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1
Introduction
In this document, we illustrate the reception of discovery signals and RRM procedure for LAA.
2
DRS and RRM measurements
2.1
Discovery Signal Transmission [1]
The discovery reference signal (DRS) containing the PSS, SSS, CRS, CSI-RS (optional) and PLMN ID broadcast message and is transmitted (subject to LBT) at least once with the discovery window in each DMTC period. To enable forward compatibility with future LAA systems such as LAA with dual connectivity, unused time and frequency resources within the DRS may be reserved as shown in Figure 1.
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Figure 1: DRS transmission within and outside the discovery window
In addition, the discovery signal containing only the PSS, SSS, CRS and potentially the CSI-RS may be transmitted opportunistically once every radio frame in a pre-configured subframe. This allows the UE to receive multiple instances of the basic discovery signal and allow filtering to improve the accuracy of RRM measurements. The UE validates the presence of opportunistic DRS transmissions outside the discovery window by detecting the CRS present in symbol 0. For example, if the UE is configured to receive opportunistic DRS transmissions once every 10ms in subframe 0 of a radio frame, the UE detects the presence of CRS in symbol 0 in the subframes with SFI = 0 to determine if it is a valid DL subframe containing DRS. In addition, it is necessary to enable the UE to differentiate whether a non-serving cell’s DRS signal was transmitted within or outside of the neighbor cell’s discovery window (the neighbor cell’s discovery window might not be time aligned the UEs configured DMTC). Note that subframes which contain the opportunistic DRS cannot by definition be configured as MBSFN subframes. 
2.2
DRS transmission within discovery window
Two different options have been listed in the LAA TR [2] for DRS transmission within the discovery window. In the first option, the DRS is always transmitted at one fixed position within the DMTC window if the channel is available at that time. In the second option, the DRS may be transmitted in at least one subframe within the discovery window with a possibility to restrict the number of transmission positions to one. We now discuss the pros and cons of both the options.
The key benefit of option 1 is that it simplifies detection of DRS at the UE, as the subframe in which the DRS may be present is known apriori. The UE can easily detect whether there was an eNB transmission in the designated subframe (for example, using CRS on symbol 0) and process the DRS for performing an RRM measurement or detecting the PLMN ID [3]. The drawback of option 1 is that it reduces the chance of DRS being transmitted and hence may reduce the reliability of RRM measurements, especially in scenarios with a large number of nearby nodes and high traffic load.
On the other hand, option 2 allows more flexibility in transmitting the DRS by selecting one of several possible positions. While this improves the DRS transmission probability, it complicates the rate matching procedure for other physical channels transmitted in the DRS window.

While both options have their benefits and drawbacks, we propose to restrict the number of possible subframe candidates in option 2 to only one subframe. 
2.3
Wideband vs. Narrowband measurement
When operating in unlicensed spectrum, a UE may need to perform measurements from possibly asynchronous cells from the same operator or different operators. A wideband measurement improves reliability and can be more robust against frequency selective channels. However, if a UE has to perform wideband measurements for RRM, then the UE either needs dedicated FFT engines for measurements to perform an asynchronous FFT or needs to be configured with measurement gaps for both intra-frequency and inter-frequency measurements. Taking these factors into account, we propose that RAN4 should make a decision on the measurement bandwidth for LAA RRM.   

2.4
RSSI measurement definition
RSSI measurement for RRM measurement can be performed at several possible locations within a radio frame. For example, the measured RSSI could be different in the following scenarios

1. Subframe in which DRS is transmitted within the discovery window

2. Other subframes in the DRS period on which DRS is not sent

3. Subframes in which eNB transmits DL
4. Subframes in which UL is configured but the measuring UE does not transmit

5. Subframes in which there is no active DL or UL on the serving cell

Each of these scenarios may provide a different value of RSSI as the set of transmitting nodes would be different in each of these scenarios due to the LBT procedure for channel access. While reporting different types of RSSI may be beneficial it may also cause significant signalling overhead especially if RSSI is to be reported on a large number of unlicensed carriers. We thus propose to report the RSSI as measured in the DRS subframes and an averaged RSSI measured out of the DRS subframes to the eNB. Alternatively, the UE can construct a CDF of the measured RSSI and report several salient points to the eNB in each report. The UE updates the CDF based on the measurements in a configured duration and discards the previous RSSI measurements. This ensures that RSSI reporting reflects the latest channel conditions at the UE.
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Conclusions 

In this document, we discuss various aspects of DRS signal transmission and RRM measurements. We propose that RAN4 debate and decide on wideband vs. narrowband RRM measurements in unlicensed spectrum.
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