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1 Introduction
The following agreements on the discovery signal design for LAA were made during the SI:
·  Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
· Design targets of LAA DRS includes at least

· LAA DRS should at least support for RRM measurement

· Detection of DRS from a cell based on a single DRS occasion
· Feasibility is for further evaluation

· Transmission burst containing DRS signals should consist of continuous OFDM symbols
· FFS: How to realize contiguous OFDM symbol transmission 
· Followings are updated agreements (bold fonts are updated points) from LAA ad-hoc meeting (see minutes in R1-151455) 

· DRS design should allow DRS transmission on an LAA SCell to be subject to LBT

· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS

· Alt1: Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC

· Alt2: Subject to LBT, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC if LBT succeeds
· Note: The number of different time positions should be restricted

· Note: One possibility is one time position in the subframe

· Modifications to Rel-12 DMTC configuration are FFS

· Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC

· It is a design target that the following signals or combination of the following signals can provide functionality for the UE’s time/frequency synchronization for the reception of a DL transmission burst in LAA SCell(s)

· serving cell’s DRS for RRM measurement
· Note that DRS for RRM measurement can be used at least for coarse time/frequency synchronization

· Reference signals imbedded within DL transmission bursts (e.g. CRS and/or DMRS)

· If there is an additional reference signal, this signal can be used
· Note that Reference signals can be used at least for fine time/frequency synchronization
· FFS: Other candidates (e.g., initial signal, DRS)
· FFS: DRS for RRM may also support functionality for demodulation of potential broadcast data multiplexed with DRS transmission

· FFS if broadcast data transmission with DRS is recommended to be supported in Rel-13

· It should be noted that the potential broadcast data above cannot enable stand-alone operation of unlicensed carrier cells

· FFS if other mechanism or signals (e.g., initial signal, DRS) for time/frequency synchronization is necessary to support reception of DL transmission burst
· It is recommended that the RS bandwidth and density/pattern of the DRS design for LAA allows support for RRM measurement based on a single DRS occasion
· Note that at least LAA carrier bandwidth below 5 MHz is not supported

In this contribution, we provide our views on the LAA DRS design. 
2 Discussion
Although it has been agreed that Rel-12 DRS can be the starting point for LAA, modifications to the Rel-12 DRS is necessary for its efficient usage in LAA. In this section, we discuss several aspects on the LAA DRS design.

The Rel-12 at least contains PSS/SSS/CRS and may additional contain CSI-RS. It is obvious that the Rel-12 DRS does not occupy consecutive OFDM symbol. The vacant OFDM symbols within the Rel-12 DRS occasion makes it unsuitable for LAA, since other devices may obtain the channel during the vacant OFDM symbols and start transmission, which creates interference to the LAA DRS. Therefore, an LAA DRS occasion shall occupy consecutive OFDM symbols. From the transmission efficiency point of view, it is preferable that no reservation signal is transmitted in the LAA DRS, except that transmitted at the beginning of the LAA DRS occasion to align with the OFDM symbol boundary.
Proposal 1:  An LAA DRS occasion shall occupy consecutive OFDM symbols, and no reservation signal shall be transmitted in the middle of a DRS occasion.
The LAA DRS shall provide the functionalities of RRM measurements (including cell identification) and at least coarse time/frequency synchronization. For cell identification, the LAA DRS needs to include PSS and SSS. Note that CRS and CSI-RS are not transmitted with PSS/SSS in the same OFDM symbol. Therefore, it is beneficial to repeat the PSS/SSS in the frequency domain for the following reasons:

· It helps cell identification based on a single DRS occasion;

· It improves time/frequency synchronization accuracy;

· It helps fulfilling the regulatory requirement that the transmission shall occupy 80% of the system bandwidth, although the time granularity for this requirement is yet to be clarified.

It is noted that PSS/SSS are transmitted in the center 62 REs irrespective of the system bandwidth. However, in order to maximize the number of repeated PSS/SSS, it is not necessary that a copy of the PSS/SSS is transmitted in the center 62 REs. For example, with 5MHz system bandwidth, assuming a copy of the PSS/SSS occupied 72 REs (including the reserved REs) in frequency, a maximum of 4 copies of PSS/SSS can be transmitted. On the other hand, only 3 copies of PSS/SSS can be transmitted in 5MHz if one copy of the PSS/SSS has to be transmitted in the center 62 REs. Furthermore, it is noted that the system bandwidth and center carrier frequency of the LAA SCell is informed to the UE via RRC signaling, which allows the UE to derive the number of repeated PSS/SSS transmissions in an LAA DRS occasion. Therefore, we have the following proposal:

Proposal 2: LAA DRS shall include PSS/SSS, and PSS/SSS are repeated in the frequency domain.  
Furthermore, Rel-12 DRS is different for FDD and TDD, in terms of the PSS/SSS location and hence the minimum duration of a DRS occasion. For LAA, it is not clear if such a differentiation is needed anymore, especially if a new frame structure is introduced for carriers on unlicensed spectrum. Considering proposal 1 and the fact that PSS/SSS in consecutive OFDM symbols provides better detection performance, the following is proposed. 

Proposal 3: The PSS/SSS of the LAA DRS are transmitted in consecutive OFDM symbols.  
For RSRP measurement and time/frequency synchronization, as long as the reference signal density in time and frequency is sufficiently high, such functionalities can be fulfilled. Given that CRS is not consecutive in time, it is shall be considered that CRS is not included in the LAA DRS. Note that not including CRS in the LAA DRS does not mean that CRS based PDSCH transmission schemes and PDCCH shall not be supported on the LAA SCell. Furthermore, it has been discussed in several contributions that it is beneficial to keep the LAA DRS occasion shorter than 1ms, or even 0.5ms. This would mean that a full Rel-8 CRS antenna port may not be transmitted within a LAA DRS occasion. Consequently, RSRP and time/frequency synchronization can be based on CSI-RS or SSS in the LAA DRS. It is noted that to facilitate CSI feedback, it is anyway beneficial to have multiple NZP CSI-RS in the DRS occasion, such that a UE can obtain the CSI by the NZP CSI-RS in the DRS. These multiple NZP CSI-RS for CSI feedback can be used for RSRP measurement and time/frequency synchronization as well. It is further noted that CSI-IM shall be configured within the LAA DRS occasion, to allow UEs measure the interference on the LAA SCell.
Proposal 4: Consider not to include CRS in the LAA DRS. If LAA DRS does not include CRS, sufficient amount of NZP CSI-RS shall be present in the LAA DRS to support RRM measurement and time/frequency synchronization.         
Proposal 5: NZP CSI-RS and CSI-IM for CSI measurement purpose shall be present during LAA DRS occasion.        

In Rel-12, the duration of a DRS occasion can be up to 5ms. It is not desirable to have such a long duration for LAA DRS, since the TXOP may only be 4ms for some regions. Furthermore, the longer the DRS occasion, the larger the overhead for DRS transmission. Hence, it is desirable to consider shorter duration for LAA DRS. The exact LAA DRS duration is FFS and needs to fulfill the requirement of RRM measurement using a single DRS occasion.
3 Conclusions
In this contribution, we discuss the LAA DRS design, with the following proposals:
Proposal 1:  An LAA DRS occasion shall occupy consecutive OFDM symbols, and no reservation signal shall be transmitted in the middle of a DRS occasion.
Proposal 2: LAA DRS shall include PSS/SSS, and PSS/SSS are repeated in the frequency domain.  

Proposal 3: The PSS/SSS of the LAA DRS are transmitted in consecutive OFDM symbols.  
Proposal 4: Consider not to include CRS in the LAA DRS. If LAA DRS does not include CRS, sufficient amount of NZP CSI-RS shall be present in the LAA DRS to support RRM measurement and time/frequency synchronization.         
Proposal 5: NZP CSI-RS and CSI-IM for CSI measurement purpose shall be present during LAA DRS occasion.        
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