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1 Introduction

In RAN1#78, candidate solutions and detailed description of PHY layer options for LAA were discussed and the following agreements were made:
Agreements:
· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships  across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary
· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization

Agreements:
· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band
· RRM measurement including cell identification
· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
· The following functionalities are supported by legacy specifications and/or implementations

· Transmit Power Control as per regulatory requirement

· Dynamic frequency selection for radar avoidance at eNB in certain bands/regions
· FFS: if the DFS for radar avoidance is needed to be supported in the UE

Agreements:
· For LAA design option,

· Support at least 20MHz system BW option in the 5GHz band

· System bandwidths < 5 MHz are not considered for PHY layer options in LAA

In this contribution, we further discuss PHY layer options of RRM measurement, CSI measurement, and HARQ retransmission for LAA.
2 Discussion
· RRM measurement including cell identification and synchronization
In the previous meeting, 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 to 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 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 signalling transmission [1]. More flexible configurations and designs of RRM measurement may be needed for strictly LBT regulatory requirements (without LBT-exempt), and how to handle the case of blocked DRS transmission should be discussed.
In addition, ETSI standards [1] 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. Therefore, we propose that some additional information could be considered to be contained by the resource.
Proposal 1: More flexible configurations and designs of RRM measurement should be considered for the channels without LBT-exempt, and how to handle the case of blocked DRS transmission due to LBT should be discussed.
Proposal 2: Additional information 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.
· CSI measurement, including channel and interference
In the unlicensed band of 5GHz, UE may measure a subframe with normal CSI or pure interference because of LBT and maximum channel occupancy time regulatory requirements. For effective scheduling management and fast carrier selection based on the CSI reports, CSI measurement including channel and interference should be supported was agreed in the previous meeting. Current CSI measurement based on CRS/ZP/NZP CSI-RSs could be used for this purpose, but the cases that CRS/ZP/NZP CSI-RSs are blocked due to LBT are needed to be discussed.

Therefore, we propose:
Proposal 3: For CSI measurement, the cases that CRS/ZP/NZP CSI-RSs are blocked or delayed due to LBT are needed to be discussed.
· HARQ and retransmission
The interference conditions may be complicated and fast changed in the unlicensed band, because the devices of other systems such as WiFi or LAA systems of other operators may already exist, fast get in, or fast get out. HARQ and retransmission may often occur in the unlicensed band. With cross-carrier scheduling, HARQ will be transmitted on the licensed PCell. However, retransmission may not be able to be achieved on the same unlicensed carrier due to the limited maximum channel occupancy time of regulatory requirements and fast changing of interference in the unlicensed band. In the worst case, the maximum channel occupancy time is only 4ms, and it is not possible to perform retransmission on the same unlicensed carrier. Using the high layer ARQ mechanism and flushing HARQ buffer for each retransmission is lost and may result in significant throughput loss. If incomplete HARQ processes could continue on licensed cells or other unlicensed cells, it may be beneficial for the packet throughput. Therefore, we propose:
Proposal 4: Due to the limited maximum channel occupancy time of regulatory requirements and fast changing of interference in the unlicensed band, incomplete HARQ processes should be able to continue on licensed cells or other unlicensed cells.
3 Conclusions

In this contribution, we further discuss PHY layer options of RRM measurement, CSI measurement, and HARQ retransmission for LAA. Considering the discussion, we have the following proposals:
Proposal 1: More flexible configurations and designs of RRM measurement should be considered for the channels without LBT-exempt, and how to handle the case of blocked DRS transmission due to LBT should be discussed.
Proposal 2: Additional information 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.
Proposal 3: For CSI measurement, the cases that CRS/ZP/NZP CSI-RSs are blocked or delayed due to LBT are needed to be discussed.
Proposal 4: Due to the limited maximum channel occupancy time of regulatory requirements and fast changing of interference in the unlicensed band, incomplete HARQ processes should be able to continue on licensed cells or other unlicensed cells.
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