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Foreword

This Technical Report (TR) 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 purpose of this TR is to summarize the study of radio requirements for the User Equipment (UE) 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]
TD RP-040461: “Proposed Study Item on Evolved UTRA and UTRAN”.

[2]
3GPP TR 21.905: “Vocabulary for 3GPP Specifications”. 

[3]
3GPP TR 25.913: “Requirements for Evolved UTRA and UTRAN”.

[4]
3GPP TR 25.912; “Feasibility Study for Evolved UTRA and UTRAN”.

[5]
3GPP TR 25.813: “Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Radio interface protocol aspects”.
[5]
3GPP TR 25.814: “Physical Layer Aspects for Evolved UTRA”.
[6]
ETSI ETR 273: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Improvement of radiated methods of measurement (using test sites) and evaluation of the corresponding measurement uncertainties; Part 1: Uncertainties in the measurement of mobile radio equipment characteristics; Sub-part 2: Examples and annexes".

[7] 3GPP TS 25.101 V7.3.0 (2006-03), “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; User Equipment (UE) radio transmission and reception (FDD) (Release 7)”. 
[8] Recommendation ITU-R M.1581-1, “Generic unwanted emission characteristics of mobile stations using the terrestrial radio interfaces of IMT-2000”.

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

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

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

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

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

[14] 
“Sharing and Adjacent Band Compatibility between UMTS/IMT-2000 in the Band 2500-2690 MHz and Other Services”, ECC Report 045, Granada, February 2004.

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

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

[17] ETSI EN 301 908-2 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 2: Harmonized EN for IMT-2000, CDMA Direct Spread (UTRA FDD) (UE) covering essential requirements of article 3.2 of the R&TTE Directive”.

[18] 
Recommendation ITU-R SM.1541, “Unwanted emissions in the out-of-band domain”.
[19] <Used in other TP> 

[20] R4-070263, “Proposal on LTE ACLR requirements for UE”, NTT DoCoMo et.al,.
[21] 3GPP TS 25.102 V7.2.0 (2006-03), “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; User Equipment (UE) radio transmission and reception (TDD) (Release 7)”.

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

<defined term> : <definition>.
3.2
Symbols

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

<symbol>
<Explanation>

3.3
Abbreviations

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

aGW
E-UTRAN Access Gateway

ARQ
Automatic Repeat Request

AS
Access Stratum

BS
E-UTRAN Base Station

CN
Core Network

DL
Downlink

E-UTRA
Evolved Universal Terrestrial Radio Access

E-UTRAN
Evolved Universal Terrestrial Radio Access Network
HARQ
Hybrid Automatic Repeat Request

HO
Handover

L1
Layer 1 (physical layer)

L2
Layer 2 (data link layer)

L3
Layer 3 (network layer)

MAC
Medium Access Control 

NAS
Non-Access Stratum

PDCP
Packet Data Convergence Protocol

PDU
Protocol Data Unit

RLC
Radio Link Control

RRC
Radio Resource Control

SDU
Service Data Unit

TCH
Traffic Channel

UE
User Equipment

UL
Uplink

UMTS
Universal Mobile Telecommunications System

UTRA
UMTS Terrestrial Radio Access

UTRAN
UMTS Terrestrial Radio Access Network

Other abbreviations used in the present document are listed in 3GPP TR 21.905 [2].
4
General

4.1
Relationship between Minimum Requirements and Test Requirements
The Minimum Requirements given in this specification make no allowance for measurement uncertainty. The test specification 34.121 Annex F defines Test Tolerances. These Test Tolerances are individually calculated for each test. The Test Tolerances are used to relax the Minimum Requirements in this specification to create Test Requirements.

The measurement results returned by the test system are compared – without any modification - against the Test Requirements as defined by the shared risk principle.
The Shared Risk principle is defined in ETR 273 Part 1 sub-part 2 section 6.5.

5
Frequency bands and channel arrangement

5.1
General

<Text will be added>
5.2
Frequency bands

<Text will be added>
5.3
TX–RX frequency separation

<Text will be added>
5.4
Channel arrangement

<Text will be added>

5.4.1
Channel spacing

<Text will be added>
5.4.2 Channel raster

<Text will be added>

5.4.3
Channel number

<Text will be added>

5.4.4
EARFCN

<Text will be added>

6
Transmitter characteristics

6.1
General

Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE. For UE with integral antenna only, a reference antenna with a gain of 0 dBi is assumed. 
6.2
Transmit power

6.2.1
Maximum Output Power (MOP) 
The maximum output powers defined in Table 6.2.1is the broadband transmit power of the UE, i.e. the power in a bandwidth of at least (1+x times the channel bandwidth of the radio access mode. 

Table 6.2.1: Maximum Output Power (MOP)

	MOP Class
	Power

(dBm)
	Tolerance

(dB)

	1
	[+30]
	

	2
	[+27]
	

	3
	[+24]
	+1/-3 dB

	4
	[+21]
	


6.2.2
 Maximum Output Power (MOP) UE class
The following Power Classes defines the nominal maximum output power. The nominal power defined is the broadband transmit power of the UE, i.e. the power in a bandwidth of at least (1+x) times the channel bandwidth of the radio access mode. The period of measurement shall be at least one [timeslot/ frame/TTI]. The modulation is QPSK

Table 6.2.2: MOP UE Class

	Operating band
	MOP Class 1
	Tol..
	MOP Class 2
	Tol.
	MOP Class 3
	Tol.
	MOP Class 4
	Tol.

	
	(dBm)
	(dB)
	(dBm)
	(dB)
	(dBm)
	(dB)
	(dBm)
	(dB)

	I
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	II
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	III
	 
	 
	 
	 
	[22]
	+/-2
	 
	 

	IV
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	VI
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	VII
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	VIII
	 
	 
	 
	 
	[22]
	+/-2
	 
	 

	X
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	IX
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	V
	 
	 
	 
	 
	[23]
	+/-2
	 
	 

	Note

1) The nominal maximum power is for ≤[8] resources blocks for 5MHz 

2) Bandwidth options for <> 5MHz is FFS    


6.2.3
Maximum Power Reduction (MPR)
The Maximum Power Reduction (MPR) due to modulation and resource block allocation for the MOP UE Class defined in 6.2.2 is specified in table 6.2.3A
Table 6.2.3A: Maximum Power Reduction (MPR)

	UE transmit channel configuration 
	Bandwidth

(MHz)
	MPR

(dB)

	modulation
	RB allocation
	
	

	QPSK
	> [8]
	[5, 10, 15, 20]
	[1]

	16 QAM
	≤ [8]
	[5, 10, 15, 20]
	[1]

	16 QAM
	> [8]
	[5, 10, 15, 20]
	[2]


The additional Maximum Power Reduction (MPR) due ALCR2 defined in Table 6.2.2 and Table 6.2.3A is specified in table 6.2.3B. This requirement is only applicable for 10, 15 and 20MHz bandwidth option for the 2nd adjacent channel or ALCR2 for 5MHz adjacent channel deployment

Table 6.2.3B: Maximum Power Reduction (MPR) due to ACLR2
	UE transmit channel configuration 

modulation
	ACLR2

(dB/3.84MHz)
	MPR

(dB)

	QPSK and 16QAM
	]36] 
	[0]

	QPSK and 16QAM
	[43]
	[2.5 – 3.0]



6.3
Frequency Error

<Text will be added>

6.4
Output power dynamics

<Text will be added>

6.4.1
Power control

<Text will be added>
6.4.2
Minimum output power

<Text will be added>
6.4.3
Transmit ON/OFF power

6.4.4
Out-of-synchronization handling of output power

<Text will be added>

6.5
Control and monitoring functions

<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 ‎‎[10] and the Radio Regulations ‎[11]. 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 ‎[9] and ITU-R Radio Regulations ‎[11]:

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%. ‎[9] ‎[11]

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 UE in RAN4 specifications.

6.6.2
Out of band emission

Out of band emissions are unwanted emissions immediately outside the nominal channel resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission limit is specified in terms of a spectrum emission mask and Adjacent Channel Leakage power Ratio.

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

The core requirements for out-of band emissions are specified for the UE in TS 25.101‎[7] and TS25.102[21]. The corresponding test requirements are in TS 34.121. 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 UE. 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 UE requirements
	Requirement
	RAN4
TS 25.101 ‎[7]
	Definition 
	Some relevant regulatory references

	Occupied bandwidth
	6.6.1
	ITU-R
SM.328
(1.13) ‎[9]
	ITU Radio Regulations No. S1.153 ‎[11]

	Spectrum emission mask
	6.6.2.1
	ITU-R
SM.1541 ‎[18]

Limits fined in 3GPP ‎[7]
	ITU-R M.1581 (Annex 1.2) ‎[8]: Band I limits included.

FCC Title 47 part 24.238 ‎[12]: Band II limits.
FCC Title 47 part 27.53 ‎[12] Band IV limits.
FCC Title 47 part 22.917 ‎[12]: Band V limits.

ERC Report 65 ‎[13]: Based on Band I limits.
ECC Report 045 ‎[14]: Based on Band VII limits.
ECC Report 082 ‎[15]: Based on Band III and VIII limits. 

ETSI EN 301 908-2 ‎[17]: Limits included.

	ACLR
	6.6.2.2
	ITU-R
SM.1541 ‎[18]

Limits defined in 3GPP ‎[7]
	ITU-R M.1581 (Annex 1.3) ‎[8]: Band I limits included.
ITU-R M.2039 ‎[16]: ACLR limits included.

ERC Report 65 ‎[13]: Based on Band I limits.
ECC Report 045 ‎[14]: Based on Band VII limits.
ECC Report 082 ‎[15]: Based on Band III and VIII limits. 

ETSI EN 301 908-2 ‎[17]: Limits included.


6.6.2.1.1
UE Spectrum emission mask as specified in UTRA

ITU-R SM.328 ‎[9] and SM.1541 ‎[18] 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 UE in RAN4 specifications specify such limits of emissions, based on a necessary bandwidth of 5 MHz (+/-l 2.5 MHz from the carrier centre frequency). No limits are specified inside the necessary bandwidth. 

For Band I the masks are also included in the ITU-R recommendation M.1581 ‎[8] 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 ‎[12] for Bands II, IV and V.

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 ‎[13] ‎[14] ‎[15]. These reports were partly developed in co-operation with 3GPP.

The UTRA UE mask ‎[7] is defined from 2.5 MHz to 12.5 MHz from the UE carrier centre frequency. 12.5 MHz is selected as 250% of the necessary bandwidth, as recommended in ITU-R SM.329 ‎[10]. The mask is defined with a 30 kHz resolution in the first MHz and with a 1 MHz resolution beyond that point. The mask is expressed in dBc, with an additional absolute limit.

The UE spectrum mask for the UE is mandatory in RAN4 specifications, to allow for global circulation of terminals. 

6.6.2.1.2
ACLR as specified in UTRA

ITU-R SM.1541 ‎[18] 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 ‎[13] ‎[14] ‎[15].  For Band I, ACLR is also included in the ITU-R recommendations M.1581 ‎[8] on IMT-2000 unwanted emissions. It is also included in ITU-R report M.2039 ‎[16] 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 5 MHz WCDMA 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
UE Spectrum emissions mask for LTE

LTE should have a spectrum emissions mask requirements (SEM) defined for the UE, 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 [12] which apply mainly in Region 2 should be defined separately as an absolute limit and may need a smaller measurement bandwidth in some cases. They apply for bands II, IV, V and X as additional limits.

· For the larger carrier bandwidths, the OOB domain will stretch outside the operating band. Emission limits must then be set carefully considering co-existence with adjacent band systems.

· Separate spectrum emission mask definitions are needed for each LTE RF carrier bandwidth.

· The masks should be illustrated with a common figure illustrating the shape and the break points of the mask, with each break point identified A, B, etc. These break points can then easily be referenced the tables.

6.6.2.2.1
UE Spectrum emissions mask requirement specification

The Spectrum emissions mask requirements will apply for frequencies that are closer to Fc than 250% of the necessary bandwidth of LTE. Frequencies that are separated from the carrier frequency Fc by more than 250% of the necessary bandwidth are part of the spurious domain, where the spurious emission limits apply as described in Clause 6.6.3. The necessary bandwidth is taken to be equal to the RF bandwidth of the LTE carrier.
The principle for the Spectrum emissions mask is shown in Figure 6.6.2-1. The complete mask will be in the out-of-band domain. 

Table 6.6.2-2: Definition of Out-of-band domain

	RF Bandwidth
	Out-of-band domain

	20 MHz
	Fc – 50 MHz  to Fc + 50 MHz

	15 MHz
	Fc – 37.5 MHz  to Fc + 37.5 MHz

	10 MHz
	Fc – 25 MHz  to Fc + 25 MHz

	5 MHz
	Fc – 12.5 MHz  to Fc + 12.5 MHz

	[Y MHz]
	[Fc – 2.5Y MHz  to F + 2.5Y MHz]

	[X MHz]
	[Fc – 2.5X MHz  to F + 2.5X MHz]

	[1.6 MHz]
	[Fc – 4.0 MHz  to F + 4.0 MHz]

	Note: Fc is the centre frequency of the carrier
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Figure 6.6.2-1 Defined frequency range for Spectrum emissions mask with an example RF carrier and related mask shape (actual limits are TBD).

6.6.2.3
UE 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 operating 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 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 and for at least 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 UE 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 UE 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 UE ACLR for adjacent LTE carriers (paired spectrum)
	E-UTRA

Assigned BW (MHz)
	ALCR limit for 1st Adjacent channel relative to assigned channel frequency [dB]

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

	X
	ACLR 1
	[33]
	[30]
	-
	-
	-
	-
	-

	
	ACLR 2
	[36-43]
	[TBD]
	-
	-
	-
	-
	-

	Y
	ACLR 1
	[33]
	-
	[30]
	-
	-
	-
	-

	
	ACLR 2
	[36-43]
	-
	[TBD]
	-
	-
	-
	-

	5
	ACLR 1
	[33]
	-
	-
	[30]
	-
	-
	-

	
	ACLR 2
	[36-43]
	-
	-
	[TBD]
	-
	-
	-

	10
	ACLR 1
	[33]
	-
	-
	-
	[30]
	-
	-

	
	ACLR 2
	[36-43]
	-
	-
	-
	[TBD]
	-
	-

	15
	ACLR 1
	[33]
	-
	-
	-
	-
	[30]
	-

	
	ACLR 2
	[36-43]
	-
	-
	-
	-
	[TBD]
	-

	20
	ACLR 1
	[33]
	-
	-
	-
	-
	-
	[30]

	
	ACLR 2
	[36-43]
	-
	-
	-
	-
	-
	[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 UE ACLR for adjacent LTE carriers (unpaired spectrum assuming a synchronized operation)
	E-UTRA

Assigned BW (MHz)
	ALCR limit for 1st 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
	[33]
	[30]
	-
	-
	-
	-

	
	ACLR2
	
	
	
	[TBD]
	-
	-
	-
	-

	5
	ACLR1
	[33]
	[33]
	[33]
	-
	[30]
	-
	-
	-

	
	ACLR2
	
	
	
	-
	[TBD]
	-
	-
	-

	10
	ACLR1
	[33]
	[33]
	[33]
	-
	-
	[30]
	-
	-

	
	ACLR2
	
	
	
	-
	-
	[TBD]
	-
	-

	15
	ACLR1
	[33]
	[33]
	[33]
	-
	-
	-
	[30]
	-

	
	ACLR2
	
	
	
	-
	-
	-
	[TBD]
	-

	20
	ACLR1
	[33]
	[33]
	[33]
	-
	-
	-
	-
	[30]

	
	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 pointed out in [20] that an LTE UEs 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. Maximum power reduction should be applied to a UE, in case the LTE UE cannot meet the current UTRA absolute adjacent power limit effectively.
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 centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. 
6.6.3
Spurious emissions

Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions.

Spurious emissions are defined in ITU-R Radio Regulations ‎[11] and SM.329 ‎[10].

The core requirements for spurious emissions are specified for the UE in TS 25.101 ‎[7] and TS25.102[21]. The corresponding test requirements are in TS 34.121 and TS 34.122.

References for the spurious emissions requirements are summarised in Table 6.1for the UE. 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 6.6.3-1 Summary of regulatory references for UE spurious emissions limits

	Spurious emissions requirement
	RAN4
TS 25.101 ‎[7]
	Definition 
	Some relevant regulatory references

	General
	6.6.3.1 Table 6.12
	ITU-R
SM.329 ‎[10]
	ITU-R M.1581 (Annex 1.4) ‎[8]: Band I limits included.

ITU-R SM.329 ‎[10]: 
1.4 Necessary bandwidth

4.1 Reference bandwidths

4.3 Category B limits

ITU-R M.2039 ‎[16]: Limits included by reference. 

ETSI EN 301 908-2 ‎[17]: Limits included.

	Co-existence with other bands
	6.6.3.1 Table 6.13
	Developed and defined in 3GPP ‎[7]
	ITU-R. M.1581 (Annex 1.4) ‎[8]: Band I limits included. 

ITU-R M.2039 ‎[16]: Limits included by reference.

ETSI EN 301 908-2 ‎[17]: Limits to protect GSM900 and GSM1800 are included. 


6.6.3.1
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 ‎[10] for both the UE and the BS. The stricter Category B requirements were selected for the UE, to allow for global circulation of terminals.

The requirements are only applicable for frequencies, which are  separated more than  250% of the necessary bandwidth from the carrier, as recommended in ITU-R SM.329 ‎[10].

The spurious emissions requirements are included in ITU-R recommendations M.1581 ‎[8] on IMT-2000 unwanted emissions. They are also included in ETSI harmonised standards ‎[17] and referenced from ITU-R report M.2039 ‎[16] that defines parameters to be used in co-existence studies for all IMT-2000 systems.

6.6.3.2
Background for additional spurious emissions requirements for UTRA

The RAN4 specifications define specific UE 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.

Some of the co-existence requirements are referenced or included by external bodies such as ITU-R ‎[8] ‎[16] and ETSI ‎[17] as shown in Table 6.1.
6.6.3.3 Spurious emission requirements for LTE

6.6.3.3.1
General spurious emissions requirements

In the same way as was described for UTRA in clause 6.6.3.1, general spurious emission requirements based on ITU-R SM.329 [10] will be needed. Spurious emission limits as defined in ‎[10] are divided into several Categories, where Category A and B are taken into 3GPP requirements. Since UEs are intended for global circulation, there cannot be any regional requirement and the stricter Category B limits will apply. 
The requirements will apply for frequencies that are separated from the carrier frequency Fc by more than 250% of the necessary bandwidth of LTE. Frequencies that are closer to Fc than 250% of the necessary bandwidth are part of the Out-of-band domain, where the out-of-band limits apply as described in Clause 6.6.2. The necessary bandwidth is taken to be equal to the RF bandwidth of the LTE carrier.
The requirements in Table 6.6.3-2 are only applicable for frequencies, which are outside the out-of-band domain as defined in Table 6.6.2-2.

Table 6.6.3-2: General spurious emissions requirements

	Frequency Bandwidth
	Measurement Bandwidth
	Minimum requirement

	9 kHz ( f < 150 kHz
	1 kHz
	-36 dBm

	150 kHz ( f < 30 MHz
	10 kHz
	-36 dBm

	30 MHz ( f < 1000 MHz
	100 kHz
	-36 dBm

	1 GHz ( f < 12.75 GHz
	1 MHz
	-30 dBm


6.6.3.3.2
Additional spurious emissions requirements

Fundamentally, the requirements to co-exist with systems in other bands are the same for LTE as for UTRA. The additional spurious emissions limits in Table 6.13 of TS 25.101 [7] can therefore be re-used for LTE to a large extent. The limits for band VIII (900 MHz) do however have two exceptions for the 2nd and 3rd order harmonics that may fall into band III (1800 MHz) and VII (2600 MHz). These exceptions may be modified taking the wider bandwidth LTE carriers into account. The spurious emission limit for co-existence with other bands in the UE-to-UE interference scenario should also be reviewed.

[Detailed requirements TBD]
6.7
Transmit intermodulation

The transmit intermodulation performance 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 wanted signal and an interfering signal reaching the transmitter via the antenna.

6.8
Transmit modulation

Transmit modulation defines the modulation quality for expected in-channel RF transmissions from the UE 
7
Receiver characteristics

7.1
General

 Unless otherwise stated the receiver characteristics are specified at the antenna connector of the UE. For UE(s) with an integral antenna only, a reference antenna with a gain of 0 dBi is assumed. UE with an integral antenna may be taken into account by converting these power levels into field strength requirements, assuming a 0 dBi gain antenna
7.2
Diversity characteristics

<Text will be added>
7.3
Reference sensitivity level

<Text will be added>
7.4
Maximum input level

<Text will be added>
7.5
Adjacent Channel Selectivity (ACS)

7.5.1
ACS as specified for UTRA UE

The Adjacent Channel Selectivity (ACS) for the UE was specified in 3GPP together with the ACLR, based on extensive simulations documented in TR 25.942 [19]. 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 DPCH_Ec, Îor and Ioac, where Ioac is the power of a UTRA interfering signal located on the adjacent channel. The wanted signal mean power is 14 dB and 41 dB above the reference sensitivity. This does not mean that 14 dB or 41 dB degradation is allowed, those are simply selected test parameters in order to make the interference impact measurable. The reason that both a set of lower and higher input level parameters are selected for the requirement is to capture the dynamic range requirements of the receiver. Further details of how the requirement is derived can be found in clause 8.1.5 of TR 25.942 [19].

The selected set of parameters for UTRA FDD UE in TS 25.101 [7] and for UTRA TDD UE in TS 25.102 [21] corresponds to an ACS value of 33 dB, assuming a 9 dB noise figure of the UE receiver.
7.5.2
ACS requirement for LTE UE

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 7.6.

The ACS requirement (as well as the UTRA narrowband blocking) fundamentally sets the receiver selectivity of the UE. 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 are defined for both a higher and a lower signal level to cover receiver dynamics. The points to set ACS parameters for are defined in Table 7.5-1. 

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. For bandwidths below 5 MHz, the adjacent channel signal is for further study.

For the larger RF carrier bandwidths, levels and spacing to the CW signal are for further study. For these cases, the service should be defined not to be on the edge resource blocks. 

7.6
Blocking characteristics

The blocking characteristic is a measure of the receiver’s ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the adjacent channels, without this unwanted input signal causing a degradation of the performance of the receiver beyond a specified limit. The blocking performance shall apply at all frequencies except those at which a spurious response occur.
7.6.1
In-band blocking

<Text will be added>
7.6.2
Out of-band blocking

<Text will be added>
7.6.3
Narrow band blocking

<Text will be added>

7.7
Spurious response

<Text will be added>
7.8
Intermodulation characteristics

Third and higher order mixing of the two interfering RF signals can produce an interfering signal in the band of the desired channel. Intermodulation response rejection is a measure of the capability of the receiver to receiver a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal. 

7.9
Spurious emissions

The spurious emissions power is the power of emissions generated or amplified in a receiver that appear at the UE antenna connector
8
Performance requirement

8.1
General

<Text will be added>

.

Annex A (normative): 
Measurement channels 

A.1
General

<Text will be added>
A.2
UL reference measurement channels

<Text will be added>
A.3
DL reference measurement channels

<Text will be added>
Annex B (normative): 
Propagation conditions

B.1
General
<Text will be added>
B.2
Propagation channels
<Text will be added>
B.2.1
Static propagation condition

<Text will be added>
B.2.2
Multi-path fading propagation conditions

<Text will be added>
Annex C (normative): 
Downlink Physical Channels 

C.1
General

<Text will be added>
C.2
Set-up
<Text will be added>

C.3
Connection 
<Text will be added>

Annex D (normative): 
Characteristics of the interfering signal

D.1
General

<Text will be added>
D.2
Interference signals
<Text will be added>

Annex E (informative): 
EARFCN numbers

E.1
General

<Text will be added>
E.2
List of EARFCN 
Annex F (normative): 
Environmental conditions

F.1
General
This normative annex specifies the environmental requirements of the UE. Within these limits the requirements of the present documents shall be fulfilled.
F.2
Environmental
The requirements in this clause apply to all types of UE(s).

F.2.1
Temperature

The UE shall fulfil all the requirements in the full temperature range of:

Table D.1

	+15(C to +35(C
	for normal conditions (with relative humidity of 25 % to 75 %)

	-10(C to +55(C
	for extreme conditions (see IEC publications 68‑2‑1 and 68‑2‑2)


Outside this temperature range the UE, if powered on, shall not make ineffective use of the radio frequency spectrum. In no case shall the UE exceed the transmitted levels as defined in clause 6.2 for extreme operation.

F.2.2
Voltage

The UE shall fulfil all the requirements in the full voltage range, i.e. the voltage range between the extreme voltages.

The manufacturer shall declare the lower and higher extreme voltages and the approximate shutdown voltage. For the equipment that can be operated from one or more of the power sources listed below, the lower extreme voltage shall not be higher, and the higher extreme voltage shall not be lower than that specified below.

Table D.2

	Power source
	Lower extreme

voltage
	Higher extreme

voltage
	Normal conditions

voltage

	AC mains
	0,9 * nominal
	1,1 * nominal
	nominal

	Regulated lead acid battery
	0,9 * nominal
	1,3 * nominal
	1,1 * nominal

	Non regulated batteries:

Leclanché / lithium

Mercury/nickel & cadmium
	0,85 * nominal

0,90 * nominal
	Nominal

Nominal
	Nominal

Nominal


Outside this voltage range the UE if powered on, shall not make ineffective use of the radio frequency spectrum. In no case shall the UE exceed the transmitted levels as defined in clause 6.2 for extreme operation. In particular, the UE shall inhibit all RF transmissions when the power supply voltage is below the manufacturer declared shutdown voltage.

F.2.3
Vibration

The UE shall fulfil all the requirements when vibrated at the following frequency/amplitudes.

Table D.3

	Frequency
	ASD (Acceleration Spectral Density) random vibration

	5 Hz to 20 Hz
	0,96 m2/s3

	20 Hz to 500 Hz
	0,96 m2/s3 at 20 Hz, thereafter –3 dB/Octave


Outside the specified frequency range the UE, if powered on, shall not make ineffective use of the radio frequency spectrum. In no case shall the UE exceed the transmitted levels as defined in TS 25.101 for extreme operation
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