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1 Introduction
During RAN 65th meeting, the proposals to study the introduction of LTE for a licensed-assisted access to unlicensed spectrum in an operator-controlled manner were discussed and had been approved [1][2]. One of the objectives is illustrated as follows:

Document the relevant requirements and design targets for unlicensed spectrum deployment, in particular: 

· Document the relevant existing regulatory requirements for unlicensed spectrum deployment in the 5GHz bands [RAN4]
· Document considerations of introducing licensed-assisted access to unlicensed spectrum whilst highlighting the continued importance/need for licensed spectrum allocations [RAN4]
· Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band. [RAN1, RAN4]
During RAN 62nd, 63rd, 64th meetings and two workshops, the regulatory requirements of LAA were discussed and the different regulations around the world for unlicensed spectrum were summarized [3]. 
In this contribution, we provide the discussion on the regulatory requirements of LAA and analyze the impact on physical layer design.
2 Regulatory Requirements 
Since there are many legacy systems in unlicensed spectrum for wireless communications, such as WiFi, Bluetooth, cordless, etc., in order to guarantee the fair coexistence, unlicensed technologies need to abide to certain regulations. Existing regulations include DFS (Dynamic Frequency Selection), TPC (Transmission Power Control), LBT (Listen Before Talk) and CSMA/CA (Carrier Sense Multiple Access With Collision Avoidance).

2.1 DFS
Radar system works on 5.25～5.35 GHz and 5.47～5.725 GHz frequency band. In order to avoid the interference to Radar system, DFS is a mandatory requirement for other unlicensed technologies to access to these bands.
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Figure 1: illustration of DFS procedure

Operation procedure of DFS [4] (Figure 1):
· Choose an operating channel at random,
· Listen to that channel for CAC (Channel Availability Check) time,
· Case a: If detects a radar signal or high energy, the channel cannot be used in Non-occupancy time. And after Non-occupancy time, listen to that channel again.
· Case b: If the channel is clear, then it can be used, however,

· It must continue to listen to the channel during data traffic
· If detects a radar signal or high energy, it must leave the channel within Channel Move Time and will not use this channel in Non-occupancy time.

The typical value of these parameters from [3]
· CAC time: 60 seconds
· Channel Move Time: 10 seconds
· Non-occupancy time: 30 minutes.

· DFS threshold: -64 dBm

If LAA will access to these two bands, in order to avoid interference to Radar system, LAA must abide to the regulation of DFS. However, due to the relatively long transition time, e.g. in terms of seconds/minutes, the existing on/off scheme or carrier switch could be re-used here and no RAN1 impact could be expected.
Proposal 1:  No RAN1 impact for DFS requirement.
2.2 TPC
As same to DFS, TPC is defined to avoid the interference to radar system and other existed system in unlicensed band. TPC defines the limitation on the RF output power and power density given by the mean EIRP (Equivalent Isotropic Radiated Power) and the mean EIRP density at the highest power level. Additionally the requirements on the transmitter out of band emissions are also defined. Further TPC regulatory requirements, such as ACLR (Adjacent Channel Leakage Ratio), SEM (Spectrum Emission Mask) and peak data rate for the respective frequency bands are defined in Japan [4]. 
There is no impact on physical layer of unlicensed carrier. Since the transmission power of eNB can be indicated to UE by existing RRC signaling and the transmission power of UE can be indicated to UE by scheduling information.

Proposal 2:  No RAN1 impact for TPC requirement.

2.3 LBT
In order to avoid interference to existed device using unlicensed band, new device need to perform Clear Channel Assessment (CCA) before communication on unlicensed band. This is Listen-Before-Talk. The procedure of frame based LBT can be seen as follows [4]:
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Figure 2: illustration of LBT procedure

· At the beginning of each frame period, listen to the channel for CCA time,

· Case a: If energy detection is higher than threshold, the channel cannot be used in the remaining time of this frame.
· Case b: If energy detection is lower than threshold, then it can be used in the remaining time of this frame.
· At the beginning of next frame period, listen to the channel for CCA time again.

The typical value of these parameters from [3]

· CCA time: Minimum 20 us
· Channel occupancy time: Minimum 1 ms, Maximum 10 ms.
· Idle time: Minimum 5% of channel occupancy time, including CCA time and other idle time, e.g., backoff time.
· Frame period: the sum of idle time and channel occupancy time. 
· CCA energy detection threshold: 

· Assuming receive antenna gain G=0dBi: If EIRP=23dBm at transmitter, Threshold ≤ -73 dBm/MHz. 
The CSMA/CA mechanism that is used in WiFi system shares the same principle with the LBT mechanism. One difference relies on the value of parameters, such as the backoff time and channel occupancy time. 
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Figure 3: illustration of CSMA/CA procedure

If LAA tries to access to unlicensed band, in order to avoid interference to WiFi and LAA systems of different operators, LAA must abide to the regulation of LBT. Firstly, the LAA frame structure based on the LBT frame structure need to be defined. Secondly, the type of control/reference signal which can be transmitted even when the channel cannot be occupied need to be carefully addressed, the existing mechanism such as small cell on/off could be re-used as much as possible. Finally, the CSI feedback, HARQ and RRM measurement during channel occupancy time and non-occupancy time should be addressed.
Proposal 3: RAN1 impacts for LBT requirement are expected including the new LAA frame structures as well as the UE behavior during different LAA cell state. 
3 Conclusions
In this contribution, we present the discussion on regulation requirements for LAA using LTE. Based on our analysis, we have the following proposals:
Proposal 1:  No RAN1 impact for DFS requirement.
Proposal 2:  No RAN1 impact for TPC requirement.

Proposal 3: RAN1 impacts for LBT requirement are expected including the new LAA frame structures as well as the UE behavior during different LAA cell state. 
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