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1 Introduction
The regulatory requirements for unlicensed spectrum were discussed in previous RAN1 meetings and were captured in the LAA SI TR36.889. However, some remaining issues have not been clarified yet, as partly discussed in [2]. In this contribution, we point out some remaining regulatory issues that may have impact to LAA design for clarification and discussion. 
2 Discussion
2.1 UE LBT for LAA UL
In ETSI specification [3], it is stated that the equipment shall perform CCA before transmission on an unlicensed frequency channel. Following ETSI specification, in LAA, eNB shall perform CCA before transmission in the DL and UE shall also perform CCA before transmission in the UL. 
However, there are two different behaviors regarding the CCA before transmission, as defined in Japanese regulations [2]. One is the normal mode, the same as required in ETSI specification. The other is the master-slave mode, in which the UE can transmit on the uplink following the eNB scheduling, without performing CCA at the UE side. In this case, the eNB shall perform CCA before scheduling the UE, and the UE is allowed to transmit within the maximum transmission duration, starting from the time at which eNB performs CCA. 
The first behavior, i.e. mandating UE LBT, is common to both Europe and Japanese regulations so that a single global LAA design can be achieved if this behavior is followed. However, in this case, the eNB schedules the UE without knowing whether the UE could obtain the channel or not. Therefore uplink scheduling and PDCCH control signaling overhead may be an issue. Methods to alleviate these issues shall be considered [5]. 
The second behavior is only allowed in Japan. In this behavior the UE just follows the eNB scheduling and there is no PDCCH overhead issue. However, since the maximum transmission duration allowed in Japan is 4ms, which means the UE uplink transmission without LBT shall not happen later than 4ms after the eNB CCA. With this regulation limitation, the existing LTE UL grant to PUSCH scheduling timing cannot be reused. Further studies is needed for the feasibility to reduce the UL grant timing latency from both specification and implementation perspectives.

From the discussion above, in order to achieve a single global solution and reduce the impacts to implementation and specification, we propose to assume the first behavior, i.e. mandating UE LBT for UL, in the LAA design. 

Proposal 1:
Both LAA eNB and UE shall perform CCA check before transmission. An LAA UE shall follow the eNB scheduling after a successful CCA check and abandon UL transmission otherwise.
2.2
Frame period for FBE
In the specification of frame based equipment [3], a fixed frame period consists of a channel occupation time and an idle period. Since the limitation on the maximum channel occupancy time on unlicensed band may be different in different regions, the frame period should be configurable in the single global LAA solution. It should be further clarified whether the frame period can be reconfigured during the transmissions, e.g. the frame period is reconfigured by RRC on a hundreds of ms time scale.
Proposal 2:
In a single global LAA solution, the frame period for FBE should be configurable. Further clarification is needed on the possible reconfiguration time scale. 
2.2 Extended CCA check for LBE

In the specification of load based equipment [3], a device shall perform a CCA before a transmission or a burst of transmissions on an operation channel. Afterwards, the device shall perform extended CCA for later transmissions. However, the exact meaning of a transmission or a burst of transmission is not well defined. It may be interpreted as the first transmission from the device after powered on, or the first transmission of a service. Therefore, it is not clear when an eNB/UE shall perform CCA or extended CCA. 
Proposal 3:

Further clarification is needed on whether the eNB/UE shall perform CCA or extended CCA before each transmission.

2.3 eNB transmission behavior for DRS with LBT
In either FBE or LBE, a device may transmit on the unlicensed frequency channel after a successful CCA/ECCA. For data transmissions, the device may transmit continuously within the maximum transmission duration. However, when LBT is performed before a reference signal transmission, e.g. discovery reference signal, the eNB transmission behavior for DRS should be clarified, since DRS occupies distributed OFDM symbols in a DRS occasion. In addition, the regulatory requirement on the Nominal Channel Bandwidth and Occupied Channel Bandwidth may not be fulfilled by the Rel-12 DRS, since PSS/SSS are only transmitted in the central frequency and CRS/CSI-RS are scattered in the frequency domain. If it is confirmed that the existing DRS transmission cannot meet the regulatory requirements, possible enhancements should be considered. As one example, it can be considered to transmit DRS always together with data, if LBT is required, such that no vacant resources in either time or frequency domain is left. Or alternatively, modifications on the DRS structure can also be considered. 
Proposal 4:

Possible enhancements should be considered, if it is confirmed that the regulatory requirements cannot be met by the existing DRS.
3 Conclusion
In this contribution, several regulatory issues regarding the utilization of unlicensed frequency were discussed, which may impact the LAA design. It is proposed to discuss and clarify the identified issues. Specifically we have following proposals.
Proposal 1:
Both LAA eNB and UE shall perform CCA check before transmission. An LAA UE shall follow the eNB scheduling after a successful CCA check and abandon UL transmission otherwise.
Proposal 2:
In a single global LAA solution, the frame period for FBE should be configurable. Further clarification is needed on the possible reconfiguration time scale. 

Proposal 3:

Further clarification is needed on whether the eNB/UE shall perform CCA or extended CCA before each transmission.

Proposal 4:

Possible enhancements should be considered, if it is confirmed that the regulatory requirements cannot be met by the existing DRS.
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