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1. Introduction
In RAN#65, a proposal for licensed-assisted access (LAA) using LTE was approved as a Rel-13 study item led by RAN1 [1]. The main objective of the SI is to evaluate LTE enhancements for a single global solution framework for licensed-assisted access to unlicensed spectrum. Its scope encompasses only carrier aggregation scenarios whereby one or more SCell(s) operates in un-licensed spectrum.

RAN1 has been working on the SI for the last quarter and has provided its latest agreed technical report [2] as well as the agreements and conclusions from its last meeting in a LS [3]. From [2], the following functionalities are required for an LAA system:
· 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

· Transmit Power Control

Moreover, RAN1 has made the following agreements in its last meeting [3]:
· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band
· RRM measurement including cell identification
· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
· The following functionalities are supported by legacy specifications and/or implementations

· Transmit Power Control as per regulatory requirement

· Dynamic frequency selection for radar avoidance at eNB in certain bands/regions
· FFS: if the DFS for radar avoidance is needed to be supported in the UE

In this paper, we analyse the possible impacts on RAN2.

2. Potential impacts on RAN2
2.1. Control plane 
LAA Cell Discovery and Measurement
With LBT (mandatory without exemption at least in Japan), LAA cell transmission duration is limited (maximum duration varying between 4ms and 13ms), and subject to CCA procedure. This means that the LAA cell will need to use discontinuous transmission, but also that there are no possible guarantee for the LAA cell to be authorized to transmit at specific TTIs.

As agreed by RAN1, Rel-12 DRS can be the starting point for RRM measurement and cell identification.

The Rel-12 DRS framework assumes that DRS are transmitted in DMTC occasions based on a configurable time pattern. This is used both for small cell discovery and for RRM measurements. This enables to have the small cell put in an “off” state where only sparse DRS signals are transmitted (provided that no UEs are associated to it or it is not activated for any UEs associated to it). The fixed pattern allows UEs to reliably perform RRM measurements, since RS signals transmission is guaranteed in this pattern. Moreover, it can be configured as a subset of a measurement gap pattern, which allows small cell detection by UEs needing gaps.
This is no longer directly applicable for LAA cells since the DRS transmissions may not occur when expected in case of CCA failure.
There seems to be 2 main possible impacts here.
1) DRS occurrence information

It needs to be discussed whether the UE would need such an information. There are 2 possible options here:
· UE is able to blindly assess if a DRS was sent in a given subframe (e.g., based on thresholds). This would be the simplest option.
· UE is informed of the occurrence of a DRS in the LAA SCell by associated signaling on the PCell (in licensed spectrum). This would typically be done through L1 or L2 signaling. This could apply as long as the UE is already associated to the PCell related to the LAA cell. 
2) DRS expected transmission timing
It is not clear whether a fixed tentative transmission time pattern can still be used. If used, extended occasion durations would likely be needed to allow higher DRS transmissions probability in case of CCA failure. Such a DRS occasion may no longer fit in a measurement gap. This may not be an issue for initial LAA SCell discovery (from non-CA), or for intra-freq measurements on the LAA SCell frequency during CA, since the UE should be able to perform those measurements without gaps. However, a UE may also need gaps for inter-freq measurements on an unlicensed frequency during CA, in case at least 3 frequency layers are deployed, depending on its capabilities. This will need to be discussed.
Proposal 1: RAN2 should investigate the possible reuse of the DRS framework for LAA SCell discovery and measurement.
PCID confusion
It is required to support scenarios of co-channel deployments by different operators. In such scenarios, it could be possible to have PCID confusion issues since both operators could happen to choose the same PCID for their respective LAA cell. A UE may detect and synchronize on the LAA cell from operator B instead of the one from operator A. 
In such a case, it is expected that the eNB would be able to detect the configuration issue, noticing discrepancies between reported measurements for instance, and would reconfigure the cell to a different PCID. It would also be possible for the eNB to request the UE to provide the global cell-ID of the cell, by decoding MIB and SIB1. However, as indicated in the SID, in carrier aggregation UEs are not supposed to receive the current broadcasted system information on an SCell, and this assumption shall be kept. Hence reading MIB and SIB1 on the LAA SCell should be avoided.
Proposal 2: Inter-operator PCID confusion issues should be detected and corrected by eNB without additional standard impact.
New RRM measurements

It may be required to introduce specific measurements to help RRM of unlicensed spectrum. This can be required for instance to help solving the hidden node issue.
The LBT requirement consists for the transmitter to perform a CCA (or extended-CCA) before being authorized to transmit. This is used to share the resource between different services on the unlicensed frequency – but also as the main multiple access method for services like Wifi. When CCA authorizes channel access, devices in the transmitter coverage are then prevented to transmit since their CCA will fail. However, the targeted receiver may still be interfered by devices inside receiver coverage but outside transmitter coverage (hidden node).
In Wifi, a mechanism based on a first RTS/CTS frame exchange enables to reserve the channel for the duration of the transaction. RTS and CTS are robust and short frames which reserve the channel respectively in the transmitter vicinity and in the receiver vicinity, thus protecting the receiver from hidden nodes transmission during the transaction. It can be noted that this implies the use of virtual carrier sense mechanism (decoding of RTS/CTS packets). Energy detection based CCA is not enough. 
RAN1 is currently investigating channel access options and running coexistence analysis with different LAA operator / Wifi network deployments. Depending on RAN1 decisions on channel access details, and simulation results, it may be useful to introduce interference measurements at the UE. Typically, RSSI measurements during subframes where no transmission from LAA cell or UEs are scheduled could be reported to the eNB, as a help to choose the cleanest frequency.
Proposal 3: RAN2 should study whether additional RRM measurements are needed to support LAA, particularly interference measurements.
2.2. User plane – DL only scenario
In this scenario, only eNB needs to fulfill the LBT requirement, before any transmission on the LAA band. Options for implementing the LBT functionality are investigated by RAN1. Regulatory requirements allow different implementations (frame based versus load based equipment). Whatever the final chosen physical option, the main consequence seems to be that transmission on a given TTI in LAA band cannot be guaranteed, and may be delayed by several ms. 
There does not seem to be blocking issues with this, however it would have performance impacts depending on the occurrence which may be mitigated by protocol improvements.
DL HARQ operation

HARQ feedback in UL is not impacted since it is sent on PUCCH on the PCell. DL HARQ retransmissions being asynchronous, there is some flexibility for the eNB to defer the retransmissions in case of CCA failure. However, excessive delay in HARQ retransmissions may not be acceptable.
DRX Operation

The CA framework uses a common DRX scheme whereby the DRX configuration and active time are identical among the activated carriers. During connected DRX, UE can be scheduled only during DRX cycle ON duration periods. A short ON duration is beneficial for UE power savings, but it may reduce the probability of successful scheduling on the LAA cell. However, this may not be an issue, since the UE can be anyway reliably scheduled on a licensed cell. It would then enter the common DRX active time during which LAA cell can schedule any deferred transmission.

SPS

SPS is not supported on SCells hence no impact is foreseen.

Proposal 4: RAN2 should study further the impact on DL HARQ and DRX operation.

QoS considerations

It is noted that the unlicensed spectrum, being subject to unknown interferers and competing devices, is much less reliable and cannot offer a quality of service comparable to the one provided by clean licensed spectrum. This would lead for instance to increased latency on the LAA SCell (for initial transmission as well as HARQ retransmissions).
Typically, LAA cell could be used primarily for best effort traffic. An option for the eNB would be for instance to schedule default DRB over a LAA cell, while premium QoS DRBs are scheduled over a licensed cell. This could be left for eNB implementation. However, there is no specific protocol support for such asymmetric performance carriers. This would apply as well in case UL is allowed in the LAA SCell.
Proposal 5: RAN2 should investigate whether any protocol improvement is needed to handle the potential limited performance of LAA SCell compared to licensed cells.
2.3. User plane – DL + UL scenario 
In this scenario, the UE will also need to fulfill the LBT requirement before transmitting on the unlicensed band. This is also discussed in RAN1. From the SID, it needs to be handled with lower priority compared to the DL only scenario.
In licensed bands, all UE transmissions are scheduled in resources assigned by the NW – either pre-configured resources (e.g. for PRACH resources, PUCCH resources, …) or dynamically allocated resources (through grants). This is clearly not really adapted to the LBT requirement (which is more adapted to Wifi-like devices using autonomous transmissions), hence more impact is foreseen. It is expected that MAC would need to be informed whether a scheduled transmission in a given TTI could be performed or not.
UL HARQ operation

UL HARQ retransmissions are synchronous, hence there is no flexibility for the UE to defer the retransmissions in case of CCA failure. It is likely that this would not be acceptable and would need to be revisited.
Random Access Procedure

PRACH on the LAA SCell will be required for timing alignment purpose in case of non-collocated deployment (through PDCCH order on the SCell). The impact would need to be analyzed.
MAC UL Signaling
MAC UL signaling allowed on SCell, such as PHR and BSR reporting, may be impacted as well. 

TTI Bundling

It is not supported on SCells hence no impact is foreseen.

Proposal 6: RAN2 should study further the impact on UL HARQ, Random Access Procedure, MAC UL signaling.
3. Conclusion 
In this contribution, we have made an initial analysis of the possible impacts on RAN2 of LTE LAA study, and made the following proposals.
Regarding Control Plane:

Proposal 1: RAN2 should investigate the possible reuse of the DRS framework for LAA SCell discovery and measurement.
Proposal 2: Inter-operator PCID confusion issues should be detected and corrected by eNB without additional standard impact.
Proposal 3: RAN2 should study whether additional RRM measurements are needed to support LAA, particularly interference measurements.
Regarding User Plane:
Proposal 4: RAN2 should study further the impact on DL HARQ and DRX operation.

Proposal 5: RAN2 should investigate whether any protocol improvement is needed to handle the potential limited performance of LAA SCell compared to licensed cells.
Proposal 6: RAN2 should study further the impact on UL HARQ, Random Access Procedure, MAC UL signaling.
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