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1. Introduction
In RAN#65, a Rel-13 SI “Study on Licensed-Assisted Access using LTE” was approved in [1], with one of the objectives as the following:
·  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]
In this contribution, the design considerations and required functionalities for LTE LAA are discussed. 
2. Required functionalities from regulation perspective
As reviewed in [2], the regulation requirement for using unlicensed frequency bands can be summarized in the following categories.
1) Transmit power related requirements, including limits of maximum transmit power, spectrum power density and transmit power control, etc, which are mandated for devices using unlicensed bands in most of the regions. 
2) Power leakage related requirements, including ACLR and out of band emission, etc. 
3) Minimum Channel bandwidth. There are limits of minimum channel bandwidth used in unlicensed bands in some countries, e.g. at least 500KHz in US and 20MHz in Japan. 
4) DFS (dynamic frequency selection). DFS is mandated in most of the regions for unlicensed spectrum. Carrier sensing shall be used in support of DFS, where the 2nd system can only use the spectrum when the incumbent user (e.g. Radar system) does not exist. If the incumbent user is detected, the 2nd system shall stop transmitting on the spectrum within hundreds of milliseconds or several seconds. Carrier sensing can be used to detect the presence of incumbent user. 
5) LBT (Listen before talk) mechanism is mandated in some of the regions, e.g. Europe, in order to achieve a fair access to the same unlicensed frequency band by multiple systems. Carrier sensing is required to support LBT and the channel can only be used when the energy detected is lower than a threshold. A minimum clear channel assessment (CCA) time is defined in order to get a reliable energy detection result. An idle period is also required by the regulation such that other systems in the same band can detect the availability of the channel and compete with fairness.
6) Maximum channel occupation time is defined in some regions in order to allow a fair spectrum sharing by multiple systems in unlicensed bands. 
In order to support LAA deployments in unlicensed bands, LTE shall be designed such that the above regulation requirements can be met by the existing or new functionalities. 
Relevant existing LTE functionalities for LTE LAA
LTE standard supports both eNB and UE transmit power control since Rel-8 and controlled by the network for each transmission, including maximum transmit power and transmit power per resource element (e.g. EPRE for reference signal and data REs). Therefore the existing power control functionalities can be reused as much as possible to meet the regulation requirements for unlicensed bands. In LAA deployments, the transmit power control for unlicensed spectrum at eNB and UE can be achieved by signaling support from a serving cell in licensed spectrum, e.g. Pcell.

LTE supports multiple system bandwidths from 1.4MHz to 20MHz that can fulfill the regulation requirement of minimum transmission bandwidth.

LTE supports Scell reconfiguration in carrier aggregation such that the Scell transmission on one carrier frequency can be moved to other available frequency if incumbent user is detected, so that the requirements on “channel move time” and “non-occupation time” can be fulfilled.

The ACLR and out of band emission requirements shall be considered in RAN4 when defining LTE eNB and UE RF requirements for unlicensed bands. This does not seem to require new LTE L1 functionalities. 
New functionalities that shall be introduced for LTE LAA
Carrier sensing at the transmitter side shall be defined in LTE LAA to fulfill the regulation requirement of DFS and LBT. If DL only is used in unlicensed band, only eNB carrier sensing is required. When UL transmission is also considered, carrier sensing at both eNB and UE side is necessary, since eNB and UE are in different locations. Energy detection is considered as a unified solution for carrier sensing since various types of wireless systems can exist in the unlicensed bands. The energy detection shall be specified in terms of minimum measured bandwidth and time duration, as well as requirement of the measurement accuracy. The CCA threshold for energy detection shall also be specified. 
Maximum channel occupation time shall be defined in LTE LAA according to the regulation requirement, e.g. 10ms. Specification work shall be done to support such non-consecutive transmissions on Scell. It shall be discussed whether the maximum channel occupation time is configurable or fixed by specification.
Idle period shall be defined in LTE LAA according to the regulation requirement. The introduction of idle period in existing LTE frame structure shall be studied. 
Proposal 1: 

New functionalities shall be defined in LTE LAA to fulfill the regulation requirement for unlicensed band, including carrier sensing for eNB and UE, non-consecutive Scell transmission with max channel occupation time, idle period. 
It shall be noted that the above regulation requirements are mainly applicable for unlicensed spectrum that may be shared by LAA and other systems, e.g. WIFI and radar, etc. However, scenarios where only LAA is used in an unlicensed band are also worth consideration. One particular example is that 5725-5850 MHz frequency band in China is shared by multiple operators and no user deployments are allowed. In case that all operators deploy LAA in this frequency band, a solution for spectrum sharing by multiple operators’ LAA networks shall be studied without considering the co-existence of other technologies, e.g. WIFI. In this frequency band neither DRS nor LBT is mandated. Therefore, the new functionalities as identified in proposal 1 may not be necessary. 
Proposal 2:

The study item shall also consider scenarios where LAA for one or more operators exist in an unlicensed band without other technologies, e.g .WIFI.
3. Other potential study aspects for LAA
Carrier aggregation

The study item aims to use CA framework to support LAA and Scell is configured in unlicensed bands. In order to reuse the existing CA design, subframe boundary between Pcell and Scell shall be aligned. This is essential especially considering that cross carrier scheduling from Pcell in licensed spectrum may be used to ensure the control signaling robustness in LAA.
In the existing CA framework, HARQ process is defined per component carrier such that retransmissions can only occur at the same carrier with the initial transmission. However, in LAA scenarios, the availability of transmission opportunity at Scell in unlicensed spectrum cannot always be ensured due to fair spectrum sharing with other LAA operators or unlicensed spectrum technologies. Then the retransmission latency for Scell could be large and not controllable by the network if the existing HARQ mechanism is reused. Therefore it is beneficial to consider cross-carrier HARQ process to allow retransmission happening in other carrier frequency than the unlicensed frequency with the initial transmission.
Synchronous HARQ for UL retransmission is defined in the existing LTE system. When considering PUSCH transmissions in unlicensed bands, predefined UL HARQ timeline can hardly be followed due to the requirement of maximum channel occupation time and fair spectrum access schemes. Therefore, it is worthwhile to consider Asynchronous HARQ in UL for LAA.

Proposal 3:
The subframe boundary alignment between licensed spectrum (Pcell) and unlicensed spectrum (Scell) shall be assumed in LAA. Enhancement to DL and UL HARQ should be considered.
Fair spectrum sharing with WIFI

Fair spectrum access between LAA and WIFI shall be considered in the study item. The fair spectrum access can be achieved by introducing new functionalities to LTE as identified in proposal 1 according to the regulation requirements. Furthermore, a random back-off access scheme is specified in WIFI system to support fair spectrum access. Therefore, it may be considered to introduce the similar scheme to LAA for fair spectrum sharing with WIFI in unlicensed bands. However, as a significantly different physical layer numerology is used in WIFI compared to LTE, e.g. 4us per OFDM symbol and 9us per time slot. Using the same random back-off scheme as defined WIFI will significantly complicate the LAA design, for example the transmission start time can hardly match the subframe boundary. Therefore, it is proposed to study the suitable access scheme for LAA considering the tradeoff between impact to LTE standard and to WIFI performance.
Proposal 4:
Study the suitable access scheme for LAA in unlicensed spectrum considering the tradeoff between impact to LTE standard and to WIFI performance.
Dynamic Scell on/off

Dynamic Scell on/off is necessary for LAA from regulation requirement perspective as well as fair spectrum sharing with other operators or technologies. A subframe level on/off as studied in Rel-12 can be considered as a solution considering various regulation requirements and also performance benefits. The time/frequency tracking for Scell in unlicensed bands shall be studied in the LAA scenarios, e.g. by Rel-12 discovery reference signal as one candidate solution.
Rel-12 discovery reference signal should be reused when applicable in LAA for cell detection and RRM measurement for unlicensed spectrum with Scell on/off. However, if LBT is required, periodic transmission of DRS in Rel-12 may not be applicable. It is therefore necessary to study the DRS transmission schemes for LAA.  
Proposal 5:
Study the subframe level Scell on/off schemes applicable to LAA in unlicensed bands and the related DRS transmission scheme.
4. Conclusion
In this contribution, the required functionalities according to the regulation requirements and some potential study areas for LAA were discussed. From the discussions, we have the following proposals.
Proposal 1: 

New functionalities shall be defined in LTE to fulfill the regulation requirement for unlicensed band, including carrier sensing for eNB and UE, non-consecutive Scell transmission with max channel occupation time, idle period. 

Proposal 2:

The study item shall also consider scenarios where LAA for one or more operators exist in an unlicensed band without other technologies, e.g .WIFI.
Proposal 3:
The subframe boundary alignment between licensed spectrum (Pcell) and unlicensed spectrum (Scell) shall be assumed in LAA. Enhancement to DL and UL HARQ should be considered.
Proposal 4:
Study the suitable access scheme for LAA in unlicensed spectrum considering the tradeoff between impact to LTE standard and to WIFI performance.
Proposal 5:
Study the subframe level Scell on/off schemes applicable to LAA in unlicensed bands and the related DRS transmission scheme.
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