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Discussion
1 Introduction

In RAN #65, a couple of contributions were submitted, proposing to study the feasibility of flexible resource utilization for traffic adaptation for LTE FDD [1][2][9][10]. After discussion, single merged study item was made in [3]. The objectives of this Study Item were:

“To identify and evaluate the potential enhancements in utilizing the UL spectrum for downlink transmission (i.e. from the network to UEs) and the coexistence issue taking into account of the regulatory constraints.”
During the presentation of the SID in RAN#65, it was commented that understanding on regulatory aspects would be beneficial in order to motivate the study in 3GPP. In RAN#66, a contribution capturing initial findings on regulatory aspects related to flexible duplex operation was presented and discussed that it would be good to have RAN-level study to understand the feasibility, constraints and possible considerations from the regulation perspective to allow flexible duplex operations. Based on comments and discussions, we propose RAN-level SID [15] to study possible scenarios of flexible duplex operations and capture the findings on regulatory aspects. To facilitate the discussion, this contribution provides some initial findings on regulatory aspects for some countries for possible approaches of flexible duplex operations. 
2 Two alternative approaches for flexible resource utilization for LTE FDD system [4]
Though it is not limited to the mentioned approaches in below, overall, there could be two alternative approaches that can be utilized for flexible resource utilization in LTE FDD systems: First approach is to utilize FDD UL spectrum based on downlink signal formats such as by configuring a TDD cell or supplementary DL cell in a UL band. Second approach is to enable flexible UL spectrum usage based on uplink signal formats such as based on SC-FDMA based transmission in a UL band. Though further restrictions may exist by regional regulations, in general, both approaches can be considered for fixed base-station and also fixed/mobile Relays. 
Alternative 1) Configuration of a TDD cell or Supplementary DL in UL band
The first solution is to extend the concept of eIMTA (Enhanced Interference Mitigation and Traffic Adaptation) which has been specified for TDD in Release 12 to FDD. Conceptually, it is equivalent to configuring a new TDD serving cell on the un-used resources of the UL band as delineated in Figure 1. In addition, configuring a Supplementary DL cell in the un-used resources of the UL band can be considered as well, which may alleviate the necessity of tight network synchronization. In this alternative, eNB transmission in UL band will use the current DL signal/channel format. 
Alternative 2) UE reception of UL signal format in UL band
In this solution, a network device (referred to as “device X” below) transmits user traffic using UL signal/channel format in UL band and the relevant UE receives this signal. The device X is directly connected to the network via fast backhaul link like RRH, connected via wireless link like wireless relay node, or it can be installed within the eNB. From the regulation point of view, utilizing UL band by this solution is the same as UL backhaul transmission from a LTE type 1 relay node (illustrated in Figure 3) in the sense that a network device transmits UL signal in UL band; the only difference is that a UE now needs to receive UL signal in UL band. We note that Rel-12 D2D in a FDD cell uses UL signal format in UL band, so at least D2D-capable UEs are already equipped with such UL signal reception capability. 
3 Study of regulatory aspects in relation to flexible resource utilization for LTE FDD
We have performed some preliminary studies on regulatory aspects of several countries in relation to flexible utilization of uplink spectrum for LTE FDD system. 
Though some exhaustive studies may reveal new findings, this preliminary studies would offer some guidelines/possibilities how the potential approaches for flexible resource utilization of FDD UL spectrum can operate in consideration of regulation.
3.1  Korean Regulation [5, 6]
In Korean regulations, specifications on the transmitting device type are dependent of the frequency bands. The following can be an example:

A. Frequency bands 1710 – 1785 MHz (mobile stations transmit) and 1805 – 1880 MHz (base stations transmit) are used for mobile communications [Footnote K111B in 5].

B. Frequency bands 1885 – 1980 MHz, 2010 – 2025 MHz, and 2110 – 2170 MHz are used for IMT-2000. Among them, frequency bands of 1920 – 1980 MHz and 2110 – 2170 MHz are used for FDD, and frequency bands 1885 – 1920 MHz and 2010 – 2025 MHz are used for TDD [Footnote K114 in 5].

For the devices using 3GPP LTE technology, restrictions are imposed on the modulation scheme and the communication direction in each frequency band. In particular,

C. Wireless devices for mobile communications using SC-FDMA in frequency bands 819 – 849 MHz, 904.3 – 915 MHz, 1715 – 1795 MHz, 1920 – 1940 MHz, 2500 – 2540 MHz and using OFDMA in frequency bands 864 – 894 MHz, 949.3 – 960 MHz, 1810 – 1880 MHz, 2110 – 2130 MHz, 2620 – 2660 MHz shall comply with the conditions specified in [6]. As a common condition, the communication method is FDD using OFDMA in the direction to the subscriber and using SC-FDMA in the direction to the operator.
Based on our initial analysis on Korean regulations, it seems that Korean regulation does not explicitly disallow a base station to transmit in UL band at least for some frequency bands. This observation is clear from the comparison of above description in A and B. From the first sentence in C, it can be interpreted that SC-FDMA or OFDMA is determined by the signal transmitting frequency band. The second sentence in C mainly describes regulation from the intended receiver perspective rather than defining the transmitter in a frequency band. Therefore, at least, Alternative 2 in the previous section to utilize flexible resource in UL spectrum seems a feasible option from the transmitter perspective. Whether a UE can listen on UL spectrum, on the other hand, is not clear by Korean regulation, which is a common issue between D2D operation and flexible resource utilization in UL spectrum. Some further updates on Korean regulation can refer [16]. 
3.2 Japanese Regulation [7]
In [7], article 4-4 paragraph (5) Radio equipment of radio station performing radio communication using single-carrier frequency division multiple access, followings are stated. The radio equipment of a base station or a land mobile station that performs radio communication using single-carrier frequency division multiple access and frequency division duplex shall conform to the following conditions, when it transmits radio waves in the frequencies listed in the following table.

	Type of radio equipment
	Frequency

	Radio equipment of base station
	773~803MHz, 860~890MHz, 945~960MHz, 1475.9~1510.9MHz, 1839.9~1879.9MHz, 2110~2170MHz

	Radio equipment of land mobile station
	718~748MH, 815~845MHz, 900~915Mhz, 1427.9~1462.9MHz, 1744.9~1784.9MHz, 1920~1980MHz


· General conditions: As for communication method, the multiplexing scheme combining orthogonal frequency division multiplexing and time-division multiplexing is used when performing the transmission from the base station to the land mobile station, and the duplex scheme using single carrier frequency division multiple access is used when performing the transmission from the land mobile stations to the base station.

In addition to those two equipment types, land mobile relay station is defined as “radio station which relay communication between BS and land mobile stations and between land mobile stations and not move in land for relaying communication.”
In article 49-6 paragraph, the following frequencies are described for the radio equipment of land mobile relay stations for transmission with certain requirements on adjacent carrier leakage.
	Type of radio equipment
	Frequency

	Radio equipment of land mobile relay station
	718 ~748 MHz, 773~803 MHz, 815~845 MHz, 860~890 MHz, 900~915 MHz, 945~960 MHz, 1427.9~1462.9 MHz, 1475.9~1510.9 MHz, 1744.9~1784.9 MHz, 1839.9~1879.9 MHz, 1920~1980 MHz, 2110~2170 MHz


From the above general conditions and the definition of “land mobile relay station”, it is our understanding that allowed transmitting devices in UL band are not restricted to the mobile terminals (e.g., UEs) in Japanese regulation. Instead, UL band is characterized by the use of SC-FDMA by land mobile station and/or land mobile relay station together with the intended receiver which is base station according to Japanese regulation. Therefore, similar observation as in the previous section can be made from the analysis of Japanese regulation that Alternative 2 seems to be feasible from the transmitter perspective while it may involve potential issues from the receiver perspective, which is a common issue between D2D operation and flexible resource utilization in UL spectrum. 
Observation 1: Based on some initial findings on Korean/Japan regulations, it seems that Alternative 2 can be considered for flexible duplex operations at least from the transmitter perspective. 
3.3 US regulation [8]
Following information is from part 27 of CFR.

· 1710–1755 MHz and 2110–2155 MHz bands
In CFR subpart C, 27.50 (power and antenna heights limit), there are following statements

	(d) The following power and antenna height requirements apply to stations transmitting in the 1710–1755 MHz and 2110–2155 MHz bands:

(1) The power of each fixed or base station transmitting in the 2110–2155 MHz band and located in any county with population density of 100 or fewer persons per square mile, based upon the most recently available population statistics from the Bureau of the Census, is limited to a peak equivalent isotropically radiated power (EIRP) of 3280 watts. 

[omitted]

(2) Fixed, mobile, and portable (handheld) stations operating in the 1710–1755 MHz band are limited to a peak EIRP of 1 watt. Fixed stations operating in this band are limited to a maximum antenna height of 10 meters above ground, and mobile and portable stations must employ a means for limiting power to the minimum necessary for successful communications.


In the above, “fixed station” is defined as a station in the fixed service or at a fixed location for the purpose of i.e., control, repeater, central office, rural subscriber, or inter-office station. Therefore, transmission on UL band seems to be allowed as long as transmitter satisfies the constraints of antenna height (not higher than 10m) and peak EIRP (less than 1 watt). Thus, it is our interpretation that both alternatives seem to be allowed in this frequency bands in US as long as the transmitting base station’s transmit power level and antenna height in UL spectrum do not infringe the above regulation

·   2305-2315 MHz and 2350–2360 MHz bands

In CFR subpart C, there are following statements for 2305-2315 MHz and 2350–2360 MHz bands:

	(1) Base and fixed stations. (i) For base and fixed stations transmitting in the 2305-2315 MHz band or the 2350-2360 MHz band:
(A) The average equivalent isotropically radiated power (EIRP) must not exceed 2,000 watts within any 5 megahertz of authorized bandwidth and must not exceed 400 watts within any 1 megahertz of authorized bandwidth.

(B) The peak-to-average power ratio (PAPR) of the transmitter output power must not exceed 13 dB. The PAPR measurements should be made using either an instrument with complementary cumulative distribution function (CCDF) capabilities to determine that PAPR will not exceed 13 dB for more than 0.1 percent of the time or other Commission approved procedure. The measurement must be performed using a signal corresponding to the highest PAPR expected during periods of continuous transmission.
[omitted]

(3) Mobile and portable stations. (i) For mobile and portable stations transmitting in the 2305-2315 MHz band or the 2350-2360 MHz band, the average EIRP must not exceed 50 milliwatts within any 1 megahertz of authorized bandwidth,except that for mobile and portable stations compliant with 3GPP LTE standards or another advanced mobile broadband protocol that avoids concentrating energy at the edge of the operating band the average EIRP must not exceed 250 milliwatts within any 5 megahertz of authorized bandwidth but may exceed 50 milliwatts within any 1 megahertz of authorized bandwidth. For mobile and portable stations using time division duplexing (TDD) technology, the duty cycle must not exceed 38 percent in the 2305-2315 MHz and 2350-2360 MHz bands. Mobile and portable stations using FDD technology are restricted to transmitting in the 2305-2315 MHz band. Power averaging shall not include intervals in which the transmitter is off.


· WCS (Wireless Communication Service) spectrum
In CFR subpart C, 27.50 (power and antenna heights limit), there are following statements

	(6) Licensees of fixed or base stations transmitting a signal in the 746–757 MHz, 758–763 MHz, 776–787 MHz, and 788–793 MHz bands at an ERP greater than 1000 watts must comply with the provisions set forth in paragraph (b)(8) of this section and § 27.55(c).

(8) Licensees authorized to transmit in the 746–757 MHz, 758–763 MHz, 776–787 MHz, and 788–793 MHz bands and intending to operate a base or fixed station at a power level permitted under the provisions of paragraph (b)(6) of this section must provide advanced notice of such operation to the Commission and to licensees authorized in their area of operation. Licensees who must be notified are all licensees authorized to operate in the 763–775 MHz and 793–805 MHz bands under part 90 of this chapter within 75 km of the base or fixed station and all regional planning committees, as identified in § 90.527 of this chapter, with jurisdiction within 75 km of the base or fixed station. Notifications must provide the location and operating parameters of the base or fixed station, including the station’s ERP, antenna coordinates, antenna height above ground, and vertical antenna pattern, and such notifications must be provided at least 90 days prior to the commencement of station operation.

(9) Control stations and mobile stations transmitting in the 746–757 MHz, 758–763 MHz, 776–793 MHz, and 805–806 MHz bands and fixed stations transmitting in the 787–788 MHz and 805–806 MHz bands are limited to 30 watts ERP.


From the above and the reference for the other spectrum in CFR 47, WCS (Wireless Communication Service) spectrums seem to be defined as duplex-neutral bands where regulation does not specify which device (eNB or UE) is allowed to transmit in which frequencies. Instead, only the emission-related regulations are defined for eNB and UE transmissions, respectively. Also, it should be noted in the above, “control station” is defined as a fixed station, the transmission of which are used to control automatically the emissions or operations of a radio station, or a remote base station transmitter. Therefore, transmission on UL band seems to be allowed as long as transmitter satisfies the constraints of 30 watts ERP. And, there are separate descriptions on emission limits in CFR 27.53 (omitted in this document due to very lengthy description) including power of any emission outside a licensee's frequency band and the adjacent channel power (ACP) requirements for transmitters designed for various channel sizes without explicit discrimination of type of transmitters.
From US regulation, it can be inferred that eNB can transmit signals in any frequency within some frequency bands as long as antenna height and emitted power level of eNB are compliant with the regulations. Examples of such frequencies are US 700MHz bands, the band of 2305-2315 MHz and 2350–2360 MHz, and the band of 1710–1755 MHz and 2110–2155 MHz. Therefore, the regulation in US seems to allow flexible duplex scheme based on both alternatives in UL bands at least in some frequency bands.
Observation 2: Flexible duplex scheme based on both alternatives would be possible at least in some frequency bands in US. Examples of such bands include US 700MHz bands, the band of 2305-2315 MHz and 2350–2360 MHz, and the band of 1710–1755 MHz and 2110–2155 MHz.
3.4 European regulations

At this moment in time two relevant EC Directives are in force:

1. R&TTE Directive [11], to be repealed with effect from 13 June 2016, saying in article 3.2 that:

	(2) In addition, radio equipment shall be so constructed that it effectively uses the spectrum allocated to terrestrial/space radio communication and orbital resources so as to avoid harmful interference.


2. Radio Equipment Directive (RED) [12], in force from June 12 2014, saying that:  

	(10) In order to ensure that radio equipment uses the radio spectrum effectively and supports the efficient use of radio spectrum, radio equipment should be constructed so that: in the case of a transmitter, when the transmitter is properly installed, maintained and used for its intended purpose it generates radio waves emissions that do not create harmful interference, while unwanted radio waves emissions generated by the transmitter (e.g. in adjacent channels) with a potential negative impact on the goals of radio spectrum policy should be limited to such a level that, according to the state of the art, harmful interference is avoided; and, in the case of a receiver, it has a level of performance that allows it to operate as intended and protects it against the risk of harmful interference, in particular from shared or adjacent channels, and, in so doing, supports improvements in the efficient use of shared or adjacent channels.


Both Directives require that the harmful interference is avoided; in addition, the RED indicates that the emissions in the adjacent channels should be limited and the performance of the receiver is suitable for limiting the effect of interference in shared or adjacent channels.

Framework DIRECTIVE 2002/21/EC [13], says:

“(18) The requirement for Member States to ensure that national regulatory authorities take the utmost account of the desirability of making regulation technologically neutral, that is to say that it neither imposes nor discriminates in favour of the use of a particular type of technology”

By the above principles, we may consider that European regulations intend to have no preference for a specific waveform/signal format to be used in FDD UL spectrum as long as some other regulations are not violated.
Though that European regulation may indicate that FDD UL spectrum is used by UE for transmission, if some amendments will be allowed, flexible duplex operations can be considered. For example, EU regulation applies the concept of “Block Edge Masks (BEM)”, which are defined in some European Decisions (e.g., [14] for 2.5-2.7Ghz). This concept defines the maximum permitted power spectral density within a given frequency bandwidth. For example, in 2.5-2.7GHz regulations, the BEM is enforced through technical conditions for the downlink and uplink transmitters. Below is an example for the UL band, limited here to Terminal Equipment:

[image: image1.emf]
From coexistence perspective, the interference issue would be agnostic to the direction of the traffic (e.g., towards eNB or towards UE), rather depending on actual RF characteristics of the transmission. Via suitable regulatory works, if BEM concept is expanded to radio transmitter which also includes fixed base station, some possibility of flexible duplex operation based on Approach 1 and/or 2 can be considered from the regulatory aspect. 

Observation 3: Though that European regulation may indicate that FDD UL spectrum is used by UE for transmission, some possible approaches of amendments on regulations can be further considered to allow flexible duplex operations.
4 Conclusions
From the initial regulation study for study on regulatory aspects for flexible duplex for E-UTRAN, following observations can be made.
Observation 1: Based on some initial findings on Korean/Japan regulations, it seems that Alternative 2 can be considered for flexible duplex operations at least from the transmitter perspective.
Observation 2: Flexible duplex scheme based on both alternatives would be possible at least in some frequency bands in US. Examples of such bands include US 700MHz bands, 2305-2315 MHz and 2350–2360 MHz, and the band of 1710–1755 MHz and 2110–2155 MHz.
Observation 3: Though that European regulation may indicate that FDD UL spectrum is used by UE for transmission, some possible approaches of amendments on regulations can be further considered to allow flexible duplex operations.
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