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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.

1
Scope

This clause shall start on a new page.

The present document …

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[iDEN]
R4-093902, “Liaison Statement in support of a UMTS/LTE band for 806-824/851-869Mhz (Source: Internation iDEN Operator's Forum, To: RAN 4, Cc: )”, International iDEN Operator’s Forum

[B5DPX]
AEI by Dempa Publications, September 2008.

[90.210]
FCC rules Section 90.210(g): http://www.hallikainen.com/FccRules/2010/90/210/
[90.691]
FCC rules Section 90.691:http://www.hallikainen.com/FccRules/2010/90/691/
[RSS-11910]
RSS-119 Issue 10, April 2010 “Land Mobile and Fixed Radio Transmitters and Receivers Operating in the Frequency Range 27.41-960 MHz”, Industry Canada
3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [x].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Background

<text will be added>
4.1
Task description

<text will be added>
5
Frequency band arrangements
5.1
Regulatory framework for bands in the range and their use
<text will be added>

5.1.1
The allocation in the Radio Regulations

The starting point is the Radio Regulations according to which the band 806-849/851-894 MHz is part of 790-960 MHz allocated to the MOBILE SERVICE on a primary basis subject to footnotes 5.316 in 790-862 and 5.317A (reproduced below) above 862 MHz. 

5.317A
Administrations wishing to implement International Mobile Telecommunications (IMT-2000) may use parts of the band 806-960 MHz which are allocated to the mobile service on a primary basis or planned to be used for mobile systems (see Resolution 224 (WRC-2000)). This indentification does not preclude the use of these bands by any application of the service to which they are allocated and does not establish priority in the Radio Regulations.

5.1.2
Use of the additional spectrum in various regions
5.1.2.1
Region 1

5.1.2.2
Region 2
With the exception of the Southeastern United States and possibly border regions, the allocation in the United States after re-banding is shown in Figure 5.1.2.2-X. The upper frequencies in the 800 MHz range are mobile or control-station transmit frequencies, the lower frequencies for base-station transmit frequencies. For the 700 MHz band it is the converse (swapped band). 


[image: image3]
Figure 5.1.2.2-X: band plan for many areas of the United States.
In the Southeastern United States, the FCC’s Re-banding Order expanded the ESMR band to accommodate both Sprint Nextel’s and SouthernLINC Wireless’ iDEN networks.  The allocation in the Southeastern United States after re-banding is shown in Figure 5.1.2.2-Y. 


[image: image4]
Figure 5.1.2.2-Y: band plan for the Southeastern United States.
Numerous public safety radio systems (such as those used by police, firefighters and emergency medical technicians) operate at 806-824 MHz/851-869 MHz in the United States. A number of private mobile radio systems also operate in the 800 MHz band; many utility companies use the band for internal communications for example. The band is also home to Specialized Mobile Radio (SMR) systems that provide commercial mobile service to businesses and the public, and can also be used for UTRA or E-UTRA. ESMR operators occupy upper band segment, adjacent to the cellular band (Band 5). Public safety and other high-site systems occupy lower band segment, adjacent to the 700 MHz public safety.
Figure 5.1.2.2-Z shows the general band plan for iDEN in South America. Other regions may have slightly different band plans. As we can see from the figure, there are different types of RF networks operating in adjacent spectrum blocks, which may result in additional RF requirements.


[image: image5]
Figure 5.1.2.2-Z: Generic iDEN band plan in South America.
5.1.2.3
Region 3

The 850MHz frequency allocation in China is illustrated in Figure 5.1.2.3-X.
· 825-835/870-880MHz for CDMA

· 885-915/930-960MHz for GSM
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Figure 5.1.2.3-X 850MHz frequency allocation in China
Since the guard band between CDMA downlink and GSM uplink is only 5MHz in China, the CDMA base station transmitter will cause interference to GSM900 base station receiver in the same geographical area. The extending of 850MHz will further increase the coexistence inference. Furthermore, current extension band plan assumption of 806-849/851-894 MHz is overlapping with existing GSM900 frequency band in China. Therefore, the extension of 850MHz band is not applicable for China. 
5.2
Possible duplexer arrangements
5.2.1
Split duplexer arrangement

5.2.1.1
UE aspects
The entire band 806-849/851-894 MHz is not possible to cover using a single duplexer in the UE using any available technology: the duplex gap is only 2 MHz. The option is then to use a split-duplexer arrangement using two duplexers each covering a sub-part of the band. Figure 5.2.1 shows the general concept of splitting of the band with a possible overlap between the sub-bands.


[image: image7]
Figure 5.2.1.1: split-band arrangement for 806-849/851-894 MHz (blue part the entire band under study).

 An example of a UE implementation of the arrangement is shown in Figure 5.2.1.2 (note that this is only one possible implementation), two switches “S” are typically needed for sufficient overall duplexer performance. Each duplexer filter pair covers a sub-band in Figure 5.2.1.1.


[image: image8]
Figure 5.2.1.2: a possible split-duplexer architecture in the UE.

<more text will be added>

5.2.1.1
BS aspects
<text will be added>
5.2.2
Sub-band arrangement
In the LS [iDEN] The International iDEN Operator’s Forum requests that one of the sub-bands be 806-824/851-869 MHz recognizing that the entire band cannot be covered by a single duplexer. This group of operators is interested in deploying UMTS or LTE in the aforementioned sub-band. Furthermore, Band 5 could be extended by 10 MHz with a view to cover Band 5, 6, 18 and 19 in a single duplexer to harmonize existing bands and to increase the amount of available spectrum in certain regions:


[image: image9]
Figure 5.2.2.1: extension of the general 850 MHz band (E850).
These two proposals would suggest choosing FU_1 = 814 MHz, FU_2 = 824 MHz, FD_1 = 859 MHz and FD_2 = 869 MHz in Figure 5.2.2.1, see Figure 5.2.2.2. 

[image: image10]
Figure 5.2.2.2: option with extended Band 5.

Some of the iDEN operators have spectrum which falls completely within the consolidated band (814-849/859-894) that has been proposed by Sprint and others.  There are also many iDEN operators whose spectrum extends below 814/859 MHz that would benefit from a band that covers the full SMR spectrum.  In support of the activity for the extended 850 band Study Item, NII polled the iDEN operators to see which operators were using spectrum above 814/859 MHz, and which operators were using spectrum below that.  The purpose was to determine the level of support for a band or sub-band covering the full SMR spectrum of 806-824/851-869 MHz. The following is a list of iDEN operators and where their spectrum lies within the SMR band.  This is not a comprehensive list of all iDEN operators.

814-849/859-894 MHz
Sprint Nextel (USA)

IConnect (Guam)

MIRS (Israel) after rebanding

806-824/851-869 MHz
Airtel Wireless (Canada)

Avantel (Colombia) 

IConnect (Hong Kong)

GRID Communications (Singapore)

KTP (South Korea)

MIRS (Israel) before rebanding

Nextel Argentina

Nextel Brazil

Nextel Chile

Nextel Mexico

Nextel Peru

PTC (Saudi Arabia)

Red (El Salvador)

Red (Guatemala)

SouthernLINC (USA) 813.5+/858.5+

TELUS (Canada)

One thing to note is that although SouthernLINC’s spectrum extends .5 MHz below 814/859 MHz, Depending on the required guard band, their spectrum that is usable for 3GPP technologies may be limited to above 814/859 MHz making them compatible with the consolidated band.  This issue will require further study.  

It is also worth noting that LTE may or may not be allowed in this band in all of these countries and inclusion in this list does not imply that existing regulations will allow deployment of LTE in the band.  

As shown above, there are at least 16 iDEN operators in 15 different countries that could potentially benefit from a 3GPP LTE band that covers the full SMR spectrum of 806-824/851-869 MHz.  

5.2.3
UE duplexer filter characteristics for proposed sub-bands

The duplexer characteristics of the band are important for assessment of specific UE requirements like spurious emission and reference sensitivity as well as co-existence with other technologies. Provisional duplexer performance is given for different filter technologies: SAW that is a common technology for high-volume products and has good performance below 2.5 GHz, and FBAR/BAW that is becoming available but is more expensive. 

[Results below used for both UTRA and E-UTRA]

5.2.3.1
The range 806-[824]/851-[869] MHz

<text will be added>
5.2.3.2
The range 814-849/859-894MHz
5.2.3.2.1
Filter characteristics for SAW technology and comparison to Band 5

Insertion loss for TX and RX 
[TX-ant]

Provisional results for the attenuation from TX to antenna are shown in Figure 5.2.3.2.1.X. The red curve displays the expected performance for the new band (the blue curve frequency-shifted Band 8 filter). The green lines denote the expected specified performance accounting for temperature variations -20 C to +85 C, i.e. larger than the temperature range at ETC.


[image: image11]
Figure 5.2.3.2.1.X: attenuation from TX to antenna port, results with 1 dB/div and 10 dB/div.

[RX-ant]

The corresponding provisional results for the attenuation from RX to antenna are shown in Figure 5.2.3.2.1.Y.


[image: image12]
Figure 5.2.3.2.1.Y: attenuation from RX to antenna port, results with 1 dB/div and 10 dB/div.

[Comparison to Band5]

Results for a commercially available Band 5 duplexer are given in Figure 5.2.3.2.1.Z for comparison [B5DPX].
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Figure 5.2.3.2.1.Z: insertion loss and stop band rejection for a Band 5 SAW duplexer.

We observe that

· there is no significant difference in typical insertion loss according to 5.2.3.2.1.X and 5.2.3.2.1.Z for operation in the Band 5 frequency range at ambient temperature;

· there is no significant difference for Band 19 implemented with a Band 5 duplexer;

· the influence of temperature variation (across -20 C to +85 C) is smaller for the Band 5 duplexer, the pass-band of which is narrower;

· the specified performance accounting for temperature and batch variation better for Band 5 duplexer.
Tx-Rx isolation

Provisional results for the isolation from TX to RX are shown in Figure 5.2.3.2.1.ZZ. The green lines denote the expected specified performance accounting for temperature variations -20 C to +85 C, i.e. larger than the temperature range at ETC.

[image: image14]
Figure 5.2.3.2.1.ZZ: TX to RX isolation, results 1 dB/div and 10 dB/div.

The isolation characteristics for a commercially available Band 5 duplexer are given in Figure 5.2.3.2.1.ZZZ for comparison [B5DPX].
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Figure 5.2.3.2.1.ZZZ: isolation for a Band 5 SAW duplexer.

We observe 

· a similar if not slightly lower isolation at RX for 5.2.3.2.1.ZZ compared to the provisional results in 5.2.3.2.1.ZZZ for operation in the Band 5 range at ambient temperature.

[The specified performance for isolation at RX for the range 814-849/859-894 MHz should be comparable to Band 8 performance.]

5.2.3.2.2
Filter characteristics for FBAR/BAW technology

<text will be added>
< section containing wideband simulation results if needed>

5.2.3.2.3
Possible specification and comparison with other bands in the range

Provisional specifications over a temperature range -20 C to +85 C are given in 5.2.3.2.3-1, a larger range than that for ETC.
Table 5.2.3.2.3-1: estimated insertion loss and isolation (specified)

	Frequency range 
	UL(Tx) IL
[dB]
	DL (Rx) IL
[dB]
	UL (Tx) Iso

[dB]
	DL (Rx) Iso

[dB]

	
	Vendor 1 (SAW)

	814-849/859-894 MHz
	3.0
	3.5
	50
	42

	Band V/5
	1.8
	1.8
	54
	45

	Band VIII/8
	3.0
	3.0
	50
	42

	
	Vendor 2 (SAW)

	814-849/859-894 MHz
	4.5
	5.0
	50
	45

	Band V/5
	1.9
	2.2
	57
	49

	Band VIIII/8
	2.7*
	3.5
	55
	48

	
	Vendor 3 (SAW)

	814-849/859-894 MHz
	3.5
	4.0
	50
	42

	Band V/5
	2.5
	2.2
	52
	48

	Band VIIII/8
	3.7
	3.5
	53
	46

	
	Vendor 4 (SAW)

	814-849/859-894 MHz
	2.9 (CW)
	3.5 (CW)
	50
	46

	Band V/5
	2.0 (CW)
	2.2 (CW)
	52
	48

	Band VIIII/8
	3.0 (CW)
	3.5 (CW)
	50 
	42

	
	Vendor 5 [BAW/FBAR]

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Note that some of the duplexer specifications provided by the vendors (as indicated by the asterisk) are valid for a slightly reduced frequency range.
5.3
Specific deployments aspects 
<will also address coexistence with other services, e.g. public safety in the US, and technical means to coexist>
5.3.1
Region 1
5.3.2
Region 2

5.3.2.1
Emission requirements

While there might be different emission rules for different countries, we recommend the FCC Rules and Industry Canada rules for the iDEN band as an initial baseline for coexistence studies. The emissions mask requirements are found in the FCC rules under sections 90.210(g) [90.210] and 90.691 [90.691] and for Industry Canada under RSS-119 [RSS-11910] which is close to 90.210(g). These rules apply to both devices and BTSs.

90.210(g) is typically used for single carrier system and 90.691 for multi-carrier. 90.691 emission limits are as follows:
(a) Out-of-band emission requirement shall apply only to the “outer” channels included in an EA license and to spectrum adjacent to interior channels used by incumbent licensees. 

(1) For any frequency removed from the EA licensee's frequency block by up to and including 37.5 kHz, the power of any emission shall be attenuated below the transmitter power (P) in watts by at least 116 Log[10](f/6.1)  decibels or 50 + 10 Log[10](P) decibels or 80 decibels, whichever is the lesser attenuation, where f is the frequency removed from the center of the outer channel in the block in kilohertz and where f is greater than 12.5 kHz.

(2) For any frequency removed from the EA licensee's frequency block greater than 37.5 kHz, the power of any emission shall be attenuated below the transmitter power (P) in watts by at least 43 + 10Log[10](P) decibels or 80 decibels, whichever is the lesser attenuation, where f is the frequency removed from the center of the outer channel in the block in kilohertz and where f is greater than 37.5 kHz.

The measurement bandwidth is not defined in the FCC rules but RSS-119 does define the measurement bandwidth as 300 Hz at frequency offset less than 37.5 kHz from channel edge and 100 kHz for frequency offsets greater than 37.5 kHz.

Historically, 300 Hz for frequency offsets less than 37.5kHz and 100 kHz for frequency offsets greater than 37.5kHz have been used for narrow band product certification in that band. With the 1MHz guard band assumption, the emission requirement would be 100 kHz. Therefore, the emission limits that would apply would be -13dBm/100 kHz at a 1MHz offset from the edge of the channel bandwidth. 
5.3.3
Region 3
5.3.4
Requirements for UE(s) roaming into legacy bands in the 814-849/859-894 MHz range

Band 5 will extended by 10 MHz with a view to cover Band 5, 18 and 19 in a single duplexer to harmonize existing bands and to increase the amount of available spectrum in certain regions. A UE supporting the upper range of E850 band should be able to roam into these legacy bands and meet the Band 5, 18 and 19 minimum requirements. Handling of band support signaled in the UE capability with regard to regulatory requirements and potential modifications to some RF requirements for legacy bands supported by the wider E850 band have to be considered. These are not new problems: many UE(s) supporting the obsolete Band 6 are implemented by (wider) Band 5 duplexers. 

5.3.4.1
Handling of band support in UE radio capability signaling

<text to be added: how to allow an E850 UE in Bands 5, 18 and 19>

5.3.4.X
UE receiver requirements: out-of-band blocking

Next we consider required changes of the out-of-band blocking (OOBB) performance for UE(s) operating in legacy bands and equipped with the wider duplexer for 814-849/859-894 MHz (E850). 

The OOBB performance requirements apply for an unwanted CW interfering signal falling more than 15 MHz below or above the UE receive band at a blocker level of -44 dBm up to 60 MHz away from this (range 1). For the first 15 MHz below or above the UE receive band the in-band blocking applies: the in-band blocker level is the same -44 dBm for larger frequency offsets to the assigned channel but the interferer is a modulated interferer of up to 5 MHz bandwidth. The two interferer types will generate e.g. different cross-modulation spectra that can fall into the receive band. Normally the duplexer provides at least some rejection of the OOB CW blocker, except perhaps for the close-in interferer frequencies. 

First we consider the case of a E850 UE roaming into a Band 19 network: the OOB blocking requirements then apply below 860 MHz, see Figure 5.3.4.X-Y that shows the blocker interferer frequencies for range 1. Hence the CW blocker appears just inside the E850 receiver duplex filter (grey in the figure). However, the spectrum of the cross-modulation with the uplink signal would be mostly confined below the Band 19 passband, but it can be folded into it. The 5 MHz modulated in-band blocker just above 860 MHz would generate a cross-modulation spectrum of a different PSD that would fall into the Band 19 passband. It thus appears that 

· the Band 19 OOB blocking requirements would be met by a UE supporting E850,

but this needs to be confirmed quantitatively. 


[image: image16]
Figure 5.3.4.X-Y: out-of-band blocking range 1 for bands in the E850 range in relation to Band 19.

In a live network scenario, any OOB interferer below 860 MHz would most likely be of modulated type down at least to 815 MHz, the lower edge of the Band 18 uplink, except possibly for narrowband interferers in the Band 18/19 duplex gap. A Band 19 duplexer would not supply significant advantages over an E850 duplexer in terms of rejection: the latter must also provide sufficient attenuation of an own TX blocker in the Band 18/19 range, the only possible advantage of a Band 19 duplexer would be rejection of in-band interferers much stronger than -44 dBm in the lowest part of Band 18 

The same assertions can be made for an E850 UE roaming into a Band 5 network. For Band 5 there is an additional OOBB requirement for a -15 dBm unwanted CW blocker falling into the Band 5 transmit band (range 4, up to 824 MHz). However, the E850 transmit duplexer filter must provide a stop band rejection that matches a Band 5 filter for range 4. A similar blocking requirement could apply for the extended range 814-849 MHz.  

For an E850 UE operated in Band 5 in the United States, OOB interferers 15 MHz below the receive band originate from NPSPAC (Public Safety) systems allocated down to 851 MHz (see Figure 5.1.2.2-X). Suppression of high-power transmissions from these systems mounted in high control-station towers is provided by Band 5 duplexer, from Figure 5.2.3.2.1.Y we observe that the RX duplex filter of E850 would also provide significant rejection below 854 MHz, even if not the same as the Band 5 filter.

For OOB range 2 that applies for an unwanted -30 dBm CW interfering signal falling more than 60 MHz below or above the UE receive band, the Band 5 and E850 receive duplexer filters provide similar performance.

[It appears that the out-of-band blocking requirements of Bands 5, 18 and 19 can be met with an E850 duplexer.]

6
Study of UTRA requirements

<text will be added>
6.1
Band and channel arrangement

<text will be added>
6.2
Coexistence with other technologies

<text will be added>
6.3
Specific UE requirements

6.3.1
Transmitter characteristics

6.3.2
Receiver characteristics

6.3.2.1
Diversity characteristics

<text will be added>

6.3.2.2
Reference sensitivity
6.3.2.2.1
The sub-band 806-[824]/851-[869] MHz

<text will be added>
6.3.2.2.2
The sub-band 814-849/859-894 MHz

The anticipated requirement reference sensitivity is shown in Table 6.3.2.2.2-1 are TBD pending further study.
Table 6.3.2.2.2-1: Test parameters for reference sensitivity

	Operating Band
	Unit
	DPCH_Ec <REFSENS> 
	<REFÎor>

	V
	dBm/3.84 MHz
	-115
	-104.7

	VIII
	dBm/3.84 MHz
	-114
	-103.7

	814-849/859-894 MHz
	dBm/3.84 MHz
	TBD
	TBD


6.3.2.3
Maximum input level

<text will be added>
6.3.2.4
Adjacent Channel Selectivity (ACS)

<text will be added>
6.3.2.5 Blocking Characteristics

6.3.2.5.1 In-band blocking

Currently the in-band blocking requirement is the same for all band classes except for the special requirement for Band 17, which is due to the consideration of potential blocking scenarios from the adjacent MediaFLO and MediaFLO like mobile TV broadcasting signals from the Lower 700 MHz D and E blocks.  Since there are no similar interference issue near the E850 band under study; and the prior assessment that with the split duplexer approach the extended Band 5 UE duplexer can achieve similar performance as a Band 5 UE duplexer, the E850 in-band blocking requirement can be the same as the generic requirement for all bands except Band 17.
6.3.2.5.2 Out-of-band blocking

Currently the out-of-band blocking requirement is the same for all band classes except for the additional modulated interference signal requirement for the UE transmit frequency range for bands 2, 5, 12, and 17 which seems to be a requirement for Region 2 to address potential self-interference or UE-to-UE interference.  For E850 the same requirement would also apply.  This would also address the potential interference from other UEs in the sub-bands of E850, namely bands 5, 6, 18, and 19.  The split-duplexer implementation will either help to meet this requirement or have no bearing.  The E850 out-of-band blocking requirement can be the same as the generic requirement for all bands.  In addition the requirement for range 4 shall also apply.
6.3.2.5.3 Narrow band blocking

Currently the narrow band blocking requirement is the same for all band classes with an offset of ~200 kHz from the edge of channel.  Since the requirement is not related to RF band or filters, the E850 narrow band blocking requirement should be the same as the generic requirement for all bands.
6.4
BS specific requirements
<text will be added>
7
Study of E-UTRA requirements

<text will be added>
7.1
Band and channel arrangement

<text will be added>
7.2
Coexistence with other technologies
7.2.1
The range 806-824/851-869 MHz

This section addressed some of the potential coexistence issues that could occur depending on the markets.
7.2.1.1
LTE vs. Public Safety

Public Safety typically uses lower number of and higher towers than a LTE system. In addition, Public Safety operators typically design their networks to operate down to the noise floor. With LTE and Public Safety deployments being quite different, interference issues could arise.

LTE BTS Tx OOBE (  NB PS portable

Assuming

· The Tx noise from an LTE BS is at most 6dB below NB PS Portable Rx noise floor.

· NB PS Portable NF = 9dB

· NB PS Portable antenna gain = -6dB

The Tx noise must be less than -127.0dBm/6.25kHz

Assuming FCC rule 90.691 [90.210] and Industry Canada RSS-119 [90.691] are used for the BS Unwanted Emission limits, the LTE BTS Tx emission levels are -3dBm/MHz or -25dBm/6.25kHz.

Assuming an LTE BS antenna gain of 16dB, antenna feed loss of 3dB and 70dB path loss between the LTE BS and NB PS portable, an additional 45dB of attenuation is required.

If using 70 dB port to port isolation, which is less stringent than 70dB MCL assumption, TX filter requirement = 38dB.
At least 1MHz guard band with RF filter is potentially needed to obtain the additional isolation.

7.2.1.2
LTE vs. iDEN and other users of the band

While co-location of LTE with iDEN should help the interference, co-location might not always be possible. If LTE and iDEN deployments are not co-located, interference could be an issue, especially if the deployments are very different (e.g., cell size, antenna height, etc).

The interference between LTE and iDEN is studied here.   

LTE BTS TX OOBE ( iDEN portable

If FCC rule 90.691 [90.210] and Industry Canada RSS-119 [90.691] are for the BS Unwanted Emission limits, the LTE BS Tx emission levels are -3dBm/MHz as noted in the previous section or -19dBm/25kHz  The maximum tolerable interference level is

-127dBm assuming a 1dB desense criteria, and the interference from LTE BS Tx noise is  -89dBm/25 KHz assuming 70dB port to port isolation. Therefore 38dB of additional attenuation is required.

Guard band potentially needed is at least 1 MHz.

LTE BTS TX Power (   iDEN portable (Blocking)

Assuming iDEN portable adjacent channel selectivity of 80dB and a receiver noise floor  of -121dBm, the maximum tolerable interference level at the iDEN receiver is -41dBm. With the LTE BTS Tx power of 43dBm/5MHz and 70 dB port to port isolation, no additional attenuation is required.

7.2.1.3
UE to UE and BS to BS coexistence issues at 849-851 MHz 

While BS to BS coexistence might be feasible with filters and site engineering, the UE to UE coexistence might be more difficult to achieve and is FFS. 

LTE BTS Tx Power (  LTE BTS Receiver (Blocking)

LTE TX Pout = 43dBm/5MHz 

Assuming minimal coupling loss between LTE BTS and LTE BTS is 50dB, then the interferer level at LTE BTS is -7dBm/5MHz 

From 3GPP TS 36.104 Table 7.5.1-3 Adjacent channel selectivity for Wide Are BS and Table 7.6.1.1-1 Blocking performance requirement for Wide Area BS, the minimum LTE receiver protection assuming 6dB desense is -52dBm for adjacent channels and -43dBm for other in-band channels. Adjusting for a more realistic 1dB desense allowance, the corresponding adjacent and alternate channel protection becomes -63dBm and -54dBm respectively.

Therefore an additional 56dB of protection is required for an interferer in the adjacent channel spectrum, while interferers elsewhere in band will only require an additional 47dB of protection.

LTE BTS Tx OOBE (  LTE BTS Receiver

Assuming a 1dB desense criteria, the Tx noise from LTE BS (5MHz channel) must be more than 6dB below the LTE BS Rx noise floor. With an LTE BS NF of 5dB, the Tx noise must be less than -115dBm/MHz. Assuming FCC rule 90.691 [90.210] and Industry Canada RSS-119 [90.691] has emission limits, the LTE Tx power in the LTE Rx bandwidth is -13dBm/100KHz or -3dBm/MHz. Assuming a coupling loss between LTE Base Stations of 70dB or less, an additional 32dB of suppression is required.

The 2MHz guard band (849-851 MHz) with RF filter on the BTSs could be enough for certain typical deployments. 

7.2.1.4
LTE vs. Broadcast TV below the band 

Interference from TV stations below the proposed UL band to LTE BS can be mitigated with filters on LTE BS, guard bands, site planning and separation distances. While these techniques will help with the receiver blocking issue, the out-of-band emissions from the TV transmitters can only be mitigated with additional filtering at the TV site or with frequency separation. Interference from LTE UEs to TV receivers is a similar issue to that found in Band 12 and will also need further investigation.

Two interference mechanisms are considered: OOBE and blocking. 
DTV Tx OOBE ( LTE BTS Receiver

With the following assumptions:

Assume requirement = TX noise < 6dB below LTE BTS RX noise floor (1dB desense criteria)

LTE BTS NF = 5dB 

LTE BTS antenna gain = 16dB

Antenna feed loss = 3dB

TX noise < -174dBm - 6dB + 10log(1.4EE6) + 5dB - 16dB + 3dB < -126.5dBm/6MHz

Figure 7.2.1.4-1 below shows the FCC emission requirements and typical emission performance for TV based on a sampling of FCC filings.
DTV antenna gain = 15dB

DTV feeder loss = 3dB 

Assuming that DTV Tx Pout is 80dBm. If 0MHz guard band is assumed, the FCC rule gives the OOBE of 26.7dBm / 1.4MHz (Figure 2). Then, antenna to antenna path loss = 26.7 + 15 - 3 + 126.5 = 165dB. 

For the typical OOBE performance of -1.3dBm / 1.4MHz (figure 2), antenna to antenna path loss is 137dB.  
[image: image1.jpg]



Figure 7.2.1.4-1: FCC Part 73.622 (h) (red curve) and typical performance (green curve)
If 3MHz guard band is assumed, the FCC rule gives the OOBE of -1.3dBm / 1.4MHz. Then, the required antenna to antenna path loss is 137dB. 

For the typical OOBE performance of -39dBm / 1.4MHz, the required antenna to antenna path loss is 99.4dB.  

If 6MHz guard band is assumed, the FCC rule gives OOBE of -36.3dBm / 1.4MHz. Then the required antenna to antenna path loss is 102dB.  

For the typical OOBE performance of -66.3dBm / 1.4MHz, the required antenna to antenna path loss is 72dB.

Table 7.2.1.4-1 hows the required separation distance needed for TV and LTE BS based on ITU-R P. 1546 path loss model.
Table 7.2.1.4-1: Separation distance for TV and LTE BS based on OOBE
[image: image32.emf]
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From the above analysis, a guard band may be required in regions where DTV transmitters are located in the spectrum immediately adjacent to the band.
DTV Tx Power (  LTE BTS Receiver (Blocking)

Port to port isolation between DTV and LTE BS is assumed to be 71.2dB based on typical antenna heights, antenna patterns and propagation model. This implies 96.2dB DTV antenna to LTE BTS antenna path loss. With DTV Tx output power at 80dBm/6MHz based on 92dBm EIRP limit), the interferer level at LTE BS is 8.8dBm/6MHz or 8dBm/5MHz.

Per the analysis in Section 3.1, the adjacent and alternate channel protection is -63dBm and -54dBm respectively for 1dB desense. Therefore an additional 71dB of protection is required for an interferer in the adjacent channel spectrum, while interferers elsewhere in band will only require an additional 62dB of protection.

A guard band is recommended to achieve the desired additional protection. 

7.2.1.5
Conclusions

For coexistence within the band itself with other systems like PS, iDEN, etc at least a 1MHz guard band may be required based on OOBE and Blocking studies. For coexistence with DTV, a guard band will be required if the TV transmitter occupies the spectrum adjacent to the low end of the proposed band. The UE to UE coexistence at 849-851 MHz is for further study.

IM may be another item for further study.

7.2.2
The range 814-849/859-894 MHz
7.2.2.1
Region 2 specific

In this section we start by discussing co-existence problems with regard to the FCC limits in the United States. We consider the range 817-824/862-869 MHz and unwanted emissions below the block edge at 817 MHz in particular, but the results are also applicable near any block edge (or to spectrum adjacent to interior channels used by incumbent licensees) within the entire range 806-849/851-894 MHz.
7.2.2.1.1
UE interference into Public Safety in the United States

First we look at interference from an aggressor UE in the ESMR band 817-824/862-869 MHz (the available extension of Band 5 in the United States) a victim Public Safety device or control station below 816 MHz (use of the Expansion Band) with regard to the applicable FCC emission limits describe in Section 5.3.2.1. The resolution bandwidth is not defined in the FCC rules but we follow the RSS-119 (and the historical) use does that define the measurement bandwidth as 300 Hz at frequency offset less than 37.5 kHz from channel edge and 100 kHz for frequency offsets greater than 37.5 kHz. Results for 1 MHz resolution bandwidth is also given for the latter case. The emission limits that would apply are -20 dBm/0.3kHz at an offset between 12.5 kHz and 37.5 kHz from the ESMR block, and -13 dBm/100kHz beyond 37.5 kHz. 

For the UE unwanted emission results we assume a transmitter that just meets the LO leakage and IQ image minimum requirements for Rel-8, and with a counter-IM3 at -60 dBc (full power). The graphs show the emission at the antenna port assuming no additional attenuation provided by the duplexer the lower band edge of which is 814 MHz. 
Figure 7.2.2.1.1-X shows the results for a 1.4 MHz channel with its lower edge at 817 MHz, hence a 0.16 MHz guard between the ESMR lower edge and the lowest PRB of the transmission configuration. We observe that a limit of -20 dBm/0.3 kHz would be met at an offset between 12.5 kHz and 37.5 kHz for both a 1 and 6 PRB allocations: there is a margin of up to 10 dB under the above assumptions. 
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Figure 7.2.2.1.1-X: emission for the 1.4 MHz bandwidth for 300 Hz RBW for small offsets from 817 MHz

The results for a resolution bandwidth of 100 kHz are shown in Figure 7.2.2.1.1-X2. For offsets greater than 37.5 kHz we assume that the first measurement position is at an 87.5 kHz offset from the allocated block with the 100 kHz bandwidth. We observe that the limit -13 dBm/100 kHz is not met for the 1 PRB allocation at offset smaller than 100 kHz from the block edge: power back-off or a guard created above 817 MHz is needed based on the assumed transmitter performance and PA model. For most devices the performance should exceed the minimum, but there are also other tolerances not considered herein. Results for a wider frequency range are shown in Figure 7.2.2.1.1-X3, the    -13 dBm/100 kHz limit is met at an offset of 100 kHz away from the block edge at 817 MHz for the PRB allocations considered.
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Figure 7.2.2.1.1-X2: emission for the 1.4 MHz bandwidth with 100 kHz RBW for small offsets from 817 MHz
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Figure 7.2.2.1.1-X3: emission for the 1.4 MHz bandwidth with 100 kHz RBW

The corresponding results for the 5 MHz channel centred at 819.5 MHz are shown in Figure 7.2.2.1.1-X4 for the range around the lower ESMR block edge. We observe that a limit of -20 dBm/0.3 kHz would be met at an offset between 12.5 kHz and 37.5 kHz for all PRB allocations studied. The results for 100 kHz resolution bandwidth are shown in Figure 7.2.2.1.1-X5: the limit -13 dBm/100 kHz is not met for offsets smaller than 300 kHz from the block edge for the 5 PRB allocation: the same results over a wider frequency range are shown in Figure 7.2.2.1.1-X6. The intermodulation products (wider than 100 kHz) stay below the limit. 
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Figure 7.2.2.1.1-X4: emission for the 5 MHz bandwidth with 300 Hz RBW for small offsets from 817 MHz
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Figure 7.2.2.1.1-X5: emission for the 5 MHz bandwidth with 100 kHz RBW for small offsets from 817 MHz

Figure 7.2.2.1.1-X7 shows the corresponding results for the 1 MHz resolution bandwidth. Assuming that the first measurement frequency is 537.5 kHz, the limit -13 dBm/MHz is not met close in to the carrier, and a third order intermodulation product also exceeds this limit. 
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Figure 7.2.2.1.1-X6: emission for the 5 MHz bandwidth with 100 kHz RBW
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Figure 7.2.2.1.1-X7: emission for the 5 MHz bandwidth with 1 MHz RBW

To sum up, to meet the FCC requirements (Section 5.3.2.1) for the ESMR block, 

· a limit of -20 dBm/0.3 kHz would be met at an offset between 12.5 kHz and 37.5 kHz for all PRB allocations studied for the 1.4 and 5 MHz bandwidths,

· for the 100 kHz resolution bandwidth, the limit -13 dBm/100 kHz would require a guard of up about 100 kHz and 300 kHz (taken inside the ESMR band) for the 1.4 and 5 MHz bandwidths, respectively

· for the 1 MHz resolution, a moderate power back-off is needed to meet the -13 dBm/MHz bandwidth. 

Assuming that the resolution bandwidth is 100 kHz, an A-MPR could be configured to avoid the necessary guards just above 817 MHz. The duplex filter with the lower edge at 814 MHz would not provide sufficient attenuation of the intermodulation product for the 1 MHz resolution bandwidth. However, for the 100 kHz resolution bandwidth,

· the limit -13 dBm/100kHz is met in the public safety band 806-815 MHz (uplink), including the expansion band up to 816 MHz (Figure 5.1.2.2-X).   

<results for15 MHz bandwidth for the upper block edge at 849 MHz>

7.2.2.1.2
BS interference into Public Safety

Here we consider the interference from an aggressor BS in the ESMR band 817-824/862-869 MHz to a victim Public Safety service below 861 MHz (use of the Expansion Band) with regard to the applicable FCC emission limits describe in Section 5.3.2.1.
In TS 36.104 section 6.6.3.3, additional operating band unwanted emission limits for E-UTRA band < 1GHz comes from FCC rule Title 47 part 22. The comparison of the additional requirements in TS 36.104 with the requirements from FCC 90.691 and RSS-119 is shown in Figure 7.2.2.1.2-1. For example, the higher channel edge of the carrier is at 865MHz.
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Figure 7.2.2.1.2-1 Comparison of additional requirements in 36.104 with FCC 90.691
As can be seen from the figure above, the requirements from FCC 90.691 and RSS-119 are much stricter than additional requirements defined in TS 36.104. 

Simulations for 1.4MHz, 3MHz and 5MHz with 300Hz and 100 kHz RBW are carried out to evaluate the emission requirements from FCC 90.691 and RSS-119. Simulation assumptions are listed below:

· RB allocation for different channel bandwidth: Maximum RB’s

· Output power: Max 43dBm

· Spectrum shaping filter: 0.1dB Ripple and 50dB rejection
· ACLR=45dB
Figure 7.2.2.1.2-2 shows the results for a 5 MHz channel with its lower edge at 862 MHz, hence a 0.2425 MHz guard between the ESMR lower edge and the lowest PRB of the transmission configuration. The ACLR of the PA model is 45dBc and the RBW of the spectrum is 300Hz. The limit of -20 dBm/0.3 kHz could be met easily at an offset between 12.5 kHz and 37.5 kHz for full RB allocation.
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Figure 7.2.2.1.2-2 Emission for the 5 MHz channel bandwidth with 300Hz RBW
The results for a resolution bandwidth of 100 kHz is shown in Figure 7.2.2.1.2-3. For offsets greater than 37.5 kHz, the limit -13 dBm/100 kHz is not met at near end close to the channel edge based on the assumed PA model.
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Figure 7.2.2.1.2-3 Emission for the 5 MHz channel bandwidth with 100kHz RBW
The ACLR of a real PA for BS should be better than 45dBc. Figure 7.2.2.1.2-4 shows a typical measurement ACLR for 5MHz channel bandwidth carrier at 46dBm output power. Therefore, the FCC requirements (Section 5.3.2.1) for the ESMR block could be met for BS with 5MHz channel bandwidth.
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Figure 7.2.2.1.2-4 Measurement ACLR for 5MHz channel bandwidth (<1GHz band)

With regards to Figure 7.2.2.1.2-4, the simulation assumption is revised a little bit as:

· RB allocation for different channel bandwidth: Maximum RB’s

· Output power: Max 43dBm

· Spectrum shaping filter: 0.1dB Ripple and 50dB rejection
· ACLR=55dB
The corresponding results with 55dBc ACLR PA model, i.e. 10dB better than the specification, for the 1.4 MHz channel centred at 862.7 MHz are shown in Figure 7.2.2.1.2-5 for 300Hz resolution bandwidth and Figure 7.2.2.1.2-6 for 100 kHz resolution bandwidth. The limit of -20 dBm/0.3 kHz could be met at an offset between 12.5 kHz and 37.5 kHz, but the limit -13 dBm/100 kHz could not be met for offsets 37.5 to about 100 kHz from the block edge at 862MHz.
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Figure 7.2.2.1.2-5 Emission for the 1.4 MHz channel bandwidth with 300Hz RBW
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Figure 7.2.2.1.2-6 Emission for the 1.4 MHz channel bandwidth with 100kHz RBW
The corresponding results with 55dBc ACLR PA model, i.e. 10dB better than the specification, for the 3 MHz channel centred at 863.5 MHz are shown in Figure 7.2.2.1.2-7 for 300Hz resolution bandwidth and Figure 7.2.2.1.2-8 for 100 kHz resolution bandwidth. The limit of -20 dBm/0.3 kHz could be met at an offset between 12.5 kHz and 37.5 kHz, and the limit -13 dBm/100 kHz could also be met for offsets larger than 37.5 kHz from the block edge at 862MHz.
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Figure 7.2.2.1.2-7 Emission for the 3 MHz channel bandwidth with 300Hz RBW
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Figure 7.2.2.1.2-8 Emission for the 3 MHz channel bandwidth with 100kHz RBW
On the basis of the simulation results, we can summarize the conclusion as below:
· In the frequency region 12.5KHz <△f <37.5kHz, it is easy to meet the -20dBm/300Hz emission limit for BS with 1.4MHz, 3MHz and 5MHz channel bandwidth.

· In the frequency region △f >37.5kHz, the emission requirement of -13dBm/100kHz from FCC rules could be met for BS with 3MHz and 5MHz channel bandwidth. The limit -13 dBm/100 kHz is not met for offsets smaller than 100 kHz from the channel edge for the 1.4MHz channel bandwidth. Therefore, additional 100 kHz guard band is needed for 1.4MHz carrier configured at the band edge close to the public safety service. Please note that this is achieved with 55dBc ACLR at 43dBm as average performance, which is 10dB higher than minimum requirements.
7.3
UE specific requirements

7.3.1
Transmitter characteristics

7.3.2
Receiver characteristics

7.3.2.1
Diversity characteristics

<text will be added>

7.3.2.2
Reference sensitivity

7.3.2.2.1
The sub-band 806-[824]/851-[869] MHz

<text will be added>
7.3.2.2.2
The sub-band 814-849/859-894 MHz
The anticipated requirement reference sensitivity is shown in Table [7.3.2.2.2-1] are TBD pending further study. 

Table [7.3.2.2.2-1]: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18/19
	
	
	-100
	-97
	-95.2
	
	FDD

	814-849/859-894 MHz
	TBD
	TBD
	TBD
	TBD
	TBD 
	
	FDD


Table [7.3.2.2.2-2] specifies the minimum number of allocated uplink resource blocks for which the reference receive sensitivity requirement must be met.

[For the 10 and 15 MHz bandwidths the impact of the transmitter noise is TBD.] 

Table [7.3.2.2.2-2]: Minimum uplink configuration for reference sensitivity
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	5
	6 
	15 
	25 
	251
	
	
	FDD

	8
	6 
	15
	25 
	251 
	 
	 
	FDD

	18/19
	
	
	25
	251
	251
	
	FDD

	814-849/859-894 MHz
	6 
	15 
	25 
	251
	[25]
	
	FDD

	Note 1:       The number of UL  resource blocks allocated is less than the total resources blocks supported by the channel bandwidth. The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). 
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