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1 Introduction

In RAN plenary #65, a new Study Item on License-Assisted Access (LAA) was approved [1]. In the study item objectives, RAN2 is tasked to evaluate the protocol enhancements needed to support LAA deployments and scenarios that will be studied in RAN1:

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]
RAN1 has been discussing this topic for the last couple of meetings and has also sent us an LS with the agreements so far [2]. In this contribution, we analyze the study requirements, agreed scenarios and design discussions thus far to identify the potential RAN2 impacts. Since RAN1 discussions have only focused on downlink so far, we focus this contribution primarily to the downlink aspects of LAA operation.
2 Background and Initial Evaluation
RAN1 is considering the following LAA deployment scenarios [3], focusing on scenarios with and without macro coverage, both outdoor and indoor small cell deployments and both co-location and non-co-location (ideal backhaul) between the licensed and unlicensed carriers. 
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Figure 1 Deployment Scenarios for LAA
The basic premise for each of these scenarios is the unlicensed cell always operates as a Scell in the framework of carrier aggregation with a Pcell in licensed carrier. The backhaul between the small cell and the macro may be ideal (Scenario 1, 2, 3, 4) or non-ideal (Scenario 3 & 4). 

Observation 1 Release-12 carrier aggregation procedures are assumed for operation of LAA Scell.

It is also clear from the scenarios that LAA cells are always configured as Scells, and can never be used as a Pcell or a PSCell. The LAA cell will have the same functionality as a Scell supporting DL only or DL and UL both. Most of the features and procedures applicable to a legacy SCell should be thus considered baseline for a LAA Scell.

Observation 2 In all RAN1 agreed scenarios, LAA cell is always configured as a Scell as a part of the MCG or the SCG (in Macro-small cell dual connectivity Scenario 4). 

Furthermore, although RAN1 hasn’t finalized on the details on how LAA carriers will be configured, it is commonly understood that the LAA carriers will be configured to operate in a non-standalone manner, and similar to legacy carrier aggregation, the necessary system information may be configured from the Pcell.

Observation 3 The agreed scenarios only require the LAA Scell to operate as a non-standalone Scell. LAA configuration and system information may be provided from the associated Pcell on the licensed carrier.

Given these observations, it would be beneficial to then confirm some baseline assumptions for RAN2. 

Since there is always ideal backhaul between the LAA Scell and  the Pcell or the PScell, in order to allow the eNB to make dynamic scheduling decisions a single MAC entity shared between licensed Pcell and unlicensed Scell will be desirable, and align with the existing carrier aggregation framework. There is no clear need to deviate from this baseline for LAA carriers.
Proposal 1 RAN2 to agree that LAA Scell can share the same MAC entity as the associated Pcell or PScell.
Similarly, it can be further confirmed that each LAA Scell should have its individual HARQ entity, similar to legacy Scell. 
Proposal 2 RAN2 to agree that a separate HARQ entity is configured for each LAA Scell.
Another consideration is whether radio link failure and mobility procedures need to be supported for LAA. Since a cell on unlicensed spectrum can never operate as a primary cell, there is no need to support handover procedures and mechanisms to detect RLF conditions. RRM measurements may still be supported to allow the eNB to determine channel conditions and support LAA channel selection/re-selection.

Proposal 3 RAN2 to agree that there is no need to support RLF and handover procedures for LAA cells.
Based on the deployment scenarios, the LAA cell will be configured as a carrier aggregation Scell for UEs in RRC_CONNECTED, thus, there should not be any impact of LAA operation on UEs in RRC_IDLE. 
Proposal 4 RAN2 to agree that LAA operation is only supported for RRC_CONNECTED UEs. There is no impact of LAA operation to UEs in RRC_IDLE.

Based on Observation 3, it is also possible to discuss from RAN2 point of view if there is need to support LAA Scell carrying MIB/SIB. Similar to legacy Scell, as a baseline the UE may be configured with the system information for LAA Scell from the associated Pcell. If RAN1 further discusses any additional motivation to change this baseline, RAN2 can discuss further discuss the impacts to the procedure. 

Proposal 5 RAN2 should consider re-using the legacy procedures to configure system information for LAA Scell from the Pcell as a baseline.

In terms of the user plane architecture, the following additional observations can be made. Similar to legacy carrier aggregation, the traffic on LAA Scell can use the same security keys and configuration as the Pcell. 

Proposal 6 User plane traffic on the LAA Scell may use the same security configuration and keys as the Pcell.
3 Issues for further consideration

In this section, we consider additional areas that can be envisioned to impact RAN2. 

Since RAN1 has only discussed downlink so far, we primarily focus on the initial issues in downlink, and propose we wait for RAN1 discussions to progress a bit before discussing uplink and other issues.

3.1 Measurements for LAA

3.1.1  Channel selection 
One of the first things that the eNB would need to do is to select a channel for operation among the operating channels in the 5GHz spectrum. A good channel selection mechanism would look for a channel with minimum interference. 

Based on RAN1 discussions, channel selection is primarily an eNB based procedure. However, in order to detect hidden nodes/cells, some assistance from the UE may be needed. For example, the eNB may ask a UE to provide neighbour cell measurements of LAA cells to support its LAA channel selection procedure. The UE may be asked to detect other RATs, e.g., WiFi to help the eNB get a more complete picture of the status of each channel before selection. Additional metrics may also be defined to determine how suitable the channel is (e.g., channel utilization, number of transmitters detected, etc.).
Before discussing all possible types of measurements, RAN2 should first discuss whether new mechanisms should be studied to support measurements for channel selection. If so, RAN2 should discuss if new measurement types need to be defined for measuring other RATs and/or additional metrics e.g. channel utilization.
Proposal 7 Discuss whether additional mechanisms should be studied to perform measurements for LAA channel selection and, if so, further discuss if new measurements for measuring other RATs and/or channel utilization should be studied.

3.1.2  Cell discovery
Once the channel is selected, the eNB may start using the channel and transmit reference signals to allow other UEs to discover the channel. RAN1 has already agreed that discovery reference signal (DRS) introduced in Rel-12 SCE will be considered as a baseline for LAA. The UE may need to discover the LAA Scell by measuring DRS and provide discovery measurements to the eNB.
RAN1 is still evaluating if LBT needs to be performed before transmitting DRS, and if so DRS may be opportunistic and not always available for measurement. If so, additional enhancements to the discovery measurement may need to be considered.
Proposal 8 Agree that Rel-12 DRS measurement configuration (i.e. DMTC) is baseline to support LAA Scell discovery. Further enhancements may be considered, if needed in case of LBT for DRS (wait for RAN1 input).
3.1.3  RRM measurements

The last part of measurements is to support measurement reporting for RRM. Once again, as a baseline, the existing measurement framework could be re-used to report ongoing channel conditions for the UE, and existing Scell RRC re-configuration procedures can be used to reconfigure to the selected channel. 
But, based on RAN1 input, additional measurements and possibly mechanism may be required. For example, if the channel ON-OFF is performed dynamically, depending on how dynamic the procedure can be, additional enhancements may be needed in the physical layer to inform the UE on how and when to perform measurements. 
Proposal 9 Agree that Rel-12 measurement configuration and reporting framework is baseline to support RRM measurements for LAA Scell and wait to consider enhancements until further RAN1 progress is made.
3.2  LAA Channel access 
In order to perform a DL transmission or issue an uplink grant, the eNB needs to contend for and acquire the channel as per the regulations specified for unlicensed spectrum use. In most countries, regulations require the equipment to perform CCA or carrier sensing to determine the channel is available before transmission. 

Given the CCA is performed by the eNB before transmission and downlink HARQ is asynchronous, the eNB can dynamically perform transmissions in downlink on an activated LAA Scell whenever the channel becomes available. In the uplink, depending on the design options selected in RAN1 for uplink channel access, RAN2 will need to consider the impacts to MAC procedures to support dynamic grants and backoff.
Observation 4 Depending on RAN1 discussions, RAN2 will need to consider impacts to MAC procedures to support uplink CCA and backoff operations.
3 Conclusions
This contribution discussed the key RAN2 impacts of supporting LTE operation in unlicensed carriers. RAN2 is kindly requested to discuss and agree to the following proposals to establish a general framework for further LAA study:
Proposal 10 RAN2 to agree that LAA Scell can share the same MAC entity as the associated Pcell or PScell.

Proposal 11 RAN2 to agree that a separate HARQ entity is configured for each LAA Scell.
Proposal 12 RAN2 to agree that there is no need to support RLF and handover procedures for LAA cells.

Proposal 13 RAN2 to agree that LAA operation is only supported for RRC_CONNECTED UEs. There is no impact of LAA operation to UEs in RRC_IDLE.

Proposal 14 RAN2 should consider re-using the legacy procedures to configure system information for LAA Scell from the Pcell as a baseline.

Proposal 15 User plane traffic on the LAA Scell may use the same security configuration and keys as the Pcell.
Proposal 16 Discuss whether additional mechanisms should be studied to perform measurements for LAA channel selection and, if so, further discuss if new measurements for measuring other RATs and/or channel utilization should be studied.

Proposal 17 Agree that Rel-12 DRS measurement configuration (i.e. DMTC) is baseline to support LAA Scell discovery. Further enhancements may be considered, if needed in case of LBT for DRS (wait for RAN1 input).
Proposal 18 Agree that Rel-12 measurement configuration and reporting framework is baseline to support RRM measurements for LAA Scell and wait to consider enhancements until further RAN1 progress is made. 
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