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Introduction

In TR 36.889 [1], for DRS design it is recommended that:
· 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
· Transmission burst containing DRS signals should consist of continuous OFDM symbols
· FFS: How to realize contiguous OFDM symbol transmission 
· DRS design should allow DRS transmission on an LAA SCell to be subject to LBT
In this document, we present our views and alternatives for DRS design.
DRS Design Options
We discuss the following two skeleton designs which can be used as the basis for LAA DRS design. 
· LAA DRS design based on Rel-12 DRS is desirable to minimize the implementation impact.  Existing legacy Rel-12 DRS is shown in Figure 1.  
· Figure 2 describes an illustration of a DRS design containing additional CRS within the Rel-12 DRS burst to ensure contiguous DRS transmission. Note that additional CRS can improve DRS detection and RRM performance. 
	

Figure 1: Illustration of Rel-12 DRS design
	

Figure 2: Additional CRS within Rel-12 DRS burst



Below we describe variations of DRS designs in Figure 1 and Figure 2 to maintain the desirable properties of DRS. 
· For the DRS designs in Figure 1 and Figure 2, the OFDM symbols within DRS burst transmitted outside DL burst may have lower energy than DRS burst within DL burst.  Furthermore, a contiguous DRS transmission with low energy variation within DRS burst symbols is desirable so that the contenting nodes do not assume that channel is idle during the DRS transmission, thereby avoiding any potential collisions. 
· The contiguity and low energy variation for DRS symbols transmitted outside DL burst can be achieved by transmitting a signal transparent and unknown to UEs in the empty REs.  However, such an option may not be desirable as the empty REs of Rel-12 DRS could be used to carry useful signal such as additional CRS.
· RS can be transmitted with power boosting for the DRS outside DL burst to minimize the energy variation across DRS burst symbols within and outside DL burst.  RRM and CQI feedback reporting from the UE based on the DRS transmission with CRS boosting should be compensated at the eNB as discussed in our companion contribution [2]. 
· Cell identification and DRS detection can be improved by increasing the number REs occupied by PSS/SSS symbols.  PSS/SSS signal may be extended to occupy the entire transmission bandwidth. The existing PSS/SSS sequences of length 62, occupying the centre 6 RBs are copied across RBs in the frequency domain.  

Proposal 1: Consider following options for DRS design when DRS is transmitted outside of DL data burst.
a. Signal transparent to UE can be transmitted on the REs not used for RS and PSS/SSS transmission. 
b. Additional CRS/PSS/SSS can be transmitted to improve the RRM measurements, DRS detection and time/frequency synchronization. 
c. Consider RS power boosting as an option for improving RRM measurements and maintain low power variation across DRS symbols. 
Conclusion
In this contribution, we presented our views and alternatives for DRS design.

Proposal 1: Consider the following options for DRS design when DRS is transmitted without PDSCH
a. Signal transparent to UE signal can be transmitted on the REs not used for RS and PSS/SSS transmission 
b. Additional CRS/PSS/SSS can be transmitted to improve the RRM measurements, DRS detection and time/frequency synchronization.
c. Consider RS power boosting as an option for improving RRM measurements and maintain low power variation across DRS symbols. 
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