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1. Introduction
The new study item on Licensed-Assisted Access (LAA) was approved at RAN#65, and the following is the RAN2 related work [1]:
4) Identify the need of and, if necessary, evaluate needed enhancements to the LTE RAN protocols to support deployment in unlicensed spectrum for the scenarios and requirements described above [RAN2]
Based on RAN1 discussion, the agreed scenarios, requirements and specific functionalities to meet the regulatory requirements (listed as below) have been captured in the draft TR [2].
· 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
In this contribution, we discuss the protocol enhancements needed to support the target scenarios and the above functionalities from RAN2 perspective.
2. Discussion
2.1. Target Scenarios
In this study item, LAA targets the carrier aggregation operation in which one or more low power SCells operate in unlicensed spectrum. Figure 1 shows four LAA deployment scenarios captured in the TR [2]:
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Figure 1 LAA deployment scenarios
In the above scenarios, small cells operating on unlicensed carrier, which are aggregated with macro or small cells operating on licensed carrier, can only be used as SCells and are called as LAA unlicensed cells for short in this contribution. Since the scenarios allowing standalone access to the unlicensed spectrum are precluded, some improvements may be considered for LAA. As an example, broadcasting system information can be avoided on LAA unlicensed cells, since a CA UE can only obtain SCell system information from its PCell via dedicated RRC message. Therefore: 
Proposal 1: System information is not required on LAA unlicensed cells.
An idle UE can’t access a LAA unlicensed cell directly because standalone access to the unlicensed spectrum is not supported. Therefore, an idle UE will never camp on a LAA unlicensed cell. This leads to the following proposal:

Proposal 2: Paging is not required on LAA unlicensed cells.
2.2. Functionalities
· Listen-before-talk & Discontinuous transmission
Devices operating in unlicensed band often employ various techniques, such as listen before talk (LBT) and maximum transmission duration control mechanisms, to reduce the collision risk and guarantee fair spectrum sharing.
LBT 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. Devices, including UE and eNB, employing LBT can only use a channel when the energy detected on the channel is lower than a threshold. 
To avoid devices occupying unlicensed spectrum too long, discontinuous transmission on a carrier with limited maximum transmission duration mechanism is deployed in some regions. The parameter maximum channel occupation time is defined to allow a fair spectrum sharing by multiple systems in unlicensed bands, e.g. the maximum channel occupation time is limited to less than 4ms in Japan [2].
The combination of the LBT and maximum transmission duration control functionalities implies LAA unlicensed cells will operate in an ON/OFF manner. It will impact the performance of HARQ. According to the existing LTE MAC protocol, there is one HARQ entity at the UE for each Serving Cell which maintains a number of parallel HARQ processes. It means that the initial transmission and possible retransmissions of a HARQ process shall happen on the same cell. However, it is very likely that a transmission opportunity on a LAA unlicensed cell is not available when a HARQ process needs to perform retransmission. What’s more, the interval, between the time when the transmission opportunity are needed and the time when the transmission opportunity are available, may be long and vary greatly.
Therefore, reuse the existing HARQ mechanism on LAA unlicensed cell will impact the user experience greatly. Retransmission may be delayed for quite a long time in the downlink where asynchronous HARQ is employed. The situation maybe even worse for the uplink where synchronous HARQ is adopted, the packet lost rate will rise since the retransmission has to be canceled if no transmission opportunity available in the expected retransmission subframe.
To reduce the HARQ latency, cross carrier HARQ should be considered, i.e. HARQ retransmission can be scheduled on the cell different from the cell for initial transmission. Furthermore, for UL transmission, asynchronous HARQ should also be considered in uplink to avoid packet lost rate increasing.
Proposal 3: HARQ mechanism on LAA unlicensed cells should be enhanced, e.g. cross carrier HARQ and asynchronous UL HARQ.

· Dynamic frequency selection for radar avoidance in certain bands/regions
LAA is a network controlled system where the UEs can only transmit on the resource allocated by eNB both in licensed and unlicensed bands. Hence only eNB needs to deploy dynamic frequency selection function. The eNB can scan and sense channels for radar detection, and configure SCells selected for LAA UEs. How to select a proper carrier with no interference to radar is an eNB implementation feature. The signaling procedure can reuse the SCell configuration procedure already defined for CA. Therefore dynamic frequency selection issue brings no impact on current specification.
Proposal 4: Dynamic frequency selection is supported for LAA without any specification impact.
· Carrier selection
Carrier selection is motivated by the large number of available channels on the unlicensed band and the dynamic interference condition for each channel. It can be performed in semi-static or dynamic manners.
Semi-static carrier selection for LAA can be supported by long term eNB RRM measurements and carrier sensing, followed by the existing Scell reconfiguration or activation/deactivation procedure. Dynamic carrier selection can be supported when multiple LAA unlicensed cells are activated for the UE and if the eNB has the sufficient information, may be reported by UE, and capability to select an unlicensed carrier for data transmission in one or several milliseconds level. Hence carrier selection is considered as an implementation issue which can be supported for LAA with current specification.
Proposal 5: Carrier selection can be supported for LAA with current specification. 
For co-existence scenarios with multiple LAA eNBs, it may be beneficial to coordinate the resource utilizations on the unlicensed band shared between neighboring eNBs, with either slower or faster coordination time scale. Further studies are needed on the feasibility of the coordination and the signaling support.
Proposal 6: Resource coordination schemes among multiple LAA eNBs can be further considered for optimization carrier selection. 
· TPC
Transmit Power Control (TPC) is mandated for devices using unlicensed bands in some regions. LTE standard supports both eNB and UE transmit power control since Rel-8 and is considered in RAN1 and RAN4. This does not seem to require new LTE RAN2 functionalities.
Proposal 7: No additional RAN2 work is expected in support of TPC in LAA.
3. Conclusion

According to the analysis in section 3, it is proposed:
Proposal 1: System information is not required on LAA unlicensed cells.
Proposal 2: Paging is not required on LAA unlicensed cells.
Proposal 3: HARQ mechanism on LAA unlicensed cells should be enhanced, e.g. cross carrier HARQ and asynchronous UL HARQ.

Proposal 4: Dynamic frequency selection is supported for LAA without any specification impact.

Proposal 5: Carrier selection can be supported for LAA with current specification. 
Proposal 6: Resource coordination schemes among multiple LAA eNBs can be further considered for optimization carrier selection. 

Proposal 7: No additional RAN2 work is expected in support of TPC in LAA.
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