the small cell cluster. The small cell cluster transmits DRS-I.

2. The assisting cell configures the UEs to use DRS-I in the discovery procedure. 

3. The assisting cell configures/reconfigures UEs with different discovery search windows (i.e. different configured relative time differences) and, if necessary, inter-frequency measurement gaps, so that eventually a discovery search window will contain a discovery burst.

4. UEs configured with the wrong relative time difference (i.e. the configured search window does not capture the discovery burst) may still detect PSS in their discovery search windows and perform coarse synchronization. However, the DRS-I will not be detected next to the detected PSS. Therefore, these UEs will not try to perform DRS-based power measurements on resources that do not carry the DRS (the resources that would have carried DRS if the detected PSS was actually the PSS of the discovery burst). Note that these resources could instead carry other channels, such as PDSCH, which could falsely give high power measurement results.
5. UEs configured with roughly the right relative time difference (i.e. the search window captures the discovery burst) could detect the PSS of the discovery burst in their search windows and perform coarse synchronization. The DRS-I next to the detected PSS will be detected if the UE is close to the small cell cluster. Then, the UE will perform the DRS-based RRM measurements on the right resources and report the results.
6. When a UE finally reports DRS-based RRM measurement results, the assisting cell knows which search window the UE used. The assisting cell can conclude that the relative time difference the UE used is roughly correct.

7. Subsequently, the assisting cell uses the autonomously detected rough relative time difference when configuring discovery search windows. The assisting cell may or may not continue to configure UEs to use DRS-I in the discovery also after the rough relative time difference has been detected.

Observation 2: A DRS indicator (DRS-I) in the discovery burst can enable an assisting cell to autonomously obtain rough relative time difference information.

Note that if the assisting cell obtains the relative time difference by other means, e.g. from the network, it can jump directly to step 7 at the beginning of ON/OFF operations.

4 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: A DRS indicator (DRS-I) in the discovery burst can enable an assisting cell to autonomously obtain rough relative time difference information.
Based on the observation above, and in order to support deployment scenarios where an assisting cell does not obtain rough relative time difference information from the network, we propose:
 Proposal 1: A DRS indicator (DRS-I) is part of the discovery burst. It is transmitted on the unused REs next to the PSS of the discovery burst.
If SSS is included in the discovery burst (as proposed in [4]), then the DRS-I could be transmitted on the unused REs next to PSS/SSS, with improved performance.
Proposal 2: A UE can be configured to detect the DRS indicator (DRS-I) before proceeding to perform DRS-based RRM measurements and reporting.
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6 Appendix

In this appendix, the DRS indicator (DRS-I) is presented in more detail.
The DRS-I is transmitted on the unused REs next to the PSS(s) in the discovery burst. This assumes that at least one PSS is included in the discovery burst, for instance for the purpose of coarse synchronization and cluster identification [4]. There are 10 unused REs next to a PSS, with 5 REs above and 5 REs below the PSS. The transmission of a DRS-I on the otherwise unused REs means that the signal has zero overhead and that the signal is not degraded by interference from other channels, resulting in very good detection performance.
In the proposed design, the DRS-I is transmitted on 2 REs above the PSS and 2 REs below the PSS. The 2 REs just below and above the PSS are used as guard. The other 4 REs are used for noise power estimation.
It was shown in [5] that signal transmission on the unused REs has no impact on the legacy cell search performance. In the proposed signal design, the DRS-I consists of 4 CSI-RS configurations, shifted in time to the PSS symbol and with the same period as the discovery burst. Muting is applied to mask out all REs except the unused next to PSS. Hence, the signal is one of the candidates listed in [1] (CSI-RS), with the Tx-side enhancements time-shift and muting and the Rx-side enhancement DRS-I detection. The 4 unused REs used for noise power estimation could be seen as CSI-IM resources.
If SSS is included in the discovery burst, then the number of unused REs doubles. In this case, the DRS-I can be transmitted on the unused REs next to the PSS/SSS, with improved performance. 

The simple DRS-I detection works as follows:

1. The UE measures the received power on the 4 CSI-RS configurations corresponding to the DRS-I, taking the frequency domain muting into account.

2. The UE measures the received noise power on the other 4 unused REs, where nothing is transmitted.
3. If the estimated DRS-I power is at least X dB above the estimated noise power, then the DRS-I is detected.

If UEs are configured to use DRS-I in the discovery procedure, then all the cells that transmit DRS in the discovery burst should also transmit the same DRS-I, in order to provide sufficient DRS-I coverage. In other words, all those cells transmit all 4 CSI-RS in the burst.
The DRS-I detection performance has been simulated under the simulation assumptions for scenario 2A [6], with
· 10 cells in 1 cluster

· 2 TX and 2 RX antennas

· Small cell frequency offsets uniformly distributed in +/- 350 Hz

· Small cell timing offset uniformly distributed in +/- 0.5CP

· X = 10 dB, i.e. the detection threshold above the estimated noise power level, resulting in false alarm rate < 0.1%. If SSS is included in the discovery burst, and the DRS-I is transmitted on the unused REs next to the PSS/SSS, then X could be reduced to some extent, keeping the same false alarm rate 0.1%.
The results show 100% DRS-I detection probability.






