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1 Introduction
Some limited progress on the physical layer options for LAA has been achieved for the past three RAN1 meetings as shown in the Appendix. Considering the limited time remaining for Rel-13 SI as well as the rather tight Rel-13 WI timeline, it is our view that the remaining standardization effort should focus on DL-only LAA. This is aligned with SID guidance where it is stated that “High priority should be on the completion of the DL only scenario”.
In this contribution, we provide a summary of our views on LAA physical layer options.
2 Overview of LAA physical layer options
2.1 LBT schemes for DL
Evaluation of LBT schemes for DL, to ensure fair co-existence with other RATs and at the same time ensure good LAA performance, is a primary objective of the SI. Four LBT schemes were broadly defined in the last meeting as follows:
· Category 1: No LBT

· Category 2: LBT without random back-off

· Category 3: LBT with random back-off with fixed size of contention window
· Category 4: LBT with random back-off with variable size of contention window
In our view, the objective of the SI is to establish feasibility of fair co-existence via system level simulation and to identify key ingredients of LBT required for achieving fair co-existence. Other important considerations for LBT include support for multi-operator/asynchronous cell co-existence, and support for channel/signal type dependent LBT scheme [7]. To ensure sufficient flexibility to cope with different possible deployment scenarios, LBT parameters should be configurable when the benefit of doing so outweighs the additional implementation and testing complexity. The details of LBT schemes to be adopted can be further discussed in the WI phase.
Further discussions on LBT for DL can be found in [7].
2.2 Discontinuous transmission
Issues for discontinuous transmission originate from the need to support rather short transmission burst with maximum duration that can be as low as 4ms e.g. in Japan. Furthermore, the time between discontinuous transmissions is random as it depends on the LBT outcome. This points to the need to support fast acquisition of synchronization by the UE to receive the control or data from a transmission burst. Another important consideration is the need for the UE to blindly detect the occurrence of a transmission burst (including cell identification to identify the correct burst to receive) in order to minimize the time between eNB’s successful CCA and transmission of control/data for the UE. To this end, UE blind detection should be efficient for UE power saving, especially the number of carriers to be monitored by the UE can potentially be very large.  
Further discussions on discontinuous transmission can be found in [2].
2.3 Cell discovery and RRM
It was agreed that Rel-12 DRS is the starting point for RRM measurement (including cell identification). It has been proposed that short control signalling allowed by ETSI can be adopted for DRS transmission. However since such solution is not always allowed in every region in the world (such as Japan), it would be necessary to consider enhancement based on the Rel-12 framework. The fundamental problem here is that LBT requirement for DRS transmission would make strictly periodic transmission of the DRS virtually impossible. Hence, at the very least enhancements should be considered to ensure there can still be sufficient RRM measurement samples to meet the RAN4 accuracy performance requirement. Other important aspects to consider for RRM enhancements is support for faster adaptation of load change across frequency layers and interference measurement on other RATs to facilitate better carrier selection. 

Further discussions on cell discovery and RRM can be found in [3].
2.4 CSI measurement and reporting
CSI measurement on unlicensed carrier has the same issue as DRS transmission in that measurement opportunity is not guaranteed due to the LBT requirement. Furthermore, although the channel estimate is expected to have large  coherence time because of the small cell environment (low mobility), the interference environment on unlicensed carrier is expected to be much more dynamic than that is typically experienced for licensed carrier. However, there may still exist certain properties about the interference that can be exploited, e.g. the interference level can be correlated to some extent with the LBT states. Hence, how to measure and report meaningful CSI to be used for MCS selection by the network is expected to be an important issue for LAA.
Further discussions on CSI measurement and reporting can be found in [4].
2.5 Carrier selection
Carrier selection is an important tool to ensure good co-existence as well to ensure near-uniform loading across available carriers. Measurement to facilitate carrier selection should accurately capture the load condition across the carriers. To this end, enhancements on interference measurement should be further studied as the existing RSRP/RSRQ measurement framework may not be adequate. Dynamic carrier selection can improve adaptability to load change and LBT condition across carriers. To facilitate more flexible carrier selection, the concept of long and short time scale carrier selection mechanisms can be considered, where existing SCell addition/release and activation/deactivation procedure can be used for long time scale carrier selection, while a dynamic signalling procedure can be considered for short time scale carrier selection. For the same reason, HARQ-level carrier selection (to allow for continuation of an incomplete HARQ retransmission on another carrier) can also be studied.   
Further discussions on carrier selection can be found in [5].
2.6 Downlink power allocation

ETSI regulation specifies a CCA threshold that is dependent on the transmit power of the node. In our view, DL power allocation can also serve as an important tool to improve co-existence performance of LAA. In principle, a node with low transmit power can afford a higher CCA threshold. Hence, further study is required on whether the CCA threshold can be determined by the maximum transmit power for the next transmission burst, in order to increase transmission opportunity while not negatively affecting co-existence with other nodes.  Another power allocation issue to consider is the impact to co-existence due to possible dynamic power allocation by the eNB.
Further discussions on DL power allocation can be found in [6].
2.7 Other LAA DL issues

Other LAA DL issues that can be considered in Rel-13 SI include hidden node problem and support for LAA-LAA co-existence. Our views on hidden node and LAA-LAA coexistence can be found in [8] and [9], respectively.
2.8 LAA uplink study
The issues for LAA UL are numerous and non-trivial [10, 11]. As there are only two meetings left for the SI (not including the ad hoc), the focus on Rel-13 SI should be on DL-only LAA. Nevertheless, DL-only LAA should be designed taking into account forward compatibility for LAA DL+UL. 
Further discussions on the possible issues for LAA UL can be found in [10, 11].
3 Conclusions
In this contribution, we provided a summary of our views on LAA physical layer options. In our view, the focus of the remaining time left in the SI should be on DL-only LAA. At least the following issues that should be considered in the Rel-13 time frame.

· Support for LBT for DL

· Support for discontinuous transmission

· Enhancements for cell discovery and RRM

· Enhancements for CSI measurement and reporting

· Enhancements for carrier selection
· Enhancements for DL power allocation
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Appendix – past RAN1 agreements on PHY layer options for LAA 
During RAN1#78bis the following required functionalities were identified for LAA:

Agreements:
· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
Additionally, during RAN1#79, the following functionalities were also identified:

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

Furthermore, the following was agreed in RAN1#80:

Agreements:
· Functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission can include at least one of the following

· AGC setting

· Channel reservation

· Note: Transmission of the signal(s) may not be required 

· At least functions that may need to be supported for discontinuous LAA downlink transmission operation by one or more signals include at least one of the following

· Detection of the LAA downlink transmission (including cell identification)

· Time & frequency synchronization

· Other functionalities if necessary
· Note that it is not precluded the same signal is used for all above and possibly other functions

· The above functionalities can be supported by other methods (including assistance from licensed carrier)
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