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1 Introduction

In RAN1#80bis, DRS agreements from LAA ad-hoc were discussed and the following agreements were made:
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
· 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

Moreover, the following observation was made:
Observation:

· UE physical layer cannot distinguish Rel-12 DRSs for cells that belong to different operators based on Rel-12 DRS alone
In this contribution, we further discuss alternatives and targets of LAA DRS design.
2 Discussion
· 2.1
DRS transmission
The Discovery Reference Signal (DRS) introduced for Rel-12 SCE had been agreed to be the starting point for RRM measurement including cell identification for LAA. DRS is periodically transmitted and can be used for cell identification based on the PSS/SSS/CSI-RS of DRS and synchronization based on CRS of DRS. However, Listen-Before-Talk (LBT) regulatory requirements on the unlicensed spectrum may result in a delay or failure on DRS transmission. Strictly periodic DRS transmission could only be used for RRM measurement of the channels without LBT regulatory requirements or in the countries allowing Short Control Signaling (SCS) transmission [1]. The following are alternatives of DRS transmission:

· Alt. 1: Periodic DRS transmission
· Alt. 1a: Legacy DRS transmission

· Alt. 1b: DRS transmission with LBT and a shorter periodicity

· Alt. 1c: DRS transmission with LBT and multiple opportunities within a DMTC occasion
· Alt. 1d: DRS transmission with LBT and multiple opportunities within a window

· Alt. 2: Aperiodic DRS transmission
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Figure 1 Alternatives of DRS transmission
The following are the detail descriptions and discussion of the alternatives:
Alt. 1a: Legacy DRS transmission
Legacy DRS transmission with strictly periodic could still be used on the channels without LBT regulatory requirements or in the countries allowing SCS transmission. ETSI EN 301 893 [1] specifies that SCS can be transmitted without LBT regulatory requirements but SCS shall have a maximum duty cycle of 5% within an observation period of 50ms. The legacy DRS transmission as SCS can be reused without additional UE impacts. The current functionalities of legacy DRS can be fully applied to LAA. However, the SCS transmission is not globally allowed. Therefore, this alternative should be further studied and may be combined with other alternatives.
Alt. 1b: DRS transmission with LBT and a shorter periodicity
Since the SCS transmission is not allowed globally, LAA DRS transmission may need to follow LBT regulatory requirements and should be transmitted after a success LBT test. In this case, LAA DRS transmission is not guaranteed and LAA UEs need to blindly detect the DRS. In Rel-12, the DRS supports 40ms, 80ms, and 160ms periodicities. If LAA DRS transmission frequently fails due to LBT, LAA UE may loss synchronization and may be not able to reach the RRM measurement requirements. Therefore, shorter periodicities could be helpful to provide sufficient opportunities to send LAA DRS. The shorter periodicities should be further studied.
Alt. 1c: DRS transmission with LBT and multiple opportunities within a DMTC occasion
DRS transmission with LBT and a shorter periodicity could be helpful to provide sufficient opportunities to send LAA DRS, but may waste the power of LAA eNBs due to the shorter periodicity when the unlicensed channel is under a low load condition. Multiple opportunities within a DMTC occasion for a DRS transmission could be helpful to provide sufficient opportunities to send LAA DRS and avoid power wasting. After a successful DRS transmission, a LAA eNB can skip the remaining opportunities within a DMTC occasion for a DRS transmission. 
Alt. 1d: DRS transmission with LBT and multiple opportunities within a window
DRS transmission with LBT and multiple opportunities within a window is a special case of DRS transmission with LBT and multiple opportunities within a DMTC occasion. In this alternative, the multiple opportunities for a DRS transmission are limited in a window. LAA eNBs may continually perform LBT test and try to send DRS until the window expires. LAA UEs may be configured a legacy measurement gay if the window is small than or equal to 5 ms.
Alt. 2: Aperiodic DRS transmission
Aperiodic DRS transmission is trigged by LTE/LAA eNBs. In this alternative, LAA eNBs may continually perform LBT test and try to send DRS without a limit. Additional indications may be needed for LAA UEs to perform the RRM measurement.
In summary, legacy DRS transmission as SCS (Alt. 1a) is simplest and without spec impacts, but the SCS transmission is not allowed globally and a global solution is needed. Considering the LBT regulatory requirements, DRS transmission with LBT and a shorter periodicity (Alt. 1b) and DRS transmission with LBT and multiple opportunities within a window (Alt. 1d) could be helpful to provide sufficient opportunities to send LAA DRS with fewer UE spec impacts. Therefore, we propose:
Proposal 1: Periodic DRS transmission as SCS, periodic DRS transmission with LBT and a shorter periodicity, and periodic DRS transmission with LBT and multiple opportunities within a window should be further studied for LAA.
· 2.2
DRS pattern
On the other hand, Rel-12 DRS pattern need to be enhanced for the requirement of the occupied channel bandwidth defined by ETSI [1]. ETSI standards define the occupied channel bandwidth is the bandwidth containing 99 % of the power of the signal and the occupied channel bandwidth shall be between 80 % and 100 % of the declared nominal channel bandwidth. The resource of the subframes with DRS should be fully used.
Rel-12 DRS consisting of CRS, PSS, SSS, and configurable CSI-RS occupies discontinuous symbols and resource, as shown in Figure 2. A LAA eNB may use the remaining symbols and resource to send PDSCH but the LAA eNB do not always need to send PDSCH. If the LAA eNB does not send DRS with PDSCH, the DRS may not be able to satisfy the requirement of the occupied channel bandwidth. Moreover, other equipments may try to occupy the channel in the unused symbols.
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Figure 2 Rel-12 DRS pattern
There are several ways to meet the requirement. The first is to use the unused symbols and resource to send further control information, or PDSCH. The second is to use the unused symbols and resource to send further or repeated RS, such as CRS, PSS, SSS, and CSI-RS. The unused resource between RS in a symbol need to be further discussed. The third is to compact DRS and occupy continuous symbols and resource. This way may cause a lot of spec impacts. Therefore, we propose:
Proposal 2: Additional control information could be considered to be contained by the resource of the subframes with DRS, and the additional control information for LAA functionalities should be further studied.
3 Conclusions

In this contribution, we further discuss alternatives and targets of LAA DRS design. Considering the discussion, we have the following proposals:
Proposal 1: Periodic DRS transmission as SCS, periodic DRS transmission with LBT and a shorter periodicity, and periodic DRS transmission with LBT and multiple opportunities within a window should be further studied for LAA.
Proposal 2: Additional information and repeated RS, such as CRS, PSS, SSS, and CSI-RS, could be considered to be contained by the resource of the subframes with DRS, and the additional information for LAA functionalities should be further studied.
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