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Introduction
As noted in TR 36.889 [1], the use of the Rel-12 DRS on a carrier in unlicensed spectrum has additional constraints including Listen-before-talk requirements. In this document, we discuss the design of the DRS considering the impact of the LBT and unlicensed nature of the spectrum. 


In RAN1#81, for transmission of DRS it was decided 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

Furthermore,
It was agreed that 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 for coarse time/frequency synchronization
· Reference signals embedded 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.

Design Considerations for DRS 
According to agreements, DRS design should take into account following design principles: 

i) Detection of DRS from a cell based on a single DRS occasion should be achieved.
The detection of DRS should be achieved with high probability, when DRS location is not known a-priory due to LBT. The detection of DRS should include identification of the cell-ID. It is possible to use/modify existing PSS/SSS schemes for the improving detection of the cell-ID/operator and time synchronization.  DRS design can increase the number of REs containing PSS/SSS/CRS/CSI-RS with respect to Rel. 12 DRS design, thereby increasing detection probability and improving time-frequency synchronization and RRM performance. 
ii) DRS should consist of continuous OFDM symbols to avoid collisions with other transmissions in the network. 
This should be achieved by use of CRS transmission in the unoccupied symbols.  CRS transmission can further improve the RRM measurements and coarse frequency synchronization based on the single DRS occasion. 
iii) The energy variation among DRS symbols should be minimal. The LBT algorithm performance significantly depends on the energy sensing mechanism. Any inter-symbol variation can alter LBT behaviour and cause unnecessary collisions among nearby transmitting nodes. 
iv) DRS may contain the operator ID to reduce PCI collision and confusion. However, according to the agreements in the TR, additional information of operator ID in DRS may not be needed 
v) DRS transmission within a PDSCH burst and outside a PDSCH burst should take place in the same RE positions, for PSS/SSS/CRS/CSI-RS. A reservation signal may not be needed with PDSCH transmission. 
vi) A known CRS signal in the unoccupied symbols can help UE determine if a DRS transmission outside a PDSCH burst takes place. Alternatively, if the initial signal present before the start of the data burst, it can also indicate UE, whether DRS is transmitted outside of the data burst. . 

Proposal 1: Repetition of PSS/SSS across frequency should be considered to improve DRS detection probability. 

Proposal 2: PSS/SSS and RS positions should be maintained when DRS is transmitted with and without PDSCH in the data burst. 


Proposal 3: The unoccupied symbols should be replaced with CRS on port 0,1 when DRS is transmitted without PDSCH transmission. 


Proposal 4: CRS in the unoccupied symbols should indicate UE that DRS is transmitted  outside PDSCH in the data burst.  Alternatively, if the initial signal presents before the start of the data burst, it can also indicate UE, whether DRS is transmitted outside of the data burst. 


Proposal 5: The DRS design should minimize power variation across symbols. RS should be transmitted with power boosting (up-to 20 dB) when DRS is transmitted without PDSCH.  CRS and CSI-RS power boosting can be different depending on the number of ports used for CRS/CSI-RS transmission. 


Based on the above design principles, we utilize the existing structure of the Rel. 12 DRS design, wherein the current PSS/SSS/CRS/CSI-RS RE positions are kept as defined by Rel. 12. Furthermore, in order to guarantee a continuous DRS transmission and minimum bandwidth requirement, CRS is transmitted in the empty symbols. Specifically, the reservation signal consist of CRS on the empty symbols, occupying the REs used for port 0 and 1 transmission. 

[bookmark: _GoBack]PSS/SSS signal should be extended to occupy the entire transmission bandwidth. The existing PSS/SSS sequences of length 62, occupying the center 6 RBs (in 1.4 MHz) are copied across RBs in the frequency domain. 
Power boosting can be applied to all symbols to minimize the power variation across the symbols within DRS and following PDSCH transmissions and improving the RRM reporting. RRM reporting and CQI feedback reporting from the UE based on the DRS transmission with CRS boosting, should be compensated at the eNB.  Specifically, as RRM reporting is based on a single DRS occasion, eNB implicitly has knowledge about the DRS power boosting. However, for CQI feedback, we propose that CQI feedback should be reported without any UE filtering as discussed on our companion contribution [2].

Figure 1 describes the DRS signal design when DRS is transmitted outside of the data burst. We refer this design as standalone DRS.  In this design, as described in the above, PSS/SSS is repeated in frequency domain, while CRS is present in the unoccupied symbols 1,2,3, and 8. Symbols 12 and 13 are left unoccupied as it does affect the collision probability of DRS with other transmissions from nearby transmitters. Furthermore, it reduces the interference overhead. 

Figure 2 describes the DRS signal design when DRS is transmitted within the data burst with PDSCH transmission.  UE can differentiate the standalone DRS transmission and the DRS transmission within data burst by blind detection of the CRS in symbols  1,2,3 and 8 within DRS transmission.

It is possible that DRS is transmitted within Data burst without PDSCH transmission 
· If DRS is transmitted within DRS burst without PDSCH then standalone DRS is transmitted. In case, DRS is transmitted without PDSCH in the data burst, but with PDCCH, then the unoccupied symbols are replaced with CRS as described in standalone DRS transmission. 
·  If potential DRS transmission overlaps with the  uplink sub-frame, then UL grant is not transmitted.
·  If potential DRS transmission overlaps with a fractional subframe consisting of less than 14 symbols, then DRS is not transmitted. 





Figure 1: An illustration of Standalone DRS design without PDSCH, consisting of CRS transmission on port 0 and 1, CSI-RS transmission on ports 16, 17. CRS is present in the empty symbols, occupying the REs used for port 0,1  transmission.  



Figure 2: An illustration of DRS design with PDSCH in the data burst, consisting of CRS transmission on port 0 and 1, CSI-RS transmission on ports 16, 17. 

Conclusion
Proposal 1: Repetition of PSS/SSS across frequency should be considered to improve DRS detection probability. 

Proposal 2: PSS/SSS and RS positions should be maintained when DRS is transmitted with and without PDSCH in the data burst. 


Proposal 3: The unoccupied symbols should be replaced with CRS on port 0,1 when DRS is transmitted without PDSCH transmission. 

Proposal 4: CRS in the unoccupied symbols should indicate UE that DRS is transmitted  outside PDSCH in the data burst. Alternatively, if the initial signal present before the start of the data burst, it can also indicate UE, whether DRS is transmitted outside of the data burst. . 

Proposal 5: The DRS design should minimize power variation across symbols. RS should be transmitted with power boosting when DRS is transmitted without PDSCH.  CRS and CSI-RS power boosting can be different depending on the number of ports used for CRS/CSI-RS transmission. 
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