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1
Introduction

The Study Item of Study on Licensed-Assisted Access (LAA) using LTE (RP-141664) was approved at RAN plenary meeting #65 [1]. One objective of the LAA SID is that “Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services” [1]. In a separate contribution [2], we propose that the robust coexistence mechanism is one critical part of LAA to support the objective. In this contribution, we propose several potential physical layer enhancement study areas or options to support the robust coexistence LAA. 
2
Discussion
As proposed in [2], the clear channel assessment (CCA) or carrier sense is one important function for robust coexistence of LAA in unlicensed band. The CCA function involves the LAA device need detect if the channel is occupied by another service like Wi-Fi or another LAA operator before it can use the channel to Tx. The CCA function also involves the random back-off period after the channel is detected as occupied. There are different options to do CCA including the simple energy detection, the signal detection of Wi-Fi and LAA, the virtual carrier-sense mechanism used in Wi-Fi, etc. RAN1 should study the different CCA methods and evaluate their impacts on the performance of both LAA & Wi-Fi systems in the coexistence scenarios. Based on the study results, RAN1 can select the best CCA option and define the related PHY specs to support it.
Proposal 1: RAN1 should study the different CCA methods and evaluate their impacts on the performance of both LAA & Wi-Fi systems in the coexistence scenarios.
Another important function of robust coexistence mechanism of LAA is the channel reservation function. The function relates to when the LAA device occupies the channel to Tx how easily the occupancy can be detected by other devices like Wi-Fi. With the channel reservation function, the LAA device can use the defined procedure to inform its surrounding nearby devices of the occupancy before it starts to Tx. There are different options for the channel reservation. For simple implementation, we may not utilize the channel reservation in the coexistence mechanism and leave the legacy Wi-Fi device with only the energy detection option to detect the occupancy. On the other hand, there is simple and validated channel reservation function used in the Wi-Fi system through the Network Allocation Vector (NAV). However, we also notice that there are some differences between LAA & Wi-Fi systems. RAN1 should study the different channel reservation methods and evaluate their impacts on the performance of both LAA & Wi-Fi systems in the coexistence scenarios. RAN1 also should study how to define the channel reservation procedure to more efficiently support LAA DL only, LAA DL & UL, and the scenario where multiple LAA cells co-ordinate their transmission, etc. Based on the study results, RAN1 can select the best channel reservation option and define the related PHY specs to support it.
Proposal 2: RAN1 should study the different channel reservation methods and evaluate their impacts on the performance of both LAA & Wi-Fi systems in the coexistence scenarios. RAN1 should also study how to define the channel reservation procedure to more efficiently support LAA DL only, LAA DL & UL, and the scenario where multiple LAA cells co-ordinate their transmission, etc.
For the robust coexistence, LAA need dynamically share the physical channel with other services like Wi-Fi. The frame timing of Wi-Fi is fully dynamic & undetermined while the frame timing of legacy LTE is fixed. Another potential study area of RAN1 is how to define the LAA burst start time, burst duration, & frame structure to utilize the shared channel more efficiently. For example, one option is that LAA has the fixed & static subframe timing aligned with the PCC as required by CA and the LAA burst aligns with the PCC TTI boundary. This option has the best backward capability. However, it will waste some air time for example when the Wi-Fi frees the channel at the middle of the LAA subframe. We can also use dynamic TTI timing, define new frame structure, or use frequency hopping as other options. RAN1 also need study the LAA burst duration impact on the LAA service as well as Wi-Fi service for both standalone case and the coexistence scenarios.
Proposal 3: RAN1 need study the different options for the LAA burst start time, burst duration, & frame structure for efficiency, backward capability, complexity, etc. RAN1 also need study the LAA burst duration impact on the LAA service as well as Wi-Fi service for both standalone case and the coexistence scenarios.

For the robust coexistence, LAA transmission will not be continuous anymore and it will be interrupted by the Wi-Fi signal or other services in the unlicensed band. The LTE synchronization signals (SS) and reference signals (RS) such as PSS, SSS, CRS, PRS, CSI-RS, etc. will become non-continuous too as a consequence. The non-continuous SS & RS will have the potential impacts on the existing procedures defined in the LTE spec such as CSI reporting, cell measurement & detection, etc. There are different options to address the issues. For example, one option is to reuse the current LTE frame structure and RS pattern but require the LAA cell to transmit the approximately periodic minimum RS to assist UE to do CSI reporting, cell measurement, etc. The periodic RS transmission can be interrupted or delayed by other services like Wi-Fi to have the robust coexistence. Other options can be to define new frame structure or RS & SS pattern to address the issues. RAN1 should study the different options to address the non-continuous RS & SS impacts on CSI reporting, cell measurement & detection, etc.
Proposal 4: RAN1 should study the different options to address the non-continuous RS impacts on CSI reporting.
Proposal 5: RAN1 should study the different options to address the non-continuous RS & SS impacts on cell measurement & detection.
In the robust coexistence, LAA transmission in unlicensed band SCC could only be opportunistic. Another potential study area of RAN1 is to improve the HARQ operation of LAA. The LAA HARQ will be interrupted by the Wi-Fi signal or other services in the unlicensed band too. One option is to enable the HARQ retransmission across CCs that is not allowed in the current CA framework. For example, eNB can schedule the HARQ retransmission of one LAA transport block over the PCC in the licensed band when the LAA HARQ is interrupted by other services or LAA SCC becomes congested to reduce the HARQ latency and to have the fast recovery & smooth data transfer of LAA.
Proposal 6: RAN1 should study the effect of the LAA different burst duration and coexistence on HARQ and possible improvement.
3
Conclusions

In this contribution we have discussed and identified the several potential physical layer enhancement study areas or options to support the robust coexistence LAA and made following proposals:

Proposal 1: RAN1 should study the different CCA methods and evaluate their impacts on the performance of both LAA & Wi-Fi systems in the coexistence scenarios.
Proposal 2: RAN1 should study the different channel reservation methods and evaluate their impacts on the performance of both LAA & Wi-Fi systems in the coexistence scenarios. RAN1 should also study how to define the channel reservation procedure to more efficiently support LAA DL only, LAA DL & UL, and the scenario where multiple LAA cells co-ordinate their transmission, etc.
Proposal 3: RAN1 need study the different options for the LAA burst start time, burst duration, & frame structure for efficiency, backward capability, complexity, etc. RAN1 also need study the LAA burst duration impact on the LAA service as well as Wi-Fi service for both standalone case and the coexistence scenarios.

Proposal 4: RAN1 should study the different options to address the non-continuous RS impacts on CSI reporting.
Proposal 5: RAN1 should study the different options to address the non-continuous RS & SS impacts on cell measurement & detection.
Proposal 6: RAN1 should study the effect of the LAA different burst duration and coexistence on HARQ and possible improvement.
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