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1. Introduction

RAN Plenary recently approved a Rel-13 Study Item (SI) to investigate LTE operation in unlicensed spectrum as a complement to operation in licensed spectrum. The objectives of the SI include [1]
1) Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (i.e. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]

2) Document the relevant requirements and design targets for unlicensed spectrum deployment, in particular: 

· Document the relevant existing regulatory requirements for unlicensed spectrum deployment in the 5GHz bands [RAN4]

· Document considerations of introducing licensed-assisted access to unlicensed spectrum whilst highlighting the continued importance/need for licensed spectrum allocations [RAN4]

· 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]

3) Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band [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]
5) Assess the feasibility of base station and terminal operation of 5GHz band (based on regulatory limits) in conjunction with relevant licensed frequency bands. [RAN4]
In addition, completion of the DL-only scenario was given a high priority in [1]. This contribution surveys the existing regulatory requirements governing operation of wireless access systems in the 5GHz band and provides some design considerations for SCell operation in unlicensed spectrum.
2. Discussion 
Generally, operation of a RAT in unlicensed or authorized shared access spectrum is governed by rules that firstly protect primary (incumbent) users and secondly strive for fair coexistence amongst secondary users. For instance, the 5GHz band is sub-divided into sub-bands, where primary users may include meteorological/aeronautical radar and fixed satellite systems, while secondary users may include WIFI and Dedicated Short Range Communications (DSRC). Coexistence mechanisms governing operation of a wireless access system as secondary users include:

1. Transmit Power Control (TPC) 

2. Dynamic Frequency Selection

3. Adaptivity mechanisms e.g. Listen-Before-Talk (LBT)
Figure 1 gives a brief overview of regional requirements governing operation of a wireless access system in the5GHz band [2]. 
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Figure 1 Overview of regional requirements governing wireless access systems in 5GHz

It can be observed that the coexistence mechanisms are not uniformly applied across all geographic regions. To avoid market fragmentation it is desirable for 3GPP to target a harmonized set of requirements that broadly apply across regions. Towards this goal we first consider each of the coexistence techniques listed above.
2.1. Transmit Power Control

As seen in Figure 1, TPC is applicable across many regions to protect incumbent users in some 5 GHz sub-bands. As the SID already targets low power SCell operation it should be straightforward to apply TPC for LAA by utilizing existing LTE procedures.
2.2. Dynamic Frequency Selection
Dynamic Frequency Selection (DFS) is a mechanism to protect incumbent users such as radar by monitoring a channel (Channel Availability Check) and only using it if no primary user is detected. For an operating channel, guidelines are defined for how to move off the channel if/when a radar signal is detected. Exemplary DFS requirements from ETSI are shown in Table 1
Table 1 DFS Requirements for 5.25 -5.35 GHz [3]

	Parameter
	Value

	Channel Availability Check (CAC) Time
	60 s (10 min for BWs overlapping 5.6 – 5.65 GHz)

	Off-channel CAC Time
	6 min to 4 hours (1-24 hours for BWs overlapping 5.6 – 5.65 GHz)

	Channel Move Time
	10 s

	Channel Closing Transmission Time
	1 s

	Non-occupancy period
	30 min

	Probability of detection (per radar burst)
	60%, for both CAC and off-channel CAC


It can be observed that the time scales for DFS are relatively long compared to typical LTE time scales (on the order of tens of milliseconds). Therefore, DFS can be implemented within the existing LTE framework with little change. For example, stopping transmission on a channel where radar is detected may be accomplished by RRC SCell reconfiguration. However, network and, possibly, UE-assisted measurements are needed for radar detection.
Observation: 

· DFS can be implemented with existing CA mechanisms of SCell reconfiguration and activation/deactivation procedures.

· Network and UE-assisted measurements may be required for radar detection.

2.3. Adaptivity mechanisms
Adaptivity mechanisms such as Listen-Before-Talk strive for fair coexistence between RATs operating in unlicensed spectrum. In general, transmissions are avoided when a device detects transmissions from other wireless local area networks on the same channel. The LBT requirements in the EU region, for example, are classified into two categories: frame-based and load-based systems. Since LTE has a defined structure, it is more suited to the frame-based requirements.  The EU frame-based LBT requirements are described in Figure 2 and Table 2.
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Figure 2 Frame-based LBT format
Table 2 Exemplary LBT requirements for frame-based systems [3]

	Parameter
	Value

	Clear Channel Assessment (CCA) Time
	≥ 20 µs (~1/3OFDM symbol)

	Channel Occupancy Time (COT)
	[1, 10] ms

	Minimum Idle Period
	5% of COT


It can be observed that very strict requirements are mandated in the EU while different sets of LBT requirements may be adopted in other regions. However, it is expected that most regions would require some coexistence mechanism to ensure fair access if more than one RAT uses the same spectrum. Taking Figure 2 as an exemplary set of LBT requirements it may be necessary to consider flexible duplex structures to satisfy coexistence with other RATs.  
Observations on LBT requirements for LAA
· A harmonized LBT framework should be investigated taking into account different regional requirements
· Where necessary, it should be possible to allow some configurability in order to satisfy specific regional requirements
· It may be necessary to consider flexible duplex structures to satisfy coexistence with other RATs.

· Initial evaluations may target 5GHz sub-bands that are still in the planning phase (see Figure 1) to ensure flexible coexistence mechanisms are investigated
3. Conclusion

This contribution provided a brief overview of regional requirements governing operation of wireless access systems in the 5GHz band. For the LAA SI, we have the following observations and recommendations regarding implications for LAA
· DFS can be implemented with existing CA mechanisms of SCell reconfiguration and activation/deactivation procedures.

· Network and UE-assisted measurements may be required for radar detection.

· A harmonized LBT framework should be investigated taking into account different regional requirements

· Where necessary, it should be possible to allow some configurability in order to satisfy specific regional requirements

· It may be necessary to consider flexible duplex structures to satisfy coexistence with other RATs.

· Initial evaluations may target 5GHz sub-bands that are still in the planning phase to ensure flexible coexistence mechanisms are investigated
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