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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

The present document summarizes the studies of radio requirements for the Base Station (BS) radio transmission and reception as part of the work item on Evolved Universal Terrestrial Radio Access (E-UTRA).

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 TS 25.104 V7.3.0 (2006-03), “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Base Station (BS) radio transmission and reception (FDD) (Release 7)”.

[2] Recommendation ITU-R M.1580-1, “Generic unwanted emission characteristics of base stations using the terrestrial radio interfaces of IMT-2000”.

[3] Recommendation ITU-R SM.328-10, “Spectra and Bandwidth of Emissions”.

[4] Recommendation ITU-R SM.329-10, “Unwanted emissions in the spurious domain”

[5] “International Telecommunications Union Radio Regulations”, Edition 2004, Volume 1 – Articles, ITU, December 2004.

[6] “Title 47 of the Code of Federal Regulations (CFR)”, Federal Communications Commission.

[7] “Adjacent Band Compatibility between UMTS and Other Services in the 2 GHz Band”, ERC Report 65, Menton, May 1999, revised in Helsinki, November 1999.

[8] 
“Sharing and Adjacent Band Compatibility between UMTS/IMT-2000 in the Band 2500-2690 MHz and Other Services”, ECC Report 045, Granada, February 2004.

[9] “Compatibility Study For UMTS Operating within the GSM 900 And GSM 1800 Frequency Bands”), Draft ECC Report 082, ECC PT1(05)053 ANNEX 22.

[10] Report ITU-R M.2039, “Characteristics of terrestrial IMT-2000 systems for frequency sharing/interference analyses”.

[11] ETSI EN 301 908-3 V2.2.1 (2003-10), “Electromagnetic compatibility and Radio spectrum Matters (ERM); Base Stations (BS), Repeaters and User Equipment (UE) for IMT-2000 Third-Generation cellular networks; Part 3: Harmonized EN for IMT-2000, CDMA Direct Spread (UTRA FDD) (BS) covering essential requirements of article 3.2 of the R&TTE Directive”.

[12] 
Recommendation ITU-R SM.1541, “Unwanted emissions in the out-of-band domain”.

[13] 3GPP TR 25.942 V7.0.0 (2007-03), “3rd Generation Partnership Project; Technical Specification Group Radio Access Networks; Radio Frequency (RF) system scenarios (Release 7)”.

[14]
R4-070264, "Proposal on LTE ACLR requirements for Node B" (NTT DoCoMo).

[15]
3GPP TS 25.105 V7.4.0 (2006-12), “Technical Specification 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Base Station (BS) radio transmission and reception (TDD) (Release 7)”.
[16]
R4-060738, Methodology for deriving E-UTRA EVM BS requirements, Nokia

[17]
R4-060740, E-UTRA EVM Requirements for the BS, Nokia

[18]
R4-060853, Reserved sub-carriers for LTE, Ericsson

[19]
R4-061170, 64QAM for LTE, Ericsson

[20]
R4-061171, Modulation quality for LTE, Ericsson

[21]
R4-061172, Reserved sub-carriers for LTE, Ericsson

[22]
R4-070124, System simulation results for derivation of E-UTRA BS EVM requirements, Nokia

[23]
R4-070082, EVM for equal throughput LTE BS – Simulation and Analysis based, Siemens
[24]
3GPP TS 25.141 v7.6.0 (2006-12), “Base Station (BS) conformance testing (FDD) (Release 7)”.

[25]
R4-061253, “TP for definition of E-UTRA EVM for the BS”, Nokia.

[26]
R4-070376, “Recommendations on E-UTRA BS EVM definition and measurement methodology”, Alcatel-Lucent.

[27]
3GPP TS 36.211 v1.0.0 (2007-03), “Physical Channels and Modulation”.

[28]
R4-070337, "Impact of second adjacent channel ACLR/ACS on ACIR" (Nokia Siemens Networks).

[29]
R4-070430, "UE ACS and BS ACLRs" (Fujitsu ).
3
Definitions, symbols and abbreviations

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

Subclause 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].



Maximum output Power: The mean power level per carrier of the base station measured at the antenna connector in a specified reference condition.

Mean power: When applied to E-UTRA transmission this is the power measured in the operating system bandwidth of the carrier. The period of measurement shall be at least one subframe (1ms) for frame structure type 1 and one subframe (0.675ms) for frame structure type 2 excluding the timeslot interval, unless otherwise stated.
Output power: The mean power of one carrier of the base station, delivered to a load with resistance equal to the nominal load impedance of the transmitter.

Rated output power: Rated output power of the base station is the mean power level per carrier that the manufacturer has declared to be available at the antenna connector.
3.2
Symbols

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

Symbol format

<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

<ACRONYM>
<Explanation>

4
General

4.1
Relationship between Minimum Requirements and Test Requirements
<Text will be added.>

4.2
Base station classes

<Text will be added.>

4.3
Regional requirements

<Text will be added.>

4.4
Environmental requirements for the BS equipment

<Text will be added.>

5
Frequency bands and channel arrangement

5.1
General

Table 5.1-1 specifies number of resource blocks in an operating system bandwidth

Table 5.1-1 Number of resource blocks in an operating system bandwidth

	Operating system bandwidth [MHz]
	1.4*
	1.6**
	[3 and/or 3.2]
	5
	10
	15
	20

	Number of resource blocks
	6
	7
	[15 and/or 16]
	25
	50
	75
	100

	Note*: This system bandwidth is used only for FDD band
Note**: This system bandwidth is used only for TDD band




5.2
Frequency bands

<Text will be added.>

5.3
TX-RX frequency separation

<Text will be added.>

5.3
Channel arrangement

<Text will be added.>

6
Transmitter characteristics

6.1
General

<Text will be added.>

6.2
Base station output power


There is no upper limit specified for the maximum output power for the general purpose BS. Limits for maximum output power of other BS classes are ffs. The manufacturer shall declare the rated output power.

In normal conditions, the base station maximum output power shall remain within +2 dB and -2 dB of the rated output power declared by the manufacturer.

In extreme conditions, the base station maximum output power shall remain within +2.5 dB and -2.5 dB of the rated output power declared by the manufacturer.

In certain regions, the minimum requirement for normal conditions may apply also for some conditions outside the range of conditions defined as normal.
6.3
Frequency error

Frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation.

6.3.1
Minimum requirement

The modulated carrier frequency of the BS shall be accurate to within the accuracy range given in Table 6.0 observed over a period of [one subframe (1ms) for frame structure type 1 and one subframe (0.675ms) for frame structure type 2 excluding the timeslot interval].
Table 6.0: Frequency error minimum requirement

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±[TBD] ppm

	Local Area BS
	±[TBD] ppm



6.4
Output power dynamics

<Text will be added.>

6.5
Transmit ON/OFF power
<Text will be added.>

6.6
Output RF spectrum emissions

Unwanted emissions are divided into “Out-of-band emission” and “Spurious emissions” in 3GPP RF specifications. This notation is in line with ITU-R recommendations such as SM.329 ‎‎[4] and the Radio Regulations ‎[5]. ITU defines:

Out-of-band emission = Emission on a frequency or frequencies immediately outside the necessary bandwidth which results from the modulation process, but excluding spurious emissions.

Spurious emission = Emission on a frequency, or frequencies, which are outside the necessary bandwidth and the level of which may be reduced without affecting the corresponding transmission of information. Spurious emissions include harmonic emissions, parasitic emissions, intermodulation products and frequency conversion products but exclude out-of-band emissions.

Unwanted emissions = Consist of spurious emissions and out-of-band emissions.
6.6.1
Occupied bandwidth

6.6.1.1
Background for occupied bandwidth requirement in UTRA

Occupied band width is one way of specifying out-of-band emissions as described in Clause 6.6.2.1. The occupied bandwidth is defined in ITU-R SM.328 ‎[3] and ITU-R Radio Regulations ‎[5]:

Occupied bandwidth = The width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage β/2 of the total mean power of a given emission. Unless otherwise specified by the Radiocommunication Assembly for the appropriate class of emission, the value of β/2 should be taken as 0.5%. ‎[3] ‎[5]

Occupied bandwidth is used in some regions as a regulatory requirement. It is not defined as a regulatory requirement by the FCC or CEPT/ECC and it is not used as input to any compatibility studies. It is today a mandatory requirement for the BS in RAN4 specifications.

6.6.2
Out of band emission

6.6.2.1
Background for BS out-of-band emission requirements in UTRA

The core requirements for out-of band emissions are specified for the BS in TS 25.104 ‎[1] and TS 25.105 [15]. The corresponding test requirements are in TS 25.141and TS 25.142. There are several ways of specifying Out-of-band emissions. Three ways are used in RAN4 specifications, namely Occupied Bandwidth, Spectrum emission mask and Adjacent Channel Leakage Ratio (ACLR).

References for the Out-of-band requirements are summarised in Table 6.6.2-1 for the BS. The tables give references to RAN4 core specs, to where the term is defined and to some relevant regulatory references. These regulatory references have either defined the limit value in 3GPP or they have used it as a basis for studies or recommendations. 

Table 6.6.2-1 Summary of regulatory references for BS requirements
	Requirement
	RAN4
TS 25.104 ‎[1]
	Definition 
	Some relevant regulatory references

	Occupied bandwidth
	6.6.1
	ITU-R
SM.328
(1.13) ‎[3]
	ITU Radio Regulations No. S1.153 ‎[5]

	Spectrum emission mask
	6.6.2.1
	ITU-R
SM.1541 ‎[12]

Limits defined in 3GPP ‎[1]
	ITU-R. M.1580 (Annex 1.2) ‎[2]: Band I limits included. 

FCC Title 47 part 24.238 ‎[6]: Band II limits.
FCC Title 47 part 27.53 ‎[6]: Band IV and X limits.
FCC Title 47 part 22.917 ‎[6]: Band V limits.

ERC Report 65 ‎[7]: Based on Band I limits.
ECC Report 045 ‎[8]: Based on Band VII limits.
ECC Report 082 ‎[9]: Based on Band III and VIII limits. 

ETSI EN 301 908-3 ‎[11]: Limits included.

	ACLR
	6.6.2.2
	ITU-R
SM.1541 ‎[12]

Limits defined in 3GPP ‎[1]
	ITU-R M.1580 (Annex 1.3) ‎[2]: Band I limits included. 
ITU-R M.2039 ‎[10]: ACLR limits included.

ERC Report 65 ‎[7]: Based on Band I limits.
ECC Report 045 ‎[8]: Based on Band VII limits.
ECC Report 082 ‎[9]: Based on Band III and VIII limits. 

ETSI EN 301 908-3 ‎[11]: Limits included.


6.6.2.1.1
BS Spectrum emission mask as specified in UTRA

ITU-R SM.328 ‎[3] and SM.1541 ‎[12] define “Permissible out-of-band spectrum (of an emission)” as the power density of emissions above and below the necessary bandwidth. The spectrum emission masks defined for the BS in RAN4 specifications specify such limits of emissions, based on a necessary bandwidth for UTRA. No limits are specified inside the necessary bandwidth. 

For Band I the masks are also included in the ITU-R recommendation M.1580 ‎[2] on IMT-2000 unwanted emissions. The spectrum masks were mostly based on studies of the spectrum shape of UTRA emissions in early stages of RAN4 work. The masks are also limited by FCC regulations ‎[6] for Bands II, IV, V and X.

The masks were used for several 3GPP co-existence studies as input parameters. In regulatory bodies, CEPT/ECC used the masks as input to several reports studying co-existence and adjacent channel compatibility for IMT-2000 ‎[7] ‎[8] ‎[9]. These reports were partly developed in co-operation with 3GPP.

As an example based on 5MHZ UTRA, the BS mask ‎[1] is defined from 2.5 MHz to a point which is either the operating band edge or 12.5 MHz from the BS carrier centre frequency, whichever is further away. This means that the mask limits emissions in the whole operating band in addition to the +/-12.5 MHz from the carrier centre. Also here, 12.5 MHz is 250% of the necessary bandwidth ‎[4] and the mask is defined with a 30 kHz resolution in the first MHz and a 1 MHz resolution beyond that point. The limits of the mask vary in definition with the BS output power, but have fixed limits for BS powers above 43 dBm or below 31 dBm.

The background of the emission limits for the UTRA mask is described in clause 14.2.1 of TR 25.942 [13]. The main inputs for the UTRA mask limits were

· The ACLR values of 45 dB and 50 dB for the first and second adjacent channel respectively that set a relative limit.

· The FCC limits from [6] (for band II) that set absolute upper limits.

· A mask shape in the first MHz adjacent to the carrier, taking into account imperfections in baseband. A slope is taken from 200 kHz to 1 MHz from the carrier edge to more accurately reflect PA behaviour.

· A variation of the mask levels (below FCC limits) that is proportional to the BS output power and with a “floor” for 31 dBm base stations where the absolute limits are low compared to spurious emission limits.

The BS spectrum mask is not mandatory in all regions and is listed as a regional requirement.

6.6.2.1.2
ACLR as specified in UTRA

ITU-R SM.1541 ‎[12] defines Adjacent Channel Power as one way of defining limits on Out-of-band emissions. The term ACLR was defined by RAN4, to avoid confusion regarding related terms such as ACI, ACP and ACL:

Adjacent Channel Leakage power Ratio (ACLR) = The ratio of the RRC filtered mean power centred on the assigned channel frequency to the RRC filtered mean power centred on an adjacent channel frequency.

In combination with the corresponding receiver requirement on Adjacent Channel Selectivity (ACS), ACLR has been an extremely useful tool in co-existence and co-existence studies, both in 3GPP and in CEPT/ECC ‎[7] ‎[8] ‎[9].  For Band I, ACLR is also included in the ITU-R recommendations M.1580 ‎[2] on IMT-2000 unwanted emissions. It is also included in ITU-R report M.2039 ‎[10] that defines parameters to be used in co-existence studies for all IMT-2000 systems.

Together with ACS, the ACLR defines the Adjacent Channel Interference Ratio (ACIR) as 
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This relation and its application rely on identical assumed bandwidths in the ACLR and ACS definitions. If aggressor and victim have different bandwidths, both ACLR and ACS definitions have to account for exactly those bandwidths. This is not a problem for co-existence between two UTRA system, but it becomes more complex when there are different systems involved or the bandwidth of a system is flexible as in E-UTRA.

6.6.2.2
Operating band unwanted emission requirements for LTE (spectrum emissions mask)

LTE should have a spectrum emissions mask requirements (SEM) defined, based on the following prerequisites.

· SEM should be defined with a reference bandwidth of [100 kHz]. It would have to be verified if this number will be suitable also for matching the mask in the first adjacent MHz as defined in ERC Report 65. 

· The SEM limit should also be set to allow some variations due to varying power allocation between resource blocks.

· FCC requirements [6] which apply mainly in Region 2 should be defined separately as an absolute limit and may need a smaller measurement bandwidth in some cases.

· In UTRA, the spectrum emissions mask is not only defined in the OOB domain, but also across the spurious domain inside the operating band. This can also be the case for the LTE mask, as long as the limits in the spurious domain are consistent with recommended spurious limits in SM.329 [4]. The “unified” in-band OOB + spurious emissions for LTE can be named “unwanted emissions” which is the agreed terminology [6] that encompasses both OOB and spurious emissions.

· The SEM limit should apply for both single and multicarrier BS.

· FCC requirements as defined in [6] apply for bands II, IV, V and X as additional limits.

6.6.2.2.1
Operating band unwanted emission requirement specification

The Operating band unwanted emission limits are defined as a “mask” that stretches from 10 MHz below the lowest frequency of the BS transmitter operating band up to 10 MHz above the highest frequency of the BS transmitter operating band, as shown in Figure 6.6.2-1. Parts of the mask will be in the out-of-band domain (within +/-2.5 times the necessary bandwidth of the carrier) and parts will be in the spurious domain. As a working assumption, the limits are expressed in one single table per RF carrier bandwidth, with each table being valid for all BS powers and all operating bands.

The unwanted emission limit in the part of the operating band that falls in the spurious domain must be consistent with SM.329 [4]. Based on the Category B spurious emission limits in [4] a level of -25 dBm in 100 kHz is selected as the lower bound for the unwanted emission limits. This is consistent with the -15 dBm level used for UTRA as spurious emission limit inside the operating band. Further details on the spurious emission limits and their interpretation for UTRA (and E-UTRA) are given in TR 25.942, clause 14.2

For Bands II, IV, V and X, an additional Unwanted emission limit is derived from FCC Title 47 [6] Parts 22, 24 and 27, see also Table 6.6.2-1. The requirement stated in [6] is interpreted as -13 dBm in a measurement bandwidth defined as 1% of the "-26 dB modulation bandwidth". For the 5, 10 and 20 MHz RF carrier bandwidths, the following additional requirements are defined:

·   5 MHz carrier: -15 dBm in 30 kHz, which assumes that the "-26 dB modulation bandwidth" is < 4.75 MHz.

· 10 MHz carrier: -13 dBm in 100 kHz, which assumes that the "-26 dB modulation bandwidth" is < 10 MHz.

· 20 MHz carrier: -16 dBm in 100 kHz, which assumes that the "-26 dB modulation bandwidth" is < 20 MHz.
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Figure 6.6.2-1 Defined frequency range for Operating band unwanted emissions with an example RF carrier and related mask shape (actual limits are TBD).

The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier). It applies for all transmission modes foreseen by the manufacturer's specification.

Emissions shall not exceed the maximum level specified in the tables below for [any] BS maximum output power, where:

-
(f is the separation between the carrier centre frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.

-
f_offset is the separation between the carrier centre frequency and the centre of the measuring filter.

-
f_offsetmax is the offset to the frequency 10 MHz outside the operating band edge.

-
(fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.

Table 6.6.2-2: Operating band unwanted emission limit values for 20 MHz carrier bandwidth
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth

	10 MHz ( (f < x MHz
	10.05 MHz ( f_offset < X
	
	100 kHz 

	
	X ( f_offset …
	
	100 kHz 

	
	…
	
	100 kHz 

	50 MHz ( (f ( (fmax
	50.05 MHz ( f_offset < f_offsetmax 
	[-25 dBm]
	100 kHz 


Table 6.6.2-3: Additional Operating band unwanted emission limit values for band II, IV, V, X, and 20 MHz carrier bandwidth
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth

	10 MHz ( (f <11 MHz
	10.05 MHz ( f_offset < 10.95 MHz
	[-16 dBm]
	100 kHz 

	11 MHz ( (f < (fmax MHz
	11.5 MHz ( f_offset < f_offsetmax MHz
	[-13 dBm]
	1 MHz


Table 6.6.2-4: Operating band unwanted emission limit values for 10 MHz carrier bandwidth
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth

	5 MHz ( (f < x MHz
	5.05 MHz ( f_offset < X
	
	100 kHz 

	
	X ( f_offset …
	
	100 kHz 

	
	…
	
	100 kHz 

	25 MHz ( (f ( (fmax
	25.05 MHz ( f_offset < f_offsetmax 
	[-25 dBm]
	100 kHz 


Table 6.6.2-5: Additional Operating band unwanted emission limit values for band II, IV, V, X, and 10 MHz carrier bandwidth
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth

	5 MHz ( (f < 6 MHz
	5.05 MHz ( f_offset < 5.95 MHz
	[-13 dBm]
	100 kHz 

	6 MHz ( (f < (fmax MHz
	6.5 MHz ( f_offset < f_offsetmax MHz
	[-13 dBm]
	1 MHz


Table 6.6.2-6: Operating band unwanted emission limit values for 5 MHz carrier bandwidth
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth

	2.5 MHz ( (f < x MHz
	2.55 MHz ( f_offset < X
	
	100 kHz 

	
	X ( f_offset …
	
	100 kHz 

	
	…
	
	100 kHz 

	12.5 MHz ( (f ( (fmax
	12.55 MHz ( f_offset < f_offsetmax 
	[-25 dBm]
	100 kHz 


Table 6.6.2-7: Additional Operating band unwanted emission limit values for band II, IV, V, X, and 5 MHz carrier bandwidth
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth

	2.5 MHz ( (f < 3.5 MHz
	2.515 MHz ( f_offset < 3.485MHz
	[-15 dBm]
	30 kHz 

	3.5 MHz ( (f < (fmax MHz
	4 MHz ( f_offset < f_offsetmax MHz
	[-13 dBm]
	1 MHz


6.6.2.3
ACLR requirements for LTE

If there is to be both an ACLR-type requirement with carrier-wide reference bandwidth and a mask (SEM) with much narrower reference bandwidth, the ACLR limit should be somewhat stricter than the integrated SEM. In this way, the ACLR can capture the “average” behaviour over a carrier, while the SEM can take into account the variations in the spectrum emissions resulting from variations in power allocations.

Since it is important to assess sharing properties both with adjacent UTRA systems and with LTE carriers the ACLR is defined with different bandwidths:

· ACLR/UTRA in a 1st adjacent channel with 5 MHz and/or 1.6 MHz reference bandwidth depending on paired or unpaired spectrum.

· ACLR/LTE (reference bandwidth equal to LTE carrier bandwidth) in a 1st and 2nd adjacent channel.

· For carriers with bandwidth larger than 5 MHz positioned close to or adjacent to the band edge, the 1st or 2nd adjacent channel that define the ACLR/LTE may fall partly or fully outside the point 10 MHz from the band edge. If it is fully outside, it should not be defined. If it is partly outside it can still be defined, but may not be limiting compared to the unwanted emission limits defined by SEM and spurious emissions.

· ACLR should apply for both single and multicarrier BS.

ACLR measured in other bandwidths (smaller or larger) than the LTE carrier or 5 MHz are indirectly defined by the mask.

6.6.2.3.1 ACLR requirement specification

ACLR is defined for two cases as shown in Figure 6.6.2-2, i.e. for 1st and 2nd adjacent LTE carriers of the same bandwidth and at least for 1st adjacent UTRA carriers. Separate limits are defined for each RF carrier bandwidth. The requirements can be stated with two tables, one for adjacent LTE and one for adjacent UTRA.
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Figure 6.6.2-2 The two defined ACLR measures, one for 1st and 2nd adjacent LTE carriers and one for 1st adjacent UTRA carrier (actual limits are TBD).

The current working assumptions for BS ACLR are captured in the table 6.6.2.3-1 for LTE operating in paired spectrum and in Table 6.6.2.3-2 in unpaired spectrum. [The numbers are based on the co-existence simulations outlined in TR 36.942.]

Table 6.6.2.3-1: Working assumption for BS ACLR for adjacent LTE carriers (paired spectrum)
	E-UTRA

Assigned BW (MHz)
	ACLR limit for 1st and 2nd Adjacent channel relative to assigned channel frequency [dB]

	
	
	UTRA1
5.0 MHz
	E-UTRA2
1.4 MHz
	E-UTRA2
Y MHz
	E-UTRA2
5.0 MHz
	E-UTRA2
10 MHz
	E-UTRA2
15 MHz
	 E-UTRA2
20 MHz

	1.4
	ACLR 1
	[TBD]
	[TBD]
	-
	-
	-
	-
	-

	
	ACLR 2
	[TBD]
	[TBD]
	-
	-
	-
	-
	-

	Y
	ACLR 1
	[TBD]
	-
	[TBD]
	-
	-
	-
	-

	
	ACLR 2
	[TBD]
	-
	[TBD]
	-
	-
	-
	-

	5
	ACLR 1
	[45]
	-
	-
	[45]
	-
	-
	-

	
	ACLR 2
	[45]
	-
	-
	[TBD]
	-
	-
	-

	10
	ACLR 1
	[45]
	-
	-
	-
	[45]
	-
	-

	
	ACLR 2
	[45]
	-
	-
	-
	[TBD]
	-
	-

	15
	ACLR 1
	[45]
	-
	-
	-
	-
	[45]
	-

	
	ACLR 2
	[45]
	-
	-
	-
	-
	[TBD]
	-

	20
	ACLR 1
	[45]
	-
	-
	-
	-
	-
	[45]

	
	ACLR 2
	[45]
	-
	-
	-
	-
	-
	[TBD]

	NOTES:
1 Measured with a 3.84 MHz bandwidth RRC filter with roll-off factor =0.22 centered on the adjacent  channel.


2 Measured with a [TBD] filter centered on the 1st or 2nd adjacent  channel


Table 6.6.2.3-2: Working assumption for BS ACLR for adjacent LTE carriers (unpaired spectrum assuming synchronized operation)
	E-UTRA

Assigned BW (MHz)
	ACLR limit for 1st and 2nd Adjacent channel relative to assigned channel frequency [dB]

	
	
	UTRA1
7.68 Mcps
	UTRA1
3.84 Mcps
	UTRA1
1.28 Mcps
	E-UTRA2
1.6 MHz
	E-UTRA2
5.0 MHz
	E-UTRA2
10 MHz
	E-UTRA2
15 MHz
	 E-UTRA2
20 MHz

	1.6
	ACLR1
	- 3
	- 3
	[TBD]
	[TBD]
	-
	-
	-
	-

	
	ACLR2
	
	
	
	[TBD]
	-
	-
	-
	-

	5
	ACLR1
	[45]
	[45]
	[TBD]
	-
	[45]
	-
	-
	-

	
	ACLR2
	
	
	
	-
	[TBD]
	-
	-
	-

	10
	ACLR1
	[45]
	[45]
	[TBD]
	-
	-
	[45]
	-
	-

	
	ACLR2
	
	
	
	-
	-
	[TBD]
	-
	-

	15
	ACLR1
	[45]
	[45]
	[TBD]
	-
	-
	-
	[45]
	-

	
	ACLR2
	
	
	
	-
	-
	-
	[TBD]
	-

	20
	ACLR1
	[45]
	[45]
	[TBD]
	-
	-
	-
	-
	[45]

	
	ACLR2
	
	
	
	-
	-
	-
	-
	[TBD]

	NOTES:
1 Measured with a 7.68 MHz, 3.84 MHz or 1.28 MHz bandwidth RRC filter respectively, with roll-off factor =0.22 centered on the adjacent  channel.


2 Measured with a [TBD] filter centered on the 1st or 2nd adjacent  channel


3 Operation in adjacent channels not possible with synchronized operation in unpaired spectrum due to different time slot structures.


The ACLR2 for the UTRA is for further study. It was revealed in [28] and [29] that the second adjacent channel interference contributes only little to overall ACIR because ACLR/ACS in the second adjacent channel is significantly higher than the UTRA UE ACS1.
It was pointed out in [14] that an LTE BSs must not cause larger interference (in terms of absolute power) to the co-existing UTRA system than the one allowed in the current 3GPP requirements, irrespective of its operating system bandwidth.
The measurement filter for the transmitted LTE carrier and the adjacent LTE carrier is for further study. It should be a filter that models a typical LTE receiver of the specified RF carrier bandwidth.

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the [TBD] filtered mean power centered on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.

The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier). It applies for all transmission modes foreseen by the manufacturer's specification.

6.6.3
Spurious emissions

Spurious emissions are defined in ITU-R Radio Regulations ‎[5] and SM.329 ‎[4].

The core requirements for spurious emissions are specified for the BS in TS 25.104 ‎[1]. The corresponding test requirements are in TS 34.121 and TS 25.141.

References for the spurious emissions requirements are summarised in Table 6.6-2 for the BS. The tables give references to RAN4 core specs, to where the term is defined and to some relevant regulatory references. These regulatory references have either defined the limit value in 3GPP or they have used it as a basis for studies or recommendations.

Table 6.6-2 Summary of regulatory references for BS spurious emissions limits.
	Spurious emissions requirement
	RAN4
TS 25.104 ‎[1]
	Definition 
	Some relevant regulatory references

	General
	6.6.3.1
	ITU-R
SM.329 ‎[4]
	ITU-R M.1580 (Annex 1.4) ‎[2]: Band I limits included. 

ITU-R SM.329‎[4]: 
1.4 Necessary bandwidth

4.1 Reference bandwidths

4.2 Category A limits

4.3 Category B limits

Annex 7. Reference BW (Cat. B) 

ITU-R M.2039 ‎[10]: Limits included by reference. 

ETSI EN 301 908-3 ‎[11]: Category B limits included.

	Co-existence with other bands
	6.6.3.2 to 6.6.3.7
	Developed and defined in 3GPP.
	ITU-R M.1580 (Annex 1.4) ‎[2]: Band I limits included. 

ITU-R. M.2039 ‎[10]: Limits included by reference. 

ETSI EN 301 908-3 ‎[11]: Limits to protect GSM900 and GSM1800 in the same area included. 


6.6.3.1
Mandatory Requirements

6.6.3.1.1
Background for general spurious emissions requirements for UTRA

The general spurious emissions requirements and the corresponding reference bandwidths are taken from ITU-R recommendation SM.329 ‎[4] for both the UE and the BS. The general requirements are considered regional for the BS, since some regions may apply Category A and other Category B. Both are included in the BS specifications.

The spurious emissions requirements in [1] are only applicable for frequencies, which are greater than 12.5 MHz away from the carrier centre frequency. 12.5 MHz is selected as 250% of the necessary bandwidth, as recommended in ITU-R SM.329 ‎[4]. The corresponding limits in [15] are based on the necessary bandwidths for UTRA TDD that also include 1.6 and 10 MHz.
Annex 7 of ITU-R SM.329 ‎[4] allows for a reduced measurement bandwidth to be applied close to the carrier. The reduced measurement bandwidth is in 3GPP interpreted as an increase of the spurious emission limit for the base station in the BS Category B requirements. The interpretation has however been stricter than the ITU-R recommendations when applied in RAN4, since the increased spurious emission limit is only applied in the downlink part of the UMTS operating band plus an additional 10 MHz on each side of the band. This is further described in.

The spurious emissions requirements are included in ITU-R recommendations and M.1580 ‎[2] on IMT-2000 unwanted emissions. They are also included in ETSI harmonised standards ‎[11] and referenced from ITU-R report M.2039 ‎[10] that defines parameters to be used in co-existence studies for all IMT-2000 systems.

6.6.3.1.2 General spurious emissions requirements for LTE

As discussed in clause 6.6.2.2, the definition of “Operating band unwanted emissions” for LTE covers not only the OOB domain, but also the spurious domain inside the operating band, including the 10 MHz of spectrum immediately above and below the operating band. For that reason, there is no need to define spurious emission limits inside the operating band as shown in Figure 6.6.3-1. The implication is that the rule that spurious emissions start at a point separated from the carrier centre by 250% of the necessary bandwidth is not applied. Note however that since parts of the Operating band unwanted emission limits will fall inside the spurious domain, they are bound by the same regulatory limits that define spurious emissions. The operating band unwanted emission limits are further discussed in Clause 6.6.2.2.

Since the spurious emission limits defined here does not cover the frequency range of the spurious domain inside the operating band, they should be named “Spurious emissions outside the operating band”, in order to distinguish them from the definition of spurious emissions in the spurious domain in ITU-R SM.329 [4].
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Figure 6.6.3-1 Defined frequency ranges for spurious emissions and operating band unwanted emissions

Spurious emission limits as defined in ITU-R SM.329‎[4] are divided into several Categories, where Category A and B are applied for 3GPP as regional requirements. The Category A and Category B spurious emission limits in Tables 6.6-3 and 6.6-4 are in line with ITU-R SM.329‎[4]. They would apply outside of the region where the limits for “Operating band unwanted emissions” are defined (operating band plus 10 MHz on each side). Further details on the spurious emission limits and their interpretation for UTRA (and E-UTRA) are given in TR 25.942 [13], clause 14.2.

6.6.3.1.3
Specification of Spurious emissions outside the operating band

The spurious emission limits apply in frequency ranges that are more than 10 MHz below the lowest BS transmitter frequency of the operating band and more than 10 MHz above the highest BS transmitter frequency of the operating band. The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier). It applies for all transmission modes foreseen by the manufacturer's specification.

Table 6.6-3: BS Spurious emission limits outside the operating band, Category A

	Band
	Maximum level
	Measurement Bandwidth
	Note

	9kHz ‑ 150kHz
	-13 dBm
	1 kHz 
	Note 1

	150kHz ‑ 30MHz
	
	10 kHz 
	Note 1

	30MHz ‑ 1GHz
	
	100 kHz
	Note 1

	1GHz ‑ 12.75 GHz
	
	1 MHz
	Note 2

	NOTE 1:
Bandwidth as in ITU-R SM.329 [4] , s4.1

NOTE 2:
Bandwidth as in ITU-R SM.329 [4] , s4.1. Upper frequency as in ITU-R SM.329 [4] , s2.5 table 1


Table 6.6-4: BS Spurious emissions limits outside the operating band, Category B

	Band
	Maximum Level
	Measurement Bandwidth
	Note

	9 kHz ( 150 kHz
	-36 dBm
	1 kHz 
	Note 1 

	150 kHz ( 30 MHz
	-36 dBm
	10 kHz 
	Note 1

	30 MHz ( 1 GHz
	-36 dBm
	100 kHz
	Note 1

	1 GHz ( 12.75 GHz
	-30 dBm
	1 MHz
	Note 2

	NOTE 1:
Bandwidth as in ITU-R SM.329 [4] , s4.1

NOTE 2:
Bandwidth as in ITU-R SM.329 [4] , s4.1. Upper frequency as in ITU-R SM.329 [4] , s2.5 table 1


6.6.3.2
Protection of the E-UTRA FDD BS receiver of own or different BS
This requirement is to protect the receivers of the BSs being desensitised by emissions from a BS transmitter. Assuming 30 dB coupling loss between the Tx and Rx antenna ports, 5 dB noise figure for a Wide Area BS and 0.8 dB desensitization (interferer 7 dB below noise floor), the maximum allowed level is -96 dBm. 

[Requirement for Local Area BS is for further study.]
Table 6.6-5: Wide Area BS Spurious emissions limits for protection of the BS receiver

	Operating Bands
	Base Station class
	Maximum Level
	Measurement Bandwidth
	Note

	All
	Wide Area
	-96 dBm
	100 kHz
	

	All
	Local Area
	[-82 dBm]
	100 kHz
	


<Text will be added.>

6.6.3.3
Co-existence with other systems in the same geographical area

6.6.3.3.1
Background for co-existence requirements for UTRA

The RAN4 specifications define specific BS spurious emission limits for co-existence with a number of systems, including UTRA and GSM in the same and different bands, PHS, TDD and other services in adjacent bands. Co-existence requirements for operation in the same area are regional, but usually mandatory.

Some of the co-existence requirements are referenced or included by external bodies such as ITU-R ‎[2] ‎[10] and ETSI ‎[11] as shown in Table 6.6-2.

<Text will be added.>

6.6.3.4
Co-existence with co-located base stations

<Text will be added.>

6.7
Transmit intermodulation

The transmit intermodulation requirement is a measure of the capability of the transmitter to inhibit the generation of signals in its non linear elements caused by presence of the own transmit signal and an interfering signal reaching the transmitter via the antenna. Source of interfering signals can be either co-located base stations or other transmitter of the own base station with separated antenna connector.

The transmit intermodulation level is the power of the intermodulation products when a E-UTRA modulated interference signal of 5 MHz bandwidth is injected into the antenna connector at a mean power level of 30 dB lower than that of the mean power of the wanted signal. The wanted signal bandwidth shall be the maximum bandwidth supported by the base station. The centre frequency of the interference signal offset from the subject signal carrier centre frequency shall be plus half of the bandwidth of subject signal +2.5 MHz, +7.5 MHz, +12.5 MHz and minus half of the bandwidth of subject signal -2.5 MHz, -7.5 MHz, -12.5 MHz respectively, but exclude interference frequencies that are partially or complete outside of operating frequency band of the base station.

The transmit intermodulation level shall not exceed the limits of out of band emission or the spurious emission in the presence of a E-UTRA modulated interference signal of  5 MHz bandwidth with a mean power level 30 dB lower than the mean power of the wanted signal. The measurement can be limited to frequencies on which third and fifth order intermodulation products appear, considering the width of these products.

6.8
Transmit modulation
6.8.1
EVM

6.8.1.1
Definition


6.8.1.1.1
Measurement system set-up
The measurement system set-up as currently specified in Annex B.1.2 of [24] for measuring UTRA BS EVM, as depicted in Figure 6.8.1.1.1 below, should be used for measuring E-UTRA BS EVM.


[image: image6]
Figure 6.8.1.1.1: Measurement system set up for EVM

6.8.1.1.2
Reference point for measurement

The EVM should be measured at the point after the FFT and a zero-forcing (ZF) equalizer in the receiver, as depicted in Figure 6.8.1.1.2 below [25].


[image: image7]
Figure 6.8.1.1.2: Reference point for EVM measurement
6.8.1.1.3
Basic unit of measurement

Separate EVM requirements should be specified for different modulation schemes. The basic unit of EVM measurement is defined over one subframe ( (1ms for frame structure type 1 and 0.675ms for frame structure type 2 excluding the timeslot interval.) in the time domain and 
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 subcarriers (180kHz) in the frequency domain: [25,26]
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Where

T is the set of symbols with the considered modulation scheme being active within the subframe.

F(t) is the set of subcarriers within the 
[image: image10.wmf]RB
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 subcarriers with the considered modulation scheme being active in symbol t. 
I(t,f) is the ideal signal reconstructed by the measurement equipment in accordance with relevant TX models.

Z*(t,f) is the optimal Z´(t,f), defined below, that minimizes the EVM, i.e. [25,26]
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Note that a resource block consists of 
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 resource elements, corresponding to one 0.5 ms slot (0.5 ms for frame structure type 1 and 0.675ms for frame structure type 2 excluding the timeslot interval) in the time domain and 180 kHz in the frequency domain [27], i.e. the basic unit of EVM measurement is defined over two resource blocks.

6.8.1.1.4
Modified signal under test

To achieve best-fit with the ideal signal I(t,f), the signal under test should be modified with respect to a set of parameters: [25]
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Where
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 is the time domain samples of the signal under test.
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 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal.
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 is the RF frequency offset.
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 is the phase response of the TX-RX chain.
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 is the amplitude response of the TX-RX chain.

6.8.1.1.5
Observation period for sample timing difference and frequency offset

The observation period for determining the sample timing difference 
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 should be specified in the standards to avoid diverging measurement results from different implementations in the measurement equipments. The working assumption is that the observation period should be[one subframe (1ms) for frame structure type 1 and one subframe (0.675ms) for frame structure type 2, excluding the timeslot interval].

6.8.1.1.6
Determination of equalizer coefficients
The working assumptions are that the TX-RX chain equalizer coefficients amplitude and phase responses  
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 used by the ZF equalizer are obtained by using polynomial approximations a 5th order (i.e. 6 coefficients) interpolation function in the frequency domain, and kept constant within a subframe in the time domain. The interpolation function to be used is FFS.
Separate polynomial approximations for the amplitude and phase or, alternatively, on the I/Q representations of the TX-RX chain transfer function should be used (FFS). 

Low-order polynomial approximations of the TX-RX chain transfer function should be used in order to reflect possible exploitation of channel correlation in the frequency domain within the UE channel estimation and limit the amount of BS TX impairments which can be removed by the equalizer. The working assumption is that polynomials of 5th order (6 coefficients) are used for 5 MHz E-UTRA, and the polynomial order for the other E-UTRA BW options are FFS. The exact polynomials to be used are FFS.

The polynomial coefficients are used as optimisation variables within the EVM minimization process. What information in the signal under test and ideal signal (reference signal only or also data symbols) can be used within the measuring equipments for the calculation of the polynomial coefficients and whether this should be specified in the standards are FFS.
6.8.1.1.7
EVM requirements

The EVM requirements should be tested against the RMS average of the EVM measurements over all allocated resource blocks with the considered modulation scheme in the frequency domain, and 10 consecutive subframes (10 ms) for FDD and FFS for TDD in the time domain, i.e. [26]
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Where


Ni is the number of resource blocks with the considered modulation scheme in subframe i.
6.8.1.2
EVM Requirement

Regarding EVM levels appropriate for a general minimum performance requirement for modulation accuracy, contribution ‎[16] provided some analysis including 64QAM 8/9 MCS and MIMO and indicated required average EVM levels in the order 6.5 … 8.5 %, depending on the methodology used of deriving the requirement. The semi-analytical analysis in‎ [23] concluded that an average EVM of 7% would be suitable for LTE 64QAM MCS curves based on a S/N in the range of 14dB to 19dB and 5% Tput loss criteria. Further system simulation results were provided in ‎[22] and concluded that 7 % average EVM will limit the Tput loss for 64QAM modulated RBs to ~5 %. 
Contributions [19][20] considered potential gains in system performance (user Tput) by using a very low EVM (~4 %) for deployment scenarios with a very high selection probability of 64QAM MCS. One example for such a case is partial system loading with a more favourable C/I distribution [19]. As discussed in ‎[17]‎[18], several methods exist for reducing the EVM in such scenarios, however, they all require some form of mitigation against increasing PAPR, e.g. power reduction on RBs, reserving RBs for enabling TR schemes ‎[8]‎[11], not scheduling 64QAM on all RBs simultaneously, etc. 

It is expected that it will not be possible to identify and agree a single “winning” combination of these alternatives which would be optimal for all possible deployment scenarios. The related RAN4 specifications on modulation accuracy for both, a general requirement as well as test specification, would also become very complex if all of the above PAPR related mitigation alternatives would be explicitly supported. This would require e.g. to formulate parameters of the EVM requirements (like EVM % or TX power or # of reserved RBs) as a function of the used 64QAM modulated RBs. 

It is believed that such an approach would not be practical, both from the specification complexity as well as the LTE time schedule point of view. Therefore it is proposed that the RAN4 specifications should not mandate a certain PAPR mitigation approach, but instead leave it to the system vendor to optimise the system performance for special scenarios with high selection probability of 64QAM MCS. However, a general minimum performance requirement for modulation accuracy needs to be set so as to ensure a robust baseline performance of the system and it is believed that based on the above mentioned analysis 7 % [-23 dBc] average EVM is an adequate minimum performance requirement.

However, noting that work on the EVM measurement definition is still ongoing and that there remain uncertainties, some margin should be reserved. A range of  [7 …8 %] EVM is therefore proposed as a working assumption for 64QAM modulated RBs and is subject to finalising work on the definition of the EVM.
 [12.5 %] and [17.5 %] are proposed as minimum performance requirement for 16QAM, respectively QPSK modulated RBs.

When defining UE RX minimum performance demodulation requirements this approach should be taken into account.
<Text will be added.>

7
Receiver characteristics

7.1
General

<Text will be added.>

7.2
Reference sensitivity level

<Text will be added.>

7.3
Dynamic range

<Text will be added.>

7.4
Adjacent Channel Selectivity (ACS)

7.4.1
ACS as specified for UTRA BS

The Adjacent Channel Selectivity (ACS) for the BS was specified in 3GPP together with the ACLR, based on extensive simulations documented in TR 25.942 [13]. As explained in clause 6.6.2.1.1, the parameters are closely linked from a system performance point of view and have been an effective tool in co-existence studies.

Adjacent Channel Selectivity (ACS) = A measure of the receiver ability to receive a wanted signal at is assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the center frequency of the assigned channel. ACS is the ratio of the receiver filter attenuation on the assigned channel frequency to the receiver filter attenuation on the adjacent channel(s).

ACS cannot be directly measured, but is defined by stating a certain receiver performance (BER = 0.001) at a specified data rate, wanted signal mean power and interfering signal mean power, where the interferer is a UTRA signal located on the adjacent channel at 5 MHz spacing. The wanted signal mean power is 6 dB above the reference sensitivity, implying 6 dB degradation (“noise rise”) at the receiver. This does not mean that 6 dB degradation is allowed, it is simply a selected test parameter in order to make the interference impact measurable.

The BS ACS is only defined at a single low input level (at 6dB desensitization), while the UE ACS is defined at both a low input level and a second 27 dB higher input level, in order to capture also the dynamic range requirements of the receiver. 

The selected set of parameters for UTRA FDD BS in TS 25.104 [1] corresponds to an ACS value of 46 dB, assuming a 5 dB noise figure of the BS receiver.

7.4.2 ACS requirement for LTE BS

An ACS requirement can be defined for LTE in a way similar as for UTRA. The main difference is that LTE is defined with multiple bandwidths and there are also interference scenarios with many types of systems with different bandwidths on adjacent channels, in addition to LTE. The scenario for UTRA with narrowband systems on the adjacent channel was covered by a “narrowband blocking requirement” as discussed in clause 7.5. 

The ACS requirement (as well as the UTRA narrowband blocking) fundamentally sets the receiver selectivity of the base station. The limiting situation is an adjacent strong signal, while requirements further off are defined by the blocking requirements. The following two signals are used to define the LTE ACS requirement:

-
A CW signal at a position where the closest possible narrowband signal can occur. This corresponds to the narrowband blocking requirement for UTRA.

-
A wideband signal in an adjacent channel position. The wideband signal is a 5 MHz LTE carrier, independent of the LTE carrier bandwidth. For frequency ranges beyond 5 MHz, the selectivity is defined by the blocking requirement. The main reason to have an ACS test with a wider band signal is not to test a wider part of the selectivity curve, but rather to test the selectivity with a modulated signal. It is from this point of view not of high importance if it is a UTRA or an LTE signal that is used to define the requirement.

Requirements for the wideband interferer case could be defined for both a higher and a lower signal level to cover also receiver behaviour with higher interference levels. The need for such a requirement for the higher signal level is for further study. For bandwidths below 5 MHz, the adjacent channel signal is for further study. 

The requirement should be expressed with one set of parameters defining a requirement for each RF carrier bandwidth. For the wanted signal, the mean power level should be defined together with the data rate and allocation of the service. For the interfering signal, the type of signal should be defined (5MHz LTE signal or CW) together with its mean power level and offset from the wanted signal carrier. 

<Text will be added.>

7.5
Blocking characteristics

<Text will be added.>

7.6
Intermodulation characteristics

<Text will be added.>

7.7
Spurious emissions

<Text will be added.>

8
Performance requirement

<Text will be added.>

Annex A:
Measurement channels

<Text will be added.>

Annex B:
Propagation conditions

<Text will be added.>

Annex C:
Characteristics of the interference signal

<Text will be added.>
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