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[bookmark: _Ref301342314]Introduction
RAN1 has discussed functionalities for LAA and reached the following agreements [1]. 
	Agreements:
· 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


In this contribution, we discuss details of the DRS design.
DRS transmission and LBT scheme
At the previous meeting, RAN1 discussed DRS transmission and agreed on Alt1 and Alt2 for the case where LBT is applied. In this section, we discuss these two alternatives and the LBT method for DRS transmission.
In the Alt1 case the impact on the specification and the UE’s receiver complexity are negligible because UE can just follow the DMTC. Additionally DRS is used as broadcast signals/information which is always received by all the serving (and the non-serving) UEs and the fixed opportunity of the transmission timing is beneficial. If transmission timing is not fixed, UE needs to search the DRS timing for every transmission resulting in higher power consumption. On the other hand, Alt1 does not allow achieving an adequate synchronization accuracy and/or necessary RRM measurement may not be available when the LBT doesn’t succeed for a long period of time. It causes severe impact on data reception and/or RRM functionality.
In the Alt2 case the UE can maintain synchronization accuracy and RRM measurement availability when the DRS transmitted is transmitted at different time position(s) even when the LBT doesn’t succeed within the fixed time position(s).
If Alt2 is applied, it increases the UE complexity to search for the multiple time position(s) configured by enhanced DMTC. Furthermore, UE may need to be aware of the DRS subframes for RRM measurement (e.g. replica sequence generation based on subframe/slot number, estimation of the next DRS occasion, etc.).
Above discussion is summarized in Table.1. In our opinion, Alt1 is preferred to avoid increase in UE complexity and higher power consumption if the synchronization accuracy and the RRM measurement requirements are met with or without any enhancements. RAN1 should evaluate Alt1’s impact on synchronization and RRM measurement, and ask RAN4 for the corresponding requirements if needed.
Proposal 1 
RAN1 should evaluate Alt1’s impact on synchronization and RRM measurement, and ask RAN4 for the corresponding requirements if needed. RAN1 should consider possible enhancements to the Alt1.

Table.1 Comparison between Alt1 and Alt2
	
	Advantage
	Disadvantage

	Alt1
	Low UE complexity and power consumption
Small specification impact
	Higher Synchronization inaccuracy
Low RRM measurement availability

	Alt2
	Higher Synchronization accuracy
High RRM measurement availability
	High UE complexity and power consumption
Large specification impact including additional subframe number information



One of the possible enhancements is to allow multiple DRS transmissions within multiple subchannels if the subchannel is not busy i.e., LBT is successful. (e.g. 20MHz, 2x10MHz, 4x5MHz) . This is beneficial since the channel conditions for every subchannel is different (e.g. unused RBs in DL/UL, UL transmission from far-UE). 
Proposal 2 
[bookmark: _GoBack]RAN1 should consider both the time domain and the frequency domain based enhancements of DRS.

Physical design of LAA DRS
In our view, the following information should be transmitted by LAA SCells in the LAA DRS.
· PSS/SSS/CRS/(CSI-RS)
· Control information
· Beacon
According to the RAN1 agreement, LAA DRS should at least support the RRM measurement. Therefore, LAA DRS should include PSS/SSS/CRS for fulfilling this requirement.
For the unlicensed band, there is the European regulation about the Occupied Channel Bandwidth [2]. According to the regulation, more than or equal to 80% of resources within an OFDM symbol should be filled by some signals if the system bandwidth is less than or equal to 40MHz. The DRS includes the synchronization signals (PSS/SSS) occupying only 1.4MHz (6RB) in the center of the system bandwidth and any signals transmitted on the other resources are not specified explicitly. Therefore, there could be waste of system bandwidth in the wider system bandwidth deployments, which is not allowed by the regulation. One of the possible solutions is expanding the synchronization signals in frequency domain (e.g. correspond to system bandwidth). However, this solution significantly impacts the specification and increases the UE complexity (for example, detection of various synchronization signal sizes, etc.). In our view, RAN1 should discuss other approaches such as filling the unused resources with specific signals as shown in figure 1. Specific signals should be arranged to cover almost all the remaining bandwidth in the OFDM symbol with certain density to avoid potential miss detection in CCA by other devices (e.g. WiFi) due to low power density in the OFDM symbol.

Proposal 3 
RAN1 should reuse the current synchronizations signals for LAA DRS and discuss to fill in the blank resources with some specific signals.
 
 [image: ]
Fig.1 Example of DRS Physical design
Control information provides the LAA cell information which includes at least resource mapping information and PLMN ID. In addition, subframe number and subset of SFN are used at least for the Alt2 DRS transmission to confirm the current subframe number and subset of SFN. If current subframe number and subset of SFN are corresponding to the fixed subframe configured via DMTC by serving Cell, UE can become aware that the received DRS was transmitted at the fixed subframe. In the Alt1 case, the subframe number and subset of SFN may not be needed.
Resource mapping information provided on the Control information indicates PDSCH resource allocation information when DRS transmission occurs simultaneously with PDSCH transmission. In our view, cell(s) should simultaneously transmit PDSCH and DRS when PDSCH transmission is scheduled in the same subframe as DRS occasion.
Proposal 4 
LAA DRS subframes should include the Control information which provides the LAA cell information.

Beacon includes the information, which is related to spectrum usage, used by the neighboring cells. The neighboring LAA cells can detect the beacon and then select an appropriate channel to be used in their own LAA cells taking this information into account. The content of beacon could be related to the traffic load of unlicensed spectrum, the number of LBT failures and/or the number of the carriers used.
Proposal 5 
LAA DRS subframes should include the Beacon which includes the information, which is related to spectrum usage, used by neighboring cells.

Conclusions
Proposal 1 
RAN1 should evaluate Alt1’s impact on synchronization and RRM measurement, and ask RAN4 for the corresponding requirements if needed. RAN1 should consider possible enhancements to the Alt1. 
Proposal 2 
RAN1 should consider both the time domain and the frequency domain based enhancements.

Proposal 3 
RAN1 should reuse the current synchronizations signals for LAA DRS and discuss to fill in the blank resources with some specific signals.
Proposal 4  
LAA DRS subframes should include the Control information which provides the LAA cell information.
Proposal 5 
LAA DRS subframes should include the Beacon which includes the information, which is related to spectrum usage, used by neighboring cells.
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