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Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
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1	Scope

The present document is a technical report for the work item of the US 2.4 GHz TDD Band for LTE.

[bookmark: _Toc494742502]
2	References

[1]	  		3GPP TR 21.905 “Vocabulary for 3GPP Specifications.”

[2]	Terrestrial Use of the 2473[2483.5]-2495 MHz Band for Low-Power Mobile Broadband Networks; Amendments to Rules for the Ancillary Terrestrial Component of Mobile Satellite Service Systems, IB Docket No. 13-213, Report and Order, FCC 16-181

[3]	47 CFR Part 15.247.  “Operation within the bands 902-928 MHz, 2400-2483.5 MHz, and 5725-5850 MHz.”
[4]	Satellite Communications, Title 47, Part 25 of e-CFR, https://www.law.cornell.edu/cfr/text/47/part-25
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3	Definitions, symbols and abbreviations
[bookmark: _Toc494742504]3.1	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

ATC	Ancillary Terrestrial Component
BAS	Broadcast Auxiliary Service
BRS	Broadband Radio Service
BS	Base Station
DL	Downlink
CFR		Code of Federal Regulation
EBS	Educational Broadband Service
EIRP	Effective Isotropic Radiated Power
E-UTRA	Evolved UTRA
FCC	Federal Communications Commission
FDD	Frequency Division Duplex
                LTE	Long Term Evolution
MSS	Mobile Satellite Service
NOS	Network Operating System
RF	Radio Frequency
RX	Receiver
TDD	Time Division Duplex
TX	Transmitter
UE	User Equipment
[bookmark: _Toc459205399][bookmark: _Toc494742507]US	United States


4	Background
[bookmark: _Toc494742508]4.1	Justification
The FCC has recently adopted rules for terrestrial use of the 2.4 GHz MSS band [2].  This band is authorized for TDD operation and spans 11.5 MHz from 2483.5 MHz to 2495 MHz.  

[image: ]
· Figure 4-1:  US 2.4 GHz Terrestrial Band 

FCC rules permit low-power terrestrial services that may be deployed independently of a satellite service and without conventional population coverage or other substantial service requirements.  This regulatory treatment and the physical propagation characteristics associated with these wavelengths bias the band towards small cell applications.  
To facilitate 2.4 GHz LTE ecosystem development, RAN has approved a work item to standardize a new E-UTRA operating band based upon the 11.5 MHz terrestrial band authorized by the FCC (see RP-181419).

[bookmark: _Toc494742509]4.2	Objectives
The work item consists of two parts.
Part 1 is the study phase of the WI, which is intended to define and the impact of operations from 2483.5 MHz to 2495 MHz on unlicensed Bluetooth and 802.11 operations in the ISM band. The core objectives of the study phase of the WI are:
· Define impact on 2.4 GHz Bluetooth operations.

· Define impact on 2.4 GHz 802.11 operation.

· Address potential Bluetooth and 802.11 coexistence issues.


Part 2 is the working phase of the WI, which is intended to complete the remainder of the work item.  The core objectives of the working phase of the WI are:

· Standardization of new TDD E-UTRA band spanning 2483.5 MHz to 2495 MHz (compliant with FCC 16-181, including power, out of band emissions limits, and interference protection rules).
· Specify band numbering and RF characteristics of the new band. 
· Address potential BS and UE coexistence issues. 
· Update the related E-UTRA technical specifications to include support for the new band.
[bookmark: _Toc494742510]
























Part 1 
Part 1 is the study phase of the WI, which is intended to define and the impact of operations from 2483.5 MHz to 2495 MHz on unlicensed Bluetooth and 802.11 operations in the ISM band.
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5	Frequency Band Arrangement and Regulatory Background
5.1	Frequency band arrangement and channel bandwidths
5.1.1	Frequency band arrangement 
The proposed band plan for the E-UTRA 2.4 GHz TDD Band for US (2.4 GHz Terrestrial Band) is presented below.  As shown in Table 5.1.1-1, the TDD configuration of the band places BS receive / UE transmit and BS transmit / UE receive on the same frequencies.  Channels may be placed from 2483.5 MHz to 2495 MHz.

Table 5.1.1-1: Operating band arrangement
	Uplink (UL) operating band BS receive
UE transmit
	Downlink (DL) operating band BS transmit
UE receive
	Duplex Mode

	FUL_low
	 –   FUL_high
	            FDL_low
	–
	    FDL_high
	

	        2483.5 MHz
	–
	2495 MHz
	     2483.5 MHz
	 –
	2495 MHz
	TDD




As shown in Figure 5.1.1-1, the US 2.4 GHz Terrestrial Band exists between the ISM band and BRS / EBS bands.  The ISM band terminates at 2483.5 MHz, with commonly used unlicensed services such as 802.11 Wi-Fi and Bluetooth terminating at 2473 MHz and 2480 MHz respectively.  BRS / EBS bands begin with the BRS-1 channel at 2496 MHz.  A 1 MHz guard band exists between the termination of the US 2.4 GHz Terrestrial Band at 2495 MHz and the beginning of the first BRS channel at 2496 MHz.
[image: ]
· Figure 5.1.1-1:  US 2.4 GHz Terrestrial Band and Adjacent Band Services

5.1.2	Channel bandwidths
The FCC authorized band spans 2483.5 MHz to 2495 MHz and the regulator has not divided the band into discrete channels or blocks.  As shown in Table 5.1.2-1, the 11.5 MHz allocation supports operating bandwidths up to 10 MHz. 
Table 5.1.2-1: Proposed operating bandwidths
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	
Yes

	
Yes

	
Yes

	Yes
	No
	No



5.2	Adjacent 3GPP Bands
5.2.1 		Introduction
Nearby 3GPP bands are summarized in Figure 5.2.1-1.  Band 7 and Band 38 are not used in the US regulatory domain, where the 2.4 GHz Terrestrial Band is currently authorized by the FCC.  However, Band 41 is commonly used in all areas of the US.
[image: ]

· Figure 5.2.1-1:  US 2.4 GHz Terrestrial Band and Adjacent 3GPP Bands

5.2.2 		Co-Existence Between 2.4 GHz and 3GPP Band 41
3GPP Band 41 is a TDD band, which spans 2496 MHz to 2690 MHz.  In the US, Band 41 operation is licensed through the Broadband Radio Service (BRS) and the Educational Broadband Service (EBS).  Figure 5.2.2-1 illustrates the 35 channel blocks that comprise the BRS / EBS services and their relationship with the 2.4 GHz Terrestrial Band.  The 5.5 MHz and 6 MHz channel blocks associated with BRS / EBS licenses are a vestige of educational television use of this spectrum.  While educational services still operate in the EBS channel blocks, Band 41 commercial LTE operations predominate across most of the US.  The 2.4 GHz Terrestrial Band spanning 2483.5 MHz to 2495 MHz is separated by a 1 MHz guard band from BRS-1, which is the lowest frequency channel block available for Band 41 operations.  
Co-existence between the proposed 2.4 GHz Terrestrial Band and Band 41 was a central consideration during the FCC rule making process.  These co-existence requirements were addressed with power limits, emissions limits, and the mandated integration of a Network Operating System (NOS) to administer use of the 2.4 GHz Terrestrial Band (see Section 5.4).  While not required by the regulator, Band 41 and 2.4 GHz Terrestrial Band operators may also rely upon TDD synchronization to resolve interference issues that may be experienced as a result of co-located base stations.
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· Figure 5.2.2-1:  US 2.4 GHz Terrestrial Band and Adjacent BRS / EBS Spectrum Comprising Band 41
5.2.3 		Co-Existence Between 2.4 GHz and 3GPP Bands 7 and 38
The proposed 2.4 GHz TDD band spanning 2483.5 MHz to 2495 MHz is adjacent to 3GPP Bands 7 and 38.  3GPP Band 7 is an FDD band, with uplink spanning 2500 MHz to 2570 MHz and downlink spanning 2620 MHz to 2690 MHz.  3GPP Band 38 is a TDD band spanning 2570 MHz to 2620 MHz.  
Currently, the proposed 2.4 GHz TDD band has terrestrial license authority only in the US.  Due to the presence of Band 41, neither Band 7 nor Band 38 is utilized in the US regulatory domain. 

5.3		Nearby non-3GPP Unlicensed Services
5.3.1 		Co-Existence Between 2.4 GHz and Part 15 Services
Title 47 of the CFR, Part 15 permits unlicensed operations from 2400 MHz to 2483.5 MHz [3].  The 2.4 GHz unlicensed band (commonly known as the ISM band) is especially notable for the heavy presence of 802.11 Wi-Fi and Bluetooth operations.  In the US, 802.11 channel 11 is the highest channel effectively permitted by Part 15 rules, terminating at approximately 2473 MHz.  Across all regulatory domains, Bluetooth channel 39 is the highest, terminating at approximately 2480 MHz.  Figure 5.3.1-1 illustrates the relationship between the 2.4 GHz Terrestrial Band and adjacent non-3GPP unlicensed services in the ISM band.
[image: ]
· Figure 5.3.1-1:  US 2.4 GHz Terrestrial Band and Adjacent Unlicensed Band

5.4		FCC Regulatory Requirements 
5.4.1 		Introduction
Licensed wireless communications services in the 2.4 GHz band are governed by Part 25 of Title 47 of the Code of Federal Regulations [4].  
5.4.2		Frequency Limits
Frequency limits for the 2.4 GHz band are governed by Title 47 of the CFR, Part 25.149.  Terrestrial operation is limited to the licensed band from 2483.5 MHz to 2495 MHz.  Bonding or aggregation with unlicensed services below 2483.5 MHz is prohibited by Title 47 of the CFR, Parts 15.205, 15.209, 15.247 and 15.249.  
5.4.3		Power Limits
Power limits for the 2.4 GHz band are governed by Title 47 of the CFR, Part 25.149(c)(4)(i)-(iv).  These power limits are identical to those found in Part 15 for unlicensed services authorized from 2400 MHz to 2483.5 MHz and they do not distinguish between base station and user equipment.  The relevant rules for operational equipment are listed below:
(4) Applications for equipment authorization of terrestrial low-power system equipment that will operate in the 2483.5-2495 MHz band shall demonstrate the following:
(i)	The transmitted signal is digitally modulated;
(ii)	The 6 dB bandwidth is at least 500 kHz;
(iii) 	The maximum transmit power is no more than 1 W with a peak EIRP of no more than 6 dBW;
(iv) 	The maximum power spectral density conducted to the antenna is not greater than 8 dBm in any 3 kHz band during any time interval of continuous transmission;
5.4.4		Emissions Limits
Emissions limits for the 2.4 GHz Terrestrial Band are governed by Title 47 of the CFR, Part 25.149(c)(4)(v)-(vii).  Figure 6.4.4-1 is a graphical summary of emissions limits for the 2.4 GHz Terrestrial Band, assuming a 10 MHz emission bandwidth.  The relevant rules for operational equipment are listed below:
(v) Emissions below 2483.5 MHz are attenuated below the transmitter power (P) measured in watts by a factor of at least 40 + 10 log (P) dB at the channel edge at 2483.5 MHz, 43 + 10 log (P) dB at 5 MHz from the channel edge, and 55 + 10 log (P) dB at X MHz from the channel edge where X is the greater of 6 MHz or the actual emission bandwidth.
(vi) Emissions above 2495 MHz are attenuated below the transmitter power (P) measured in watts by a factor of at least 43 + 10 log (P) dB on all frequencies between the channel edge at 2495 MHz and X MHz from this channel edge and 55 + 10 log (P) dB on all frequencies more than X MHz from this channel edge, where X is the greater of 6 MHz or the actual emission bandwidth;
(vii) Compliance with these rules is based on the use of measurement instrumentation employing a resolution bandwidth of 1 MHz or greater.  However, in the 1 MHz bands immediately above and adjacent to the 2495 MHz a resolution bandwidth of at least 1 percent of the emission bandwidth of the fundamental emission of the transmitter may be employed.  If 1 percent of the emission bandwidth of the fundamental emission is less than 1 MHz, the power measured must be integrated over the required measurement bandwidth of 1 MHz.  A resolution bandwidth narrower than 1 MHz is permitted to improve measurement accuracy, provided the measured power is integrated over the full required measurement bandwidth (i.e., 1 MHz).  The emission bandwidth of the fundamental emission of a transmitter is defined as the width of the signal between two points, one below the carrier center frequency and one above the carrier center frequency, outside of which all emissions are attenuated at least 26 dB below the transmitter power.  When an emission outside of the authorized bandwidth causes harmful interference, the Commission may, at its discretion, require greater attenuation than specified in this section;
[image: ]

· Figure 5.4.4-1:  US 2.4 GHz Terrestrial Band Emissions Limits (10 MHz Emission BW)
5.4.5 		Network Operating System
Special requirements for control of the 2.4 GHz band are governed by Title 47 of the CFR, Part 25.149(g)(2).  The relevant rules are listed below:
(2) An ATC licensee seeking to modify its license to add authority to operate a terrestrial low-power network shall certify in its modification application that its operations will utilize a Network Operating System (NOS), consisting of a network management system located at an operations center or centers.  The NOS shall have the technical capability to address and resolve interference issues related to the licensee’s network operations by (a) reducing operational power; (b) adjusting operational frequencies; (c) shutting off operations; or (d) any other appropriate means.  The NOS shall also have the ability to resolve interference from the terrestrial low-power network to the licensee’s MSS operations and to authorize access points to the network, which in turn may authorize access to the network by end-user devices.  The NOS operations center shall have a point of contact in the United States available 24 hours a day, seven days a week, with a phone number and address made publicly-available by the licensee.

6	Special Co-Existence Considerations for Unlicensed Operations in the 2.4 GHz ISM Band
6.1	Introduction
While Part 15 services in the 2.4 GHz band are not entitled to interference protection under FCC rules [4], unlicensed 2.4 GHz applications like 802.11 Wi-Fi and Bluetooth are of special significance.  This section outlines the regulatory history and technical basis for co-existence between the US E-UTRA 2.4 GHz TDD Band and non-3GPP unlicensed operation in the 2.4 GHz ISM Band.
6.2	2.4 GHz Terrestrial Band Plan Evolution
The Globalstar satellite network operates in a downlink configuration from 2483.5 MHz to 2500 MHz.  Following the establishment of the ATC regulatory construct, 2483.5 MHz to 2495 MHz became available for terrestrial allocation.  The satellite downlink band from 2496 MHz to 2500 MHz was already allocated for terrestrial use as a portion of the high power BRS-1 service, which is now integrated into 3GPP Band 41.
More details concerning the FCC ruling on this specific band could be found in [3].
6.3	Ratified 2.4 GHz Terrestrial Band Relative to Common Unlicensed Applications
6.3.1	2.4 GHz Terrestrial Band Relative to Entire Unlicensed Band in the United States
This band is dedicated only for US usage. From regulatory perspective, FCC approved this band after balancing the needs of coexistent WLAN and BT access technologies in the ISM band.  More details could be found in [3].
For informative purposes, Figure 6.3.1-1 depicts a spectrogram taken between 2400 MHz and 2483.5 MHz in Boston, which reflects some of the challenges related to deploying this band in US band.  Overlaid atop the spectrogram are available 802.11 and Bluetooth channel configurations.  As expected, the three channel 802.11 system predominates, with significant activity on Channels 1, 6, and 11.  Intermediate (overlapping) 802.11 channel use and microwave oven activity contribute to a generally high noise and interference floor.  In this example, all three Bluetooth advertising channels are clearly evident.  
[image: ]
· Figure 6.3.1-1:  Informative Spectrogram of 2.4 GHz Band Spanning 2400 MHz to 2495 MHz (Boston, US)



6.3.2	2.4 GHz Terrestrial Band Relative to Unlicensed Band in the Rest of World (RoW)
It should be noted that the band plan and configuration of theis2.4 GHz Terrestrial Band is currently specific to the US. The US band many not be deployable outside of the US, due to regulatory restrictions concerning the ISM band, outside US.
6.4	FCC Specifications for the 2483.5-2495 LTE Band
6.4.3	Special Emissions and Operations Rules to Protect Unlicensed Band
Conventional Part 15 unlicensed operations in the 2400 MHz to 2483.5 MHz band are subject to the conditions that no harmful interference is caused, and that interference must be accepted that may be caused by the operation of an authorized radio station.  The operator of a Part 15 unlicensed radio frequency device is required to cease operating the device upon notification by an FCC representative that the device is causing harmful interference.  Radiated out of band emissions from Part 15 unlicensed operation across 2400 to 2483.5 are limited to 500 microvolts/meter at a measurement distance of 3 meters.
In authorizing the 2.4 GHz Terrestrial Band, FCC regulations were adapted to ensure co-existence between licensed services in the band above 2483.5 MHz and unlicensed services in the band below 2483.5 MHz.  To protect the coexistent Wi-Fi and Bluetooth services, special operating rules and conditions were integrated into Part 27 rules.  Summaries of key protective rules are listed below.
(A) Frequency Limits:  Commercial operations are limited solely to licensed spectrum above 2483.5 MHz, and Part 25 licensed spectrum above 2483.5 MHz may not be bonded with Part 15 unlicensed spectrum below 2483.5 MHz.

(B) Power Limits:  Power limits are identical to those in the unlicensed band with maximum permitted conducted power of 1 W (30 dBm) and EIRP of 6 dBW (36 dBm).

(C) Emissions Limits:  For a 10 MHz channel (maximum effective channel width), emissions at must be attenuated by a factor of 40 + 10 log (P) dB (-10 dBm) at 2483.5, by a factor of 43 + 10 log (P) dB (-13 dBm) at 2478.5 MHz, and 55 + 10 log (P) dB at 2473.5 MHz (-25 dBm).
 
(D) Network Operating System:  Operations must be under the control of a Network Operating System (NOS).  The NOS will have the ability to resolve interference issues related to commercial operations of the 2.4 GHz licensed service.

6.4.4	Frequency Limits and Prohibition Against Bonding and Aggregation below 2483.5 MHz
Frequency limits for the 2.4 GHz band are governed by Title 47 of the CFR, Part 25.149.  Terrestrial operation is limited to the licensed band from 2483.5 MHz to 2495 MHz.  Bonding or aggregation with unlicensed services below 2483.5 MHz is prohibited by Title 47 of the CFR, Parts 15.205, 15.209, 15.247 and 15.249.  
This limitation of operational frequency is further clarified by FCC Report and Order 16-181, Paragraph 32.

6.4.5	Power Limits for Operations Between 2483.5 MHz and 2495 MHz that Equal Levels for Part 15 Services Below 2483.5 MHz
Power limits for the 2.4 GHz Terrestrial Band are governed by Title 47 of the CFR, Part 25.149(c)(4)(i)-(iv).  These power limits are identical to those found in Part 15 for unlicensed services authorized from 2400 MHz to 2483.5 MHz and they do not distinguish between base station and user equipment.  
Power limits for the 2.4 GHz Terrestrial Band were justified in FCC Report and Order 16-181, Paragraph 22.

6.4.6	Emissions Limits Below 2483.5 MHz for Unlicensed Band Protection
Emissions limits for the 2.4 GHz Terrestrial Band are governed by Title 47 of the CFR, Part 25.149(c)(4)(v)-(vii).  Figure 6.4.6-1 is a graphical summary of emissions limits for the 2.4 GHz Terrestrial Band, assuming a 10 MHz emission bandwidth.  OOBE limits to protect unlicensed operations below 2483.5 MHz are justified by FCC Report and Order 16-181, Paragraphs 28-30.

[image: ]
· Figure 6.4.6-1:  FCC Mandated Emissions Limits for ISM Protection (RBW=1MHz).

6.4.7	Mandatory Deployment of Network Operating System
Special requirements for continuous centralized control of the 2.4 GHz band are governed by Title 47 of the CFR, Part 25.149(g)(2).  These provisions provide a unique mechanism for identification and resolutions of environmental interference issues associated with the 2.4 GHz Terrestrial Band.

6.5	Co-Existence Evaluation for 10 MHz LTE Emission within FCC Ratified Band Plan (2483.5 MHz to 2945 MHz)
6.5.1	UE Worst Case Emissions to ISM band
For uplink transmissions, the unwanted emissions that leak to the ISM band were simulated using RAN4 minimum RF performance assumptions. The power amplifier was calibrated so that after 4 dB post-PA losses, 22 dBm fully populated QPSK signal is output at the antenna connector, with the emissions profile just meeting 30 dB E-UTRA ACLR requirement. The model is based on measured data from an LTE PA, related to a 23 dBm UE. No filter selectivity has been assumed in order to evaluate the close-in emission margins to the regulatory limits. The carrier frequency is placed at the highest position within the band.

[image: ]
· Figure 6.5.1-1:  Worst Case UE TX Leakage to ISM Band (Globalstar plot is the FCC mask).

Editorial Notes: 
· 2483.5-2493.5 simulation to be added. Conclude that the higher allocation in the band alleviates slightly the impact upon coexistent access technologies.
· There is a slighter lower RF conducted power level due to the calibration and mismatches concerning the RF front-end.

It can be seen that the FCC emission mask is more relaxed than the LTE SEM, guaranteeing that the FCC limits are met. Also, the general spurious emission limit of -30 dBm/MHz is tighter than the FCC requirement on the ISM band, meaning that UEs have no trouble meeting the limits regardless of whether the general spurious limit applies.
To further improve the coexistence with ISM band services, a conservative emissions case assuming a TDD band filter have been studied. The assumptions for the filter design are as follows:
· Synchronization with Band 41 networks is assumed. This allows a relaxed response on the upper side of the band, and the lower side may be designed with a steep edge. Note that the LTE SEM should be sufficient to 
meet the FCC unwanted emission limits above the band, without assuming any filter selectivity.

· Filter passband is 2485-2495 MHz, i.e. the transition band starts already inside the 2.4 GHz Terrestrial Band.

· Two different filter topologies have been considered. Both are based on publicly available data sheets for 2.4 GHz (ISM) and 2.3 and 2.5 GHz (LTE) acoustic wave filters, usually referenced by RAN4.

· The first filter achieves 11 dB min., 13 dB typical attenuation at 12 MHz offset from the passband edge, with max. 3 dB insertion loss.

· The second filter achieves 20 dB min., 29 dB typical attenuation at 18.5 MHz offset from the passband edge, with max. 2.5 dB insertion loss.

· Additional insertion loss is added due to RF Front end’s switches and mismatch losses amounting to a total of 4 dB on the RF passband filter.

[bookmark: _Toc494742512]The emission profiles are shown in Figure 6.5.1-2.
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· Figure 6.5.1-2:  Worst Case UE TX Leakage to ISM Band Including Band Filter Minimum Response. The blue curves represent the baseline front end response without any pass band RF filter. 

6.5.2	UE Typical Emissions to ISM Band
The previous section detailed worst case unwanted emissions at the RAN4 minimum RF performance level, which is not a typical design target for any equipment. The worst case conditions may occur across extreme temperature and operating conditions (e.g. voltage) and manufacturing tolerances, and the UE must still meet the regulatory requirements at these corners.
· Normally, e.g. 3-5 dB margin is targeted for ACLR in typical testing conditions, which indicates e.g. 5-7 dB improvement in the alternate adjacent channel (where 5th order intermodulation dominates the spectrum). This directly reduces the PA and antenna output unwanted emissions on the ISM band by a similar amount, depending on the offset from the channel edge.

· The band filter typical performance at the stopband edge depends heavily on temperature (due to frequency drift) and manufacturing tolerances. Across the stopband, it is normal to see 15-20 dB differences in the minimum vs. typical attenuation. Again, in typical conditions and across UE samples, the ISM band unwanted emissions will be lower than in the simulations shown above.

When fewer than the maximum amount of resource blocks are scheduled for a UE, the transmission bandwidth is narrower, and also the PA spectral regrowth does not reach as far as when transmitting full resource allocation. The emissions vs. resource allocation size was simulated, assuming minimum RF performance and Topology 1 filter (min. response, not typical). The results are shown in Figure 6.5.2-1 for QPSK modulation. In all cases, the transmit output power was set at maximum, i.e. 22 or 23 dBm depending on the allowed MPR.
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· Figure 6.5.2-1:  Worst case UE TX leakage to ISM band including band filter minimum response

A conservative emissions case on Wi-Fi channel 11 (integrated over 2452-2472 MHz) spans from below -65 dBm/20MHz to below -40 dBm/20MHz, with only the largest uplink allocations creating emissions reaching towards -35 dBm/20MHz. Regarding emissions to the Bluetooth advertising channel at 2480 MHz, most of the worst case emissions are below -40 to -35 dBm/MHz, and in some rare cases the emissions may reach up to -20 or even -16 dBm/MHz. Modulation indexes 16-QAM and above will in practice show slightly lower emission profile.
Editorial Notes
· The edge PRB cases would require further analysis on how the impact upon WIFI and BT could be mitigated. This desensitizes the surrounding STAs and BT clients by degrading the RX SINR of the surrounding STAs and BT clients.

LTE also uses UL closed loop power control. In tbe cases when a UE doesn’t operate on cell edge conditions, it may not operate at maximum power. The unwanted emissions of practical UE transmitters would get reduced on average by at least 1:1 in dB scale, when the output power is lowered from maximum. To estimate this effect, a system simulation was performed, using Urban Macro and Urban Micro TD-LTE scenarios, and the cumulative distribution functions of the resulting output power is shown in figure 6.5.2-2. Since not all the assumptions behind the UL Total TX power, presented below, are not available, this simulation is considered informative.
[image: ]

· Figure 6.5.2-2:  Informative System Simulation of Total UL TX Power CDF in Urban Macro and Micro Scenarios.

The informative simulation results indicate that 50% of the UE transmissions occur at power levels below about 2-3 dBm in Urban Micro deployment. In indoor or small cell environments, typical transmit powers could be even lower. This presents a significant reduction in the leakage power towards the ISM band, compared to a conservative case figures shown above.
Concerning the typical emissions leaking to the ISM band we can summarize:
· Worst case emissions with full UL allocation: -35 dBm/20MHz (Wi-Fi ch#11), -20 dBm/MHz (BT 2480 MHz)

· Effect of PA operation point: -5 to -7 dB (Wi-Fi ch#11), -3 to -5 dB (BT 2480 MHz)

· Effect of filter typical vs. minimum performance: -2 to -5 dB (Wi-Fi ch#11), 0 dB (BT 2480 MHz)

· Effect of typical UL resource allocation (conservative estimates): 0 to -20 dB (Wi-Fi ch#11), 0 to -5 dB (BT 2480 MHz)

· Effect of typical UL TX power (90th and 50th percentiles, conservative 1:1 estimate on emissions): -12 to -20 dB (both Wi-Fi and BT)

· Typical emissions in the order of: -54 to -87 dBm/20MHz (Wi-Fi ch#11), -31 to -50 dBm/MHz (BT 2480 MHz)


Editorial note: these conclusions to be further reviewed
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