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1 Introduction
The R13 SI LTE LAA [1] was started to determine a single global solution which enhances LTE operation to enable license-assisted access to unlicensed spectrum. In order to support LTE LAA operation in the 5GHz bands, compliance with regulatory requirements governing the usage of various 5 GHz band portions and fair spectrum usage with incumbent or yet to-be-deployed WiFi, LAA and other wireless services are necessary.
We expect that initial deployments of R13 LTE LAA will only occur in selected and prioritized subbands in the 5 GHz bands. Similar to past LTE releases however, it should be ensured that core specifications in RAN1 will support all functionalities to allow for frequency-agnostic LTE LAA operation in the 5 GHz bands. Actual RF, demodulation and compliance requirements for individual 5 GHz subbands will then be set through RAN4 spectrum only WIs following well-established 3GPP methodology.
In this contribution, we present a summary view of regulatory requirements for the various ITU regions. Based on these, we discuss required L1 radio functionalities to support LTE LAA operation in the 5 GHz bands. We distinguish between DL only vs. DL and UL mode of operation for LTE LAA SCells.
In our companion contribution [4] we separately discuss LTE LAA design targets deriving from performance and fair spectrum usage considerations when coexisting with the different WiFi radio technologies and other LTE LAA systems.
2 Discussion
During the January and June 2014 RANP workshops on LTE operation for unlicensed bands, many contributions have summarized and outlined different regulatory aspects governing the use of the 5 GHz bands in individual ITU regions and countries ([2][3]).We note that regulatory requirements for the 5 GHz bands are highly fragmented (Table 1).
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Table 1: Overview of regulatory requirements across ITU regions in the 5 GHz bands
It becomes clear from Table 1 that three different types of functional components are necessary in order to support a single global solution for LTE LAA operation in the 5 GHz bands. These are (1) TPC (2) DFS/RADAR, (3) LBT/CCA.
A first question to consider is which ones of these functional components are to be addressed in RAN4 as part of spectrum related WIs. Some functional components, or parts thereof will require evaluation in RAN1. This is because either LTE doesn’t yet provide functionality suitable to address these requirements, or, existing functionality may need to be adopted to the particular needs of the 5 GHz bands.
Furthermore, for LTE LAA DL-only SCell operation, Tx side compliance will only be required on the eNB side. Regulatory requirements for LTE LAA compliance will impact the UE more when both LAA SCell DL and UL mode of operation are supported in the UE.
In the following, we discuss requirements for 5GHz band operation with particular focus on European regulations in ITU Regions 1 and FCC requirements in ITU Region 2.

2.1 Transmit Power Control (TPC)

European regulations impose limits in terms of RF output power and PSD through mean EIRP and the mean EIRP density for most of the 5 GHz subbands. These are usually a function of the channel bandwidth. There are also Tx side OOB emission and Tx power spectral masks limits.
FCC requirements in the US impose limits on the peak maximum Tx power, i.e. not in excess of 1W. If antenna gains are larger than 5dBi, then conducted output power needs to be reduced. Similar to European regulations, limits on OOB emissions and PSD are imposed.
It is important to consider here that TPC is a feature that should not be confused with a requirement for DL or UL fast dynamic or slow power control mechanisms such as typically used in 3G or LTE radio systems. Regulatory requirements impose limits on the maximum output power and they impose a power control target through an average power reduction. Moreover, they define RF limits for spectral emission masks, OOB emissions and spurious emissions.
Some form of dynamic or at least slowly adjustable Tx power control may be considered a necessity and highly desirable for other reasons, i.e. radio resource management to keep interference levels low. However, when coexisting with CSMA based wireless systems, reducing the Tx power also has the undesirable side effect that CCA detectability by other devices in the vicinity is reduced, therefore leading to more access collisions. In any case, existing LTE DL power control mechanisms are more limited than those in the UL due to restrictions in terms of EPRE for higher order modulation. The use of Tx power control on the LTE LAA SCell should be part of performance related evaluations.
Furthermore, PSD limits for some subbands in some countries impose de-facto limitations on the transmission BW to be used, i.e. sending only 2 or 3 PRB’s on an LTE LAA SCell in the UL with SC-FDMA may not be allowed.

In consequence, if DL only is supported on the LAA SCell, regulatory compliance mainly implies RAN4 specification work in the form of spectrum specific WI(s).
If DL and UL are supported on the LAA SCell, subband and country specific maximum Tx power limits need to be supported for (roaming) UE’s in addition to RF compliance.
Observation 1:
LTE LAA compliance with TPC regulatory requirements for operation in the 5 GHz bands can mainly be addressed in RAN4. In addition, if DL and UL are supported on the LAA SCell, a mechanism to configure subband and country specific maximum UE Tx power limits is needed.
2.2 Dynamic Frequency Selection (DFS) and Radar Detection

DFS functionality allows to detect the presence of radar signals and guides a transmitter to switch to another channel when active radar operation is encountered on a radio channel. Note that even prior to the actual start of any transmission, wireless devices equipped with DFS capability may continually need to monitor the radio.
European regulations require DFS functionality for some 5 GHz subbands. DFS requirements impose minimum Rx sensitivity levels for a receiver which are among others a function of channel bandwidth and antenna gain. Radar detection requires channel availability checks (ACA) by the so-called master node in the order of 60 sec or for frequencies not in the 5.6-5.65 GHz range, and order of 10 min or less for inside this range. Once detected, both master and slave nodes must vacate the channel within 10 sec, followed by a mandatory non-occupancy time for such a channel in the order of not less than 30 min.
FCC requirements in the US require DFS functionality for U-NII-2 devices. A minimum DFS Rx sensitivity threshold level of -64 dBm is required. Channel availability checks and mandatory channel non-occupancy times are the same as in Europe. The allowed maximum channel move time is only in the order of 200 ms during live operation.
For DL only operation on an LAA SCell, the eNB is required to perform Radar detection.

When both DL and UL are supported on the LAA SCell, DFS and Radar Detection capability would typically be implemented in a master (eNB) – slave (UE) type of approach. In this case, some form of UE measurement tested against minimum Rx sensitivity thresholds with sample tests Radar signatures is required. In addition, reporting of observed Radar interference is required even from the UE. Therefore, there needs to be signaling support in order to report, vacate and to prohibit LAA SCell channel access for a duration of time once Radar is detected.
It is worthwhile to note that a DFS mechanisms in terms of providing frequency agility on a slow timescale order of minutes or ten’s of seconds, i.e. the ability to re-configure the operating channels for UEs in the 5 GHz bands may be very desirable when considering typical load distributions of 802.11 systems.

Observation 2:
If DL and UL are supported on an LAA SCell, compliance with DFS / Radar Detection requirements will require measurement, reporting and signaling support from UE and eNB.
2.3 Listen-Before-Talk (LBT) / Clear-Channel-Assessment (CCA)
LBT functionality requires that prior to start of actual wireless transmissions, devices will perform CCA for a minimum amount of time. A channel is considered occupied if the measured Rx power is above a certain threshold level. Once channel access is performed, maximum occupancy time limits for the device are imposed. The device must also provide minimum idle time where it doesn’t transmit such as to guarantee that other devices may access the channel.

European regulations require LBT a.k.a. CCA functionality both for “load based” and for “frame based” wireless devices for some 5 GHz subbands independent of whether a channel is actually occupied or not. CCA measurement time is a minimum of 20 us. For frame based equipment, the allowed channel occupancy is from at least 1 ms to not more than 10 ms. For load based equipment, it is not more than 13 ms. CCA energy detection thresholds are also defined, i.e. -73 or lower dBm / MHz if the Tx side EIRP is 23 dBm. A maximum duty cycle is imposed, i.e. a transmitting device must create at least 5% idle time when compared to channel occupancy time for other devices to have a chance to own the channel.
It is clear from above that compliance with LBT / CCA requirements for LTE LAA operation in the 5 GHz bands has two consequences. Firstly, a well-defined eNB DL Tx Time On/Off behavior is required, i.e. means to stop transmitting any type of DL signal including PDSCH and Common DL Signals / Channels after a maximum transmission period in the order of one radio frame, or some 9 - 10 ms.
If DL only mode of operation on the LAA SCell is supported, only the eNB as transmitter requires support for LBT / CCA for compliance with regulatory requirements.
If DL and UL are supported on the LAA SCell, significantly more design effort is required for UE compliance to provide both LBT and Time On/Off functionality.
We point out however that for channel fairness and performance reasons, it will still be extremely important to have some form of CCA channel busy measurement and associated reporting for the LAA SCell in the UE for the case of DL only operation . The radio range of other WiFi transmitters in the vicinity as perceived by the UE and by the eNB will be greatly different. Exclusively relying on eNB side LBT / CCA measurements will affect observed collisions rates because of the limited and not representative “listening range” of the scheduling eNB.
Observation 3:
LTE LAA compliance with LBT / CCA requirements will require support for Tx Time On/Off patterns and associated UE behavior on the LTE LAA SCell to restrict maximum transmission periods to not more than 9-10 ms. LBT and CCA for DL only LAA SCell operation needs to be performed at least in the eNB.
3 Conclusion

In this contribution, we present a summary view of regulatory requirements for the various ITU regions. In order to support a single global solution for LTE LAA operation in the 5 GHz bands, three types of functional components are required for regulatory compliance: (1) TPC (2) DFS/RADAR, (3) LBT/CCA. We distinguish between DL only vs. DL and UL mode of operation for LTE LAA SCells.
In summary,

· TPC regulatory requirements for operation in the 5 GHz bands can mainly be addressed in RAN4, in particular for DL only LAA SCell operation. If DL+UL are supported on the LAA SCell, a mechanism to configure subband and country specific UE maximum Tx power limits is needed. Existing LTE signaling functionality can be (re-)used to meet this design requirement.
· Compliance with DFS / Radar detection requirements will require that for a DL only LAA SCell where the eNB must implement a radar detection background measurement, a mechanism is needed to vacate, i.e. not use the LAA SCell channel. Existing LTE signaling, i.e. SCell (re-)configuration through RRC and (de-)activation can in principle be (re-)used to meet this design requirement. For DL+UL LAA SCell operation, also a new UE measurement, reporting and signaling mechanism between UE and eNB must be supported.
· Compliance with LBT / CCA requirements will require support for a Tx Time On/Off mechanism and associated UE behavior on the LTE LAA SCell to restrict maximum transmission periods to not more than 9-10 ms. LBT and CCA for DL only LAA SCell operation needs to be performed at least in the eNB for a DL only LAA SCell.
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