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1 Introduction
According to the SID [1], LAA design should target fair coexistence with existing Wi-Fi networks and other LAA services. LAA should not impact Wi-Fi services more than an additional Wi-Fi network on the same carrier. Furthermore, LAA system should aim to boost its own performance. In previous RAN1 meetings during LAA SI phase, a lot of agreements to achieve the above targets for LAA were reached. Some key remaining issues should be focused in this RAN1 #81 meeting since it is the last meeting during SI phase.  In this contribution, we present our overall views on these LAA PHY layer options.
2 Overview on PHY layer options
2.1 LBT mechanisms and frame structure
RAN1 #80 meeting defines four categories to classify the evaluated LBT schemes [2]. For LBT Category 3, the size of CW is fixed. The contention windows can be fixed to span several OFDM symbols for CCE/ECCA while the other OFDM symbols in a subframe are not used for CCE/ECCA. While for LBT Category 4, the size of CW is variable. This LBT category can adjust the size of CW according to the load of an unlicensed carrier. The CW, fixed or variable size, with fixed starting point of CW should be prioritized for LBT of LAA due to this scheme has low UE detection complexity and power consumption. 

According to the newly published Europe regulation [3], there are two LBT options for LBE: Option A and Option B. LBT Category 3 and Category 4 scheme can be designed based on Option B since Option A is more complex than Option B given its complicated ECCA procedure. In addition, the parameters of CCA/ECCA such as the size of the LAA CW no matter it is fixed or variable, minimum ECCA slot size, initial CCA size, defer period configuration and CCA/ECCA procedure should be further discussed and clarified in RAN1 #81 meeting.
Both FBE and LBE as in [3] may not support LAA well without modifications or enhancements. For FBE, the low access probability for LAA nodes due to fixed CCA and the unfair access opportunity between different LAA nodes when they are asynchronized should be taken into consideration. Hence multiple CCAs can be configured for FBE based LBT. For LBE, due to the randomness of the CCA detection results, the starting position of transmission may also be random. This will increase the subframe design complexity as well as the UE detection complexity. One possible solution is to limit the CCA/ECCA positions. 
More details of LBT and frame structure related issues can refer to our companion contribution [5, 6].
2.2 Discontinuous transmission and initial/reservation signal design

As agreed in RAN1 #80bis meeting [7], DRS, and/or reference signal imbedded within DL transmission bursts (e.g. CRS and/or DMRS) should be designed to provide functionality for UE’s time/frequency synchronization for the reception of a DL transmission burst in LAA SCell(s).
For LAA DRS, cell identification, RRM measurement, and coarse time/frequency synchronization are the basic functionalities. The details of DRS transmission and pattern design can refer to section 2.3 and companion contribution [8]. 

For initial signal or reservation signal imbedded within DL transmission bursts, since the start time as well as the end time of CCA/ECCA can be at any time of a subframe for LBE, thus there may be fractional symbol and/or multiple integral symbols left for initial signal before the actual data transmission. The basic function of initial signal in the fractional symbol is to reserve a channel, while initial signal on integral symbol should support AGC tuning, cell identification, RRM measurement, CSI measurement, and/or time/frequency tracking. The LAA node should transmit PSS/SSS on the adjacent two integral symbols rightly after a successful CCA/ECCA check. Reservation signal should be supported in partial subframe and/or normal subframe(s) within COT for reserving partial or all channel bandwidth.
More details of initial/reservation signal related issues can refer to our companion contribution [8].
2.3 RRM measurement and DRS design
Rel-12 DRS transmitted with low duty cycle can be the starting point for cell discovery, time/frequency tracking, and RRM measurement for LAA. However, due to the LBT regulation in unlicensed spectrum in some regions, not all of periodic DRS occasions have opportunity to be transmitted, which will impact synchronization maintaining and measurement accuracy. In RAN1# 80bis and ad-hoc meeting conclusions, it provided two options for DRS transmission within a DMTC window if LBT is applied to DRS. 
With Alt1, DRS is transmitted in fixed time position within the configured DMTC subjected to LBT. For this option, LAA DRS may not have opportunity to be sent in a long time if the periodicity is set relatively large. Alt2 allows DRS to be transmitted in at least one of different time positions within the configured DMTC. There are two sub-options for LAA DRS transmission. Alt2-1 can configure DRS transmission with double periodicity setting, including long periodicity and short periodicity. Long periodicity determines the length of configured DMTC while short periodicity is used to increase DRS transmission opportunities when the DRS transmission at long periodicity occasion fails. With Alt2-2, LAA eNB attempts to transmit DRS in a DRS transmission window within the configured DMTC. If DRS transmission at first DRS occasion predefined by DMTC fails due to busy channel, LAA eNB can continue to perform CCA and try to send DRS before the DRS window expires. 
LAA DRS transmission as SCS without LBT, aperiodic transmission subject to LBT, or a combination of above options can also be considered.
In addition to DRS transmission opportunity discussed in above, LAA DRS pattern should be designed to occupy continuous symbols and reduce occupancy time. There are several ways to meet this design requirement. One way is to pad these blank symbols with control information, dummy bits, or traffic data if there is a data packet for transmission. Another way is to transmit measurement RS, such as CRS, CSI-RS or PSS/SSS, in discontinuous symbols to meet or enhance measurement performance. The third way is to make LAA DRS contain only continuous symbols, e.g. to select continuous portion of Rel-12 DRS as LAA DRS. In addition, the LAA DRS occasion can be continuously repeated to improve measurement performance.
More details of RRM measurement and DRS related issues can refer to our companion contribution [8].
2.4 CSI measurement/reporting and transmission mode
According to the principle of LBT, CRS, and/or NZP CSI-RS for CSI measurement are not allowed to transmit before the eNB acquiring the channel. So it can be difficult for the LAA eNB to get channel information feedback from UEs in time. It is worthy to consider whether to allow the transmission of certain reference signal even in non-occupying duration so as to get the CSI feedback once the occupying duration starts. If SCS is adopted for CRS/CSI-RS transmission, the interference mismatch should be treated carefully, e.g. the averaged interference of previous occupying durations can be used as approximate interference. In occupying period, the LAA eNB can transmit RS periodically as in licensed carrier. However, the UE may need to wait several milliseconds for the first channel measurement instance since the starting of occupying duration. To reduce the waiting time for the first CSI report, an aperiodic RS transmission can be triggered at the beginning of the occupying duration for UEs to perform channel measurement and report.
As elaborated in our companion contribution [9], both above three options (i.e. SCS transmission with LBT-exempt, opportunistic periodic transmission and aperiodic transmission be subject to LBT) have pros and cons, therefore a combination of these options may be preferred.  
LTE UE can be either semi-statically configured by higher layers to perform periodically CQI/PMI/RI feedback with PUCCH, or trigged to perform aperiodic CQI/PMI/RI reporting with PUSCH. If the opportunistic periodic CSI measurement is supported then the periodic reporting should be used accordingly. In case a CRS/CSI-RS occasion fails to be transmitted, the latest valid CSI should be reported. For aperiodic reporting, either an uplink DCI format (format 0/4) or a Random Access Response Grant can be used for the report triggering. And aperiodic CSI can be reported on PUSCH on a PCell or an LAA SCell.
More details of CSI measurement related issues can refer to our companion contribution [9].
2.5 Scheduling and HARQ
RAN1 #80bis meeting identified four possible scheduling combinations for a LAA CC, but RAN1 only should continue study considering three combinations except for combination 3 [7]. For self-scheduling, the availability of control signalling may be low because the control signalling of unlicensed carrier is transmitted on unlicensed carrier subject to LBT and channel availability. For cross-carrier scheduling, the availability of control signalling is high due to the control signalling of unlicensed carrier is transmitted on the licensed carrier. However, the overhead issue of control signalling on licensed carrier should be considered.
In the existing CA framework, HARQ process is defined per component carrier. If the exiting CA scheme is adopted, the retransmission can only occur at the same serving cell with initial transmission. And the retransmission will be delayed and not controllable by the network because of non-contiguous time domain transmission and limited COT. Another approach is to use cross-carrier re-transmission. With this approach, the PDSCH/PUSCH can be retransmitted at a different serving cell, e.g. PCell. Hence the impact of prolonged retransmission latency can be alleviated. Furthermore, the number of LAA SCell participating in the resource competition can be reduced due to retransmission does not require a separate resource competition. The probability for LAA SCell obtains resource become larger. Therefore, we propose cross-carrier re-transmission can also be considered for LAA.
More details of scheduling and HARQ issues can refer to our companion contribution [10].
2.6 Frequency reuse
When a LAA node is accessing the unlicensed carrier, if other nearby nodes should be muted and cannot reuse this unlicensed carrier at the same time, system efficiency will be compromised. Therefore, it is necessary to further discuss the details of the frequency reuse. Frequency reuse is related to CCA threshold, CCA pattern, power adjustment, etc.
In order to support the frequency reuse and improve spectrum efficiency, multiple CCA thresholds should be considered. If the sensed signal comes from other RATs, the channel should be considered as occupied. If the sensed signal comes from other LAA nodes, the channel may be considered as clear for frequency reuse. 

In order to support frequency reuse, the sensing LAA node need to find ways to distinguish whether the interference observed on the channel is from intra-operator LAA nodes or from other operators’ LAA nodes and/or Wi-Fi nodes. One possible option is to mute certain subcarriers/PRBs for LAA nodes during its reservation and/or data transmission. Different operators could have different muting pattern. Correspondingly, the LAA nodes perform channel sensing on the pre-defined CCA pattern. With the same pattern within the same operator, the channel sensing will not include the transmission signal from the same operator and only measure inter-operator LAA and/or WiFi interference. 
Power adjustment can used to support the frequency reuse. One LAA site can broadcast information or reservation signal after successfully sensing the channel, and neighbouring LAA sites can adjust transmit power according to this information. In order to better support the frequency reuse, power adjustment for LAA may be considered.
Reservation signal can also be considered to support frequency reuse. For example, operator specific information could be broadcasted via reservation signal to help neighbouring sites quickly find whether there is other LAA sites sharing the unlicensed carrier, and if frequency reuse is possible or not. Different reservation signal pattern can be used to identify different LAA sites. For LAA site of the same operator to frequency reuse, reservation signal should be considered.
More details of frequency reuse related issues can refer to our companion contribution [11].
2.7 UL transmission
For LAA UL transmission, there are some issues to be clarified, such as LBT for UL, UL transmission structure, UL HARQ, SRS transmission, and multi-user multiplexing, and so on. Details of UL enhancements please refer to our companion contribution [12, 13].
3 Conclusion 
In this contribution, we present our overall views on LAA PHY layer options, and have the following proposal:
Proposal 1: Both DL and UL LAA options should be included in Rel-13 LAA WID, and at least the following technical point should be focused:
· Support for LBT based on FBE and LBE, with specifying the following solutions
· Configure FBE based LBT with multiple CCAs
· Restrain the CCA/ECCA positions of LBE based LBT
· Fixed and variable size of contention window for LBT
· Specify transmission burst structure, including
· Fractional subframe design
· DL/UL transmission structure design
· LAA reference signal design, including 
· DRS for RRM
· Initial/Reservation signal

· Enhancements of RRM/CSI measurement 
· Support for both periodic and aperiodic CRS/CSI-RS transmission for CSI measurement
· Support for both periodic and aperiodic CSI reporting
· Scheduling and HARQ
· Specify DL and UL scheduling combinations, including cross-carrier and self scheduling
· Introduce cross-carrier retransmission
· Support for frequency reuse for transmission by neighbour LAA cells of the same operator, and focus on the following aspects
· CCA threshold 
· Power adjustment
· Tx start timing alignment
· CCA pattern configuration
· Support for LAA UL transmission, and focus on the following aspects

· LBT for UL
· UL HARQ 
· SRS transmission
· Multi-user multiplexing
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