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1 Introduction

In RAN1 #78bis, high level required functionalities and design targets for “Licensed Assisted Access using LTE” were discussed. Following agreements were made:

Agreements:
· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· 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
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs
In this contribution, we discuss the methods and spec impacts to support the following functionalities in LAA.
· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
· TPC
2 Discussion
2.1
Dynamic frequency selection
As specified in [1], dynamic frequency selection (DFS) are required in some frequency bands (e.g. 5250 MHz ~5350 MHz or 5470 MHz~5725 MHz), with the following targets
· detect interference from radar systems (radar detection) and to avoid co-channel operation with these systems;

· provide on average a near-uniform loading of the spectrum (Uniform Spreading).

Two operational modes are defined for DFS, i.e. master mode and slave mode. The functionalities required for both modes are summarized in the following table, mostly for master devices. The detection probability of radar signals is also specified for channel availability check and in-service monitoring.
	Requirement
	Master device
	Slave device

	Channel Availability Check
	10 minutes for 5 600 MHz to 5 650 MHz 
	Required 
	Not-required 

	
	60s for other bands
	
	

	Off-Channel CAC
	1 to 24 hours for 5600 MHz to 5650 MHz
	Required 
	Not-required

	
	6 minutes to 4 hours for other bands
	
	

	In-Service Monitoring
	
	Required 
	Not-required

	Channel move time
	10s
	Required 
	Required

	Channel closing transmission time
	1s
	Required 
	Required

	Non-Occupancy Period
	30 minutes
	Required 
	Not-required

	Uniform Spreading
	At least 60% of the available spectrum shall be used
	Required 
	Not-required


Considering LAA system, eNB and UE can be seen as the master and slave device, respectively. The detection of radar signal can be done by eNB implementation to meet the corresponding requirements. 
When radar signal is detected by in-service monitoring, the transmission on the channel where radar signal is detected shall be stopped within the “channel move time” and the aggregated transmission time within this period shall be limited to less than “Channel closing transmission time”. Since rather long transition time is allowed for the above channel move and closing procedure, it can be supported by the existing Scell addition/removal and activation/deactivation procedure without requiring additional specification work.
Proposal 1: DFS does not require additional specification work for LAA.
2.2
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. In order to support carrier selection, RSSI measurement on the unlicensed carrier frequency is needed. RSSI measurement could be used as a general method considering LAA co-existence with both WIFI and other LAA networks. Further discussion is needed on the required time/frequency resources for the RSSI measurement, e.g. whether clear channel assessment as defined for LBT is sufficient for RSSI measurement purpose.
For co-existence scenarios with multiple LAA networks, it is also beneficial for an LAA eNB to detect signals from other LAA cells on multiple carriers to facilitated better carrier selection. For example, an LAA eNB can detect the PSS/SSS on each unlicensed frequency and select the carrier with the least amount of detectable cells (and hence highly likely without the least interference) for transmission. 
Other schemes for carrier selection requiring interaction between LAA and WIFI have also been proposed, e.g. LAA eNB detects WIFI beacons or transmits pseudo WIFI beacon signals. These approaches can be possible if implemented by eNB. However, we don’t think any specification changes should be required for them.
Slower carrier selection for LAA can be supported by long term eNB measurements, e.g. RSSI or number of detected LAA cells, followed by the existing Scell reconfiguration or activation/deactivation procedure. Faster carrier selection can be supported when multiple secondary serving cells are activated for the UE and if the eNB has the sufficient information and capability to select an unlicensed carrier for data transmission in ms or a few ms level. 
For co-existence scenarios with multiple LAA networks, it may be beneficial to coordinate the resource utilizations on the unlicensed band shared by multiple operators, with either slower or faster coordination time scale. Further studies are needed on the feasibility of the coordination and the signaling support.

Proposal 2: To support carrier selection in LAA, additional specification work may be needed expecially to support fast carrier selection. Resource coordination schemes among multiple LAA operators can be further considered. 
2.3
TPC
Transmit power related requirements include 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. In addition, power leakage related requirements are also specified, including ACLR and out of band emission, etc. LAA shall be designed to meet the above regulatory requirements. 
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 can be achieved by signaling support from a serving cell in licensed spectrum, e.g. Pcell.

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.
Proposal 3: No additional RAN1 work is expected in support of TPC in LAA.
3 Conclusion
In this contribution, we discuss several aspects including dynamic frequency selection, carrier selection, and transmit power control for LAA and we have following proposals.
Proposal 1: DFS does not require additional specification work for LAA.
Proposal 2: To support carrier selection in LAA, additional specification work may be needed especially to support fast carrier selection. Resource coordination schemes among multiple LAA operators can be further considered.
Proposal 3: No additional RAN1 work is expected in support of TPC in LAA.
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