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1
Introduction
LTE Advanced is being considered for deployment in unlicensed spectrum in the 5GHz band. The licensed and unlicensed bands would be aggregated together, in the same way that licensed bands are treated in standard LTE Advanced carrier aggregation. Regulatory authorities around the world have defined a wide variety of requirements so as to inter-operate with the incumbent users in the band, most notably WiFi deployments.

In this document, we discuss the high level design principles that are needed to translate requirements of several regulatory domains to a functional design that can be used globally.
2
Functional Requirements
To achieve a globally deployable solution for LTE Advanced in unlicensed spectrum, we need to define mechanisms to co-exist with incumbent users of the spectrum. In this section, we discuss several mechanisms needed to satisfy several regulations and requirements.
2.1
Channel and Dynamic Frequency Selection for Long Term Co-existence
Channel selection is one of the key techniques to enable co-existence with incumbent users of the spectrum over a long time scale. Before deploying in a certain channel, each LAA-LTE transmitter would scan the spectrum to detect the signature transmissions of already existing technologies in the spectrum such as WiFi beacons and possibly LAA-LTE discovery signals transmitted by eNBs already existing on the channel. An eNB would choose a channel that maximizes its throughput and minimizes interference to other existing users.
Once deployed, an LAA-LTE eNB currently operating in a channel may periodically scan the set of all available channels to find a better suited channel which improves co-existence and minimizes interference.

Dynamic frequency selection (DFS) works in conjunction with channel selection mechanisms. An eNB may deploy DFS to detect interference from radar systems and avoid co-channel operation with these systems. In addition, DFS also provides an aggregate near uniform loading of the available spectrum, minimizing interference and maximizing throughputs.
Proposal: 
1.  LAA-LTE nodes should perform intelligent channel selection for long term co-existence and dynamic frequency selection for avoiding radar transmissions

2.2 
Listen before Talk for Adaptive Channel Access, Fairness with WiFi and other LTE advanced services
The channel selection and DFS mechanisms specified in the Section 2.1 operate on a long time scale when compared to the duration of one LTE radio frame. However, these mechanisms alone are not sufficient to enable co-existence between nodes operating simultaneously. 

Fair and efficient sharing of unlicensed spectrum between users over the time scale of individual transmissions is essential for smooth co-existence of several technologies in the 5GHz band. For example, the 802.11 WiFi MAC uses energy detect and signal/preamble detect based random backoff (with exponential window growth when packets are decoded erroneously) for sharing the channel between other WiFi and non-WiFi users. 
To provide an adaptive channel access mechanism, several regulatory domains specify the use of a listen before talk (LBT) procedure wherein the medium is sensed for ongoing transmissions based on energy detection. A node is allowed to transmit only when the energy detected in the channel is less than a pre-determined threshold. 
Two types of adaptive channel access mechanisms based on the LBT principle have been defined by regulators and are briefly described below for illustration: (1) Frame based equipment and (2) Load based equipment.
2.2.1 Frame Based Equipment (FBE)

An equipment following FBE based channel access procedure performs a Clear Channel Assessment (CCA) using energy detect for a duration not less than 20us. The channel is considered to be occupied if the energy level in the channel exceeds a pre-defined threshold proportional to the maximum transmit power of the transmitter. If the equipment finds a channel occupied, it shall not transmit on the channel during the next Fixed Frame Period, else the equipment may transmit up to the end of the next frame period. 

The total time during which an equipment has transmissions on a given channel without re-evaluating the availability of the channel is defined as the Channel Occupancy Time and can be a pre-defined number between 1 and 10ms. After transmitting on the channel the equipment shall remain idle for at least 5% of the channel occupancy time towards the end of which the equipment may perform a new CCA before channel access again. 

[image: image1.emf]C

C

A

Data Transmission Idle

Fixed Frame Period

Channel Occupancy Period

C

C

A

C

C

A

No Transmission Idle

C

C

A


Figure 2.2.1-1: Different FBE based channel access scenarios. Colored CCA box indicates a failed CCA
2.2.2 Load Based Equipment (LBE)

An equipment following LBE based channel access procedure may implement LBT based spectrum sharing based on the IEEE 802.11 based WiFi channel access procedure. Load based equipment not using the WiFi channel access procedure shall comply with the following minimum set of requirements.
Before transmission, the equipment shall perform a channel access procedure based on CCA energy detect for a duration not less than 20us. The channel is considered to be occupied if the energy level in the channel exceeds a pre-defined threshold proportional to the maximum transmit power of the transmitter. If the equipment finds the channel to be clear, it may transmit immediately. 

If the equipment finds that the channel is occupied, it shall not transmit on the channel. The equipment shall perform an Extended CCA check in which the channel is observed for the duration of a random factor N multiplied by the CCA observation time. N defines the number of clear idle slots resulting in a total idle period that needs to be observed before initiating a transmission. The value of N shall be randomly selected in the range 1 to q (ranging from 4 to 32) every time an Extended CCA is required and the value is stored in a counter. The counter is decremented every time a CCA slot is considered to be unoccupied. The equipment is allowed to transmit when the counter reaches zero.
The maximum channel access time is proportional to the choice of q and is than less than (13/32)*q. After this transmission, the device shall perform an Extended CCA with a randomly generated value of N again before transmitting on the channel.
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Figure 2.2.2-1: Different LBE channel access scenarios using extended CCA. Colored CCA box indicates a failed CCA. N is a random number between 1 and q.
Proposal: 
1.  LAA-LTE nodes should perform adaptive channel access to ensure fairness of channel access 
2.3 
Minimum bandwidth occupancy

Some regulatory domains require that the nominal channel bandwidth
 be at least 5MHz and the occupied channel bandwidth
 shall be between 80% and 100% of the nominal channel bandwidth
Proposal: 
1.  All LAA-LTE downlink and uplink transmissions have a channel bandwidth of at least 5MHz and shall meet the 80% minimum bandwidth occupancy requirement.
2.  When multiple UEs transmit simultaneously on the uplink, each UE’s transmission shall meet the 80% bandwidth occupancy rule.
2.4 
Flexible transmission duration to enable a global solution
Several regulatory domains impose a constraint on the maximum channel occupancy time. For example, in Europe, when using LBE the maximum transmit duration is 13ms (corresponding to q = 32) while using FBE restricts the transmit duration to 10ms. Japanese regulations permit a maximum channel occupancy time of 4ms. Detecting radar signals may also impose additional restrictions on the maximum transmission time depending on the type of radar signal such as pulse width, repetition interval and individual implementation. 
In addition, a transmitter may be active for only a fraction of the maximum channel occupancy period as there might be limited amount of data to transmit. 

Proposal:

1. All transmissions must satisfy the maximum channel occupancy time for that region
2. Candidate solution must support flexible transmission durations
3


Conclusions 

This document discusses the high level design principles that are needed to translate the regulatory requirements and ensure fair co-existence with other users of the spectrum into functional design targets. We propose that a candidate solution for LTE Advanced in unlicensed spectrum should have the following characteristics.
Proposal:

1. Channel and dynamic frequency selection for long term co-existence

2. Listen before talk protocol for adaptive channel access and short term fairness of channel access
3. Minimum bandwidth occupancy for all downlink and uplink transmissions

4. Flexible transmission duration to enable a global solution that can be used in all the regions and bands
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� Definition 1: The Nominal Channel Bandwidth is the widest band of frequencies, inclusive of guard bands, assigned to a single channel.


� Definition 2: The Occupied Channel Bandwidth is the bandwidth containing 99 % of the power of the signal.
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