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1 Introduction
In RAN#68 meeting, a new work item on Licensed-Assisted Access to Unlicensed Spectrum was approved [1] and the following functionalities shall be specified:
· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)
· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)

· UE support for carrier selection (RAN1, RAN2)
· UE support for RRM measurements including cell identification (RAN1, RAN2, RAN4)
· AGC, coarse and fine time and frequency synchronization (RAN1, RAN4)
· Channel-State Information (CSI) measurement, including channel and interference (RAN1, RAN4)
In this contribution, we firstly discuss the design targets of DRS for LAA and then give our DRS design.
2 Discussion

The design targets of DRS for LAA 

In our view, the following shall be considered in the design of DRS for LAA.

1) DRS design for LAA shall meet the regulatory requirements in unlicensed carrier, including both the requirement on time continuous transmission as well as the occupied channel bandwidth.
2) DRS for LAA should be able to support at least coarse time/frequency synchronization. 

3) LAA DRS design shall provide sufficient performance of cell detection and RRM measurement even based on a single DRS occasion. 
4) LAA DRS design should support the identification of the LAA operator in addition to physical cell ID, in order to solve the confusing issue when multiple operators are using the same unlicensed channel. 
5) Frequency reuse one shall be supported for DRS transmission of multiple LAA cells within single operator., in order to reduce the overhead of DRS transmission from the system perspective and the power consumption in cell discovery and RRM measurement procedure for the LAA UEs.   

6) LAA DRS should also support CSI measurement, which provides additional opportunities for channel and interference measurement and thus reduce the CSI report latency. 

Based on the above discussions,  we have the following proposal: 

Proposal 1: The following design targets should be considered for LAA DRS in Rel-13

· Meet the regulatory requirement of unlicensed frequency band

· Support of coarse time/frequency synchronization
· Support of sufficient performance of one shot cell detection and RRM measurement
· Support of operator identification

· Support of frequency reuse 1

· Support of CSI measurement

DRS design for LAA

Based on the above indentified design targets, it is considered to reuse the Rel-12 DRS design for small cell as much as possible to reduce the potential specification efforts. PSS/SSS can be used for the purpose for coarse time/frequency synchronization.  
Based on the study of Rel-12 small cell enhancement [2], it is reliable to detect the strongest small cell by using single copy of PSS/SSS. In LAA scenario, the reliable detection of strongest cell is enough for the LAA UE as no mobility handling is required on the unlicensed carrier. For RRM measurement, as discussed in our companion contribution [3], the current RSRP measurement performance requirement of [-4.5 4.5] dB can be meet by using single port CRS of 25 PRBs in a single DRS occasion. Note that it has been agreed that bandwidth below 5MHz is not supported.
In Rel-12, CSI-RS can be optionally configured to support CSI-RS based RSRP measurement. The motivation was to measure each transmission point in the shared cell ID deployment scenario. However, the necessity of shared cell ID deployment scenario is to be clarified on the unlicensed band. In addition, as the transmission of CSI-RS in each TP shall be subject to LBT, UE shall perform CSI-RS blind detection in order to measure RSRP based on CSI-RS. Therefore, the CSI-RS based RSRP measurement may not be necessary or feasible for unlicensed carrier deployment [3]. Meanwhile, CSI measurement based on DRS can be supported if multi-ports CSI-RS can be included in each DRS burst. Note that such CSI-RS transmission is cell specific therefore the UE is able to know the presence of CSI-RS for the serving cell if the corresponding PSS/SSS is detected. 
Furthermore, in order to meet the regulatory requirement of unlicensed frequency band and support operator identification, a broadcast channel can be transmitted on the OFDM symbols that are not occupied by PSS/SSS/CSI-RS in the DRS burst. The broadcast channel not only guarantees the continuity of the DRS burst in time domain but also carries the operator related information such as PLMN id. Note that, two ports of CRS would be required in the DRS burst for the demodulation of the broadcast channel. 
Proposal 2:  It is proposed that LAA DRS consists of the following signals:
· PSS/SSS/CRS for coarse time/frequency synchronization and cell detection 

· CRS for RRM measurement
· Multi-ports NZP CSI-RS and/or CSI-IM for CSI measurement 

· broadcasting channel to signal operator ID
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Figure 1 an example of LAA DRS design
It has been agreed in RAN1#81 meeting that a single idle sensing interval allows the start of a DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC. Such a LBT scheme is beneficial to support frequency reuse 1 transmission of DRSs belonging to different LAA cells. Furthermore, in order to increase the opportunities of LBT for DRS transmission, multiple time positions for DRS in one DMTC shall be supported. In the DMTC, the last OFDM symbols of each DRS candidate position can be preserved as the CCA window for the DRS in the next DRS time positions. 
(e)PDCCH/PDSCH transmission in DRS burst

As discussed above, for LAA DRS design, PSS/SSS/CRS as in Rel-12 DRS burst (two ports) can be reused. Broadcast channel and multi-ports CSI-RS can also be included in LAA DRS burst. Since LAA will support carrier bandwidth of at least 5MHz. There would be unoccupied frequency and/or time domain resources in the DRS subframe for LAA carriers with large bandwidth (e.g. 20MHz). If those resources are not utilized, the system efficiency will be affected and most importantly the regulatory requirement of unlicensed frequency band wouldn’t be meet. Therefore it is beneficial to utilize those resources in the DRS burst to transmit useful signals such as PDSCH/EPDCCH/PDCCH. 

Proposal 3: PDSCH/EPDCCH/PDCCH can be transmitted in the DRS burst.

Based on the above discussion, an example of LAA DRS design is illustrated in Figure 1. There are 12 OFDM symbols in the DRS burst of 1ms. PSS/SSS and broadcast channel are mapped to the central 6 PRBs. PDCCH/EPDCCH/PDSCH are mapped to the resources that are used by the DRS signals.
3 Conclusions

In this contribution, we discuss LAA DRS design with the following proposals.
Proposal 1: The following design targets should be considered for LAA DRS in Rel-13

· Meet the regulatory requirement of unlicensed frequency band

· Support of coarse time/frequency synchronization
· Support of sufficient performance of one shot cell detection and RRM measurement
· Support of operator identification

· Support of frequency reuse 1

· Support of CSI measurement

Proposal 2:  It is proposed that LAA DRS consists of the following signals:

· PSS/SSS/CRS for coarse time/frequency synchronization and cell detection 

· CRS for RRM measurement

· Multi-ports NZP CSI-RS and/or CSI-IM for CSI measurement 
· broadcasting channel to signal operator ID
Proposal 3: PDSCH/EPDCCH/PDCCH can be transmitted in the DRS burst.
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