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1
Introduction
This document discusses the structure of the discovery reference signals (DRS) for LAA. 
2
DRS structure
2.1
Design Considerations
The Rel-12 discovery signal consists of PSS/SSS, one (or two) port CRS and possibly CSI-RS. The structure of the discovery signal including the location of PSS/SSS signals is also different for FDD and TDD carriers. The CRS may also be transmitted on several valid DL subframes to improve the quality of RRM measurements.
2.1.1
Resource occupancy

In the absence of data traffic, an eNB operating in the licensed spectrum transmits only the DRS signals and may choose to blank out the rest of the resources. However, in the unlicensed spectrum, such resource blanking may result in some other nodes occupying the medium due to the transmission gaps. Hence, for LAA the DRS signal should be transmitted contiguously without any gaps. 
2.1.2
TDD vs FDD structure for DRS
The DRS on FDD carriers spans one subframe and while the DRS on TDD carriers spans one additional OFDM symbol. To minimize the total time occupied by DRS transmissions, we propose to use the FDD structure with PSS and SSS in adjacent OFDM symbol subframes in a subframe for LAA carriers which support DL only transmissions and also DL and UL transmissions.
2.1.3
Transmission instances
In previous RAN1 meeting [1], two options were considered for the DRS. The first option proposed transmitting DRS at a fixed instance in a discovery window and the second option proposed to transmit the DRS in one of several possible locations within a discovery window in each DMTC period. The transmission of DRS in both options would be subject to a short LBT.
In addition, transmission of discovery signals outside the discovery window in an opportunistic manner may also be beneficial as the DRS transmission within the window is subject to LBT. This suggests that the DRS structure be compatible with the CRS transmission present in non-MBSFN DL subframes [2]. 
2.1.4
PLMN ID signalling

When LAA nodes from multiple operators with different PLMN IDs are present within the sensing range of a UE searching for an LAA carrier or attempting to perform a RRM measurement, the UE must be able to distinguish the signals from these different operators even if they have the same Cell ID. Thus, we propose that DRS signals occurring within the discovery window also carry one or more PLMN Ids associated with the eNB to enable a UE to determine the operator corresponding to a detected cell. 
2.1.5
Narrowband vs. Wideband measurement

When operating in unlicensed spectrum, a UE may need to perform measurements from possibly asynchronous cells from the same operator or different operators. 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.   
2.2
Proposed DRS structure
To meet the design considerations discussed previously, we propose a DRS structure similar to the DRS on LTE FDD carriers as shown below. 
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The CRS (one or two ports) is present on 0, 4, 7 and 11 and carry the PSS and SSS of symbols 5 and 6. A CSI-RS signal may also be configured the eNB to at least to enable CSI-RS based PLMN ID determination/confirmation. 

To improve the measurement accuracy and to satisfy the channel occupancy requirements, we propose that signals such as CRS (with higher density occupying all the tones), PSS and SSS be added in the center 6RBs of all the other OFDM symbols for the DRS transmission a discovery window. These additional signals would not be present when DRS is transmitted opportunistically along with PDSCH outside the discovery window. Such a repetition can improve the reliability of DRS detection and RRM measurements. However, we do not propose to expand the PCI space by using the extra transmissions of PSS and SSS.
Next, some resources in the DRS transmitted within the discovery window may be reserved for broadcasting one or more PLMN IDs to enable the UEs to determine which operator a certain cell belongs to. This may also be accomplished in part using CSI-RS signals by modifying the sequence generation procedure. However, indication of multiple PLMN IDs using CSI-RS scrambling would be very difficult to accomplish.
The rest of the time frequency resources in the DRS subframe within the discovery window should be unspecified. These resources would be used in future LAA systems, for example when LAA SCells can be added as part of the dual connectivity framework. 
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Conclusions 

In this document, we discussed the design considerations for DRS transmission on LAA SCells. We propose that the following
1. LAA DRS is similar to Rel-12 DRS on one subframe with CRS, PSS, and SSS.
2. DRS may be opportunistically transmitted in fixed subframes outside the discovery window.
3. One or more PLMN Ids are signaled in the DRS.
4. PSS, SSS and CRS can be repeated in the center 6RBs to improve measurement accuracy and satisfy transmission continuity.
5. The time-frequency resources in rest of the DRS subframe is left unspecified for future compatibility.
6. RAN4 to decide between narrowband and wideband measurements.
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