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6
Transmitter characteristics

6.1
General

Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with a single transmit antenna. 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 Power (MOP) defined in Table 6.2.1-1is the broadband transmit power of the UE, i.e. the power in a bandwidth of at least (1+x times the channel bandwidth for all the Transmit bandwidth configurations (Resources Block)
Table 6.2.1-1: Maximum Output Power (MOP)

	Class 
	Power              (dBm)
	Tolerance           (dB)

	1
	[+30]
	

	2
	[+27]
	

	3
	[+23]
	 +/-2 dB]

	4
	[+21]
	


6.2.2
 UE Power class
The following Power Classes defines the Nominal Maximum Output power. The nominal Maximum Output 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]. 

Table 6.2.2-1: UE Power Class

	E-UTRA Band
	Class 1 (dBm)
	Tol. (dB)
	Class 2 (dBm)
	Tol.   (dB)
	Class 3 (dBm)
	Tol.     (dB)
	Class 4 (dBm)
	Tol.    (dB)

	1
	
	
	
	
	[23]
	[+/-2]
	
	

	2
	
	
	
	
	[23]
	[+/-2]
	
	

	3
	
	
	
	
	[23]
	[+/-2]
	
	

	4
	
	
	
	
	[23]
	[+/-2]
	
	

	5
	
	
	
	
	[23]
	[+/-2]
	
	

	6
	
	
	
	
	[23]
	[+/-2]
	
	

	7
	
	
	
	
	[23]
	[+/-2]
	
	

	8
	
	
	
	
	[23]
	[+/-2]
	
	

	9
	
	
	
	
	[23]
	[+/-2]
	
	

	10
	
	
	
	
	[23]
	[+/-2]
	
	

	11
	
	
	
	
	[23]
	[+/-2]
	
	

	12
	
	
	
	
	[23]
	[+/-2]
	
	

	13
	
	
	
	
	[23]
	[+/-2]
	
	

	14
	
	
	
	
	[23]
	[+/-2]
	
	

	...
	
	
	
	
	
	
	
	

	33
	
	
	
	
	[23]
	[+/-2]
	
	

	34
	
	
	
	
	[23]
	[+/-2]
	
	

	35
	
	
	
	
	[23]
	[+/-2]
	
	

	36
	
	
	
	
	[23]
	[+/-2]
	
	

	37
	
	
	
	
	[23]
	[+/-2]
	
	

	38
	
	
	
	
	[23]
	[+/-2]
	
	


The transmission bandwidth configuration (Resources Blocks) for maximum output power specified in Table 6.2.2-1 is defined in Table 6.2.2-2 below for QPSK modulation

Table 6.2.2-2: UE Power Class / channel bandwidth / transmission configuration
	UE   Power Class
	Channel bandwidth / Transmission bandwidth configuration [RB]

	
	1.4 MHz
	1.6 MHz
	3 MHz
	3.2 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	3
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ [8] 
	≤ [16]
	≤ [24]
	≤ [32]

	4
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6.3
Frequency Error

The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one subframe (1ms) for generic frame structure type 1 and one subframe (0.675ms) for frame structure type 2 excluding the guard period (Cyclic prefix).
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.

E-UTRA requirement 
The UE transmitter spectrum emission consists of the three components; the occupied bandwidth (channel bandwidth), the Out Of Band (OOB) emissions and the far out spurious emission domain.

Figure 6.6-1: Transmitter RF spectrum
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6.6.1
Occupied bandwidth

UTRA Background

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.
E-UTRA requirements
Occupied bandwidth is a measure of the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel 

The occupied channel bandwidth for all transmission bandwidth configurations (Resources Blocks) should be less than the channel bandwidth specified in Table 6.6.1.1-1

Table 6.6.1.1-1: Occupied channel bandwidth
	Occupied channel bandwidth / channel bandwidth

	Channel bandwidth [MHz]
	1.4
	1.6
	3
	3.2
	5
	10
	15
	20

	Nominal Transmission bandwidth configuration [Resource Blocks]
	6
	7
	15 
	16
	25
	50
	75
	100


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.

UTRA Background

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.


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. 
E-UTRA Background 
E-UTRA 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.

· 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.
· The spectrum emission mask applies to frequencies (ΔfOOB) starting from the edge of the assigned E-UTRA channel bandwidth.  For frequencies greater than (ΔfOOB) for each channel bandwidth the spurious requirements are applicable. 
· In the proposed spectrum mask no attempt is made to tailor the shape of the spectrum mask to the transmitter emission for two reasons. A shaped mask would have difficulty in support the different channel bandwidth and RB locations. The “shaped aspect” would be addressed by the ALCR requirement. In this case we avoid the need to integrate the area under the mask to derive the ACLR as this is specified separately 
· The proposed general mask figure 6.6.2.1-1 is based on the following; 
· The spectrum emission scales with number of resources blocks.

· The emission offset of the 1st RB and subsequent RB change with the different channel bandwidth. This is due to the difference in necessary bandwidth and range from 160 KHz for the 1.4 MHz channel bandwidth to 1 MHz for the 20MHz channel bandwidth.  This affect would be of significant for regulatory requirements in the 0- 1 MHz region (FCC requirements). 

· A worst case scenario i.e. RB is allocated from edge of channel bandwidth is assumed. This worst case assumption is based on a non-intelligent network scheduler. If a scheduler can allocate RB based on spectrum mask, then it possible for mid range RB allocations (25-75) to be scheduled from the centre of the channel bandwidth to minimize the spectrum emission into the adjacent channels. This has a profound impact in addressing some regulatory requirements. So in this case we need the mask should support both a non intelligent scheduler (assuming RB start from channel edge) and an intelligence scheduler (RB start from centre of channel) which would could provide better system performance as the MPR/A-MPR could be reduced.  Note, the analysis assumes a non-intelligent scheduler which is based on worst case (RB start from channel edge)

· The ΔfOOB boundary between the out of band and spurious emission domain scale with channel bandwidth 

Figure 6.6.2.1 -1:  Regulatory mask and proposed E-UTRA masks
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· For those cases where the regulatory requirements are not met with the general mask (OOB and spurious emission) this is addressed in terms of new requirement and will need an “Additional spectrum emission requirement” which is not the case for the proposed general mask. 
· RACH emission requirements are FFS

6.6.2.1
E-UTRA Spectrum emission mask

The spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the edge of the assigned E-UTRA channel bandwidth.  For frequencies greater than (ΔfOOB) as specified in Table 6.6.2.1-1 the spurious requirements in clause 6.6.3 are applicable

Table 6.6.2.1 -1:  ΔfOOB boundary between E-UTRA out of band and spurious emission domain
	Channel bandwidth 
	1.4 [MHz] 
	1.6 [MHz]
	3 [MHz]
	3.2 [MHz]
	5 [MHz]
	10 [MHz]
	15 [MHz]
	20 [MHz]

	ΔfOOB  (MHz)
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[10]
	[15]
	[20]
	[25]


6.6.2.1.1 General requirement  

The power of any UE emission shall not exceed the levels specified in Table 6.6.2.1.1-1 for the specified channel bandwidth
Table 6.6.2.1.1-1: General E-UTRA spectrum emission mask 

	ΔfOOB  (MHz)
	Spectrum emission limit (dBm/100 KHz reference bandwidth  / Channel bandwidth  
	Measurement bandwidth **

	
	1.4    MHz
	1.6    MHz
	3.0       MHz
	3.2 MHz
	5       MHz
	10  MHz
	15     MHz
	20    MHz
	

	0-1
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[-10] 
	[-13] 
	[-15] 
	[-16] 
	100 kHz 

	1-2.5
	[-20]
	[-20]
	[-20]
	[-20]
	[-20]
	[-20]
	[-20]
	[-20] 
	1 MHz

	2.5-5
	[-35]
	[-35]
	[-20]
	[-20]
	[-20]
	[-20]
	[-20]
	[-20] 
	1 MHz

	5-6
	
	
	[-35]
	[-35]
	[-23]
	[-23]
	[-23]
	[-23]
	1 MHz

	6-10
	
	
	
	
	[-35]
	[-23]
	[-23] 
	[-23] 
	1 MHz

	10-15
	
	
	
	
	
	[-35]
	[-23]
	[-23] 
	1 MHz

	15-20
	
	
	
	
	
	
	[-35]
	[-23]
	1 MHz

	20-25
	
	
	
	
	
	
	
	[-35]
	1 MHz


Note**
: When the reference bandwidth is larger than the measurement bandwidth specified the measured results should be integrated over the reference bandwidth in order to obtain the equivalent noise bandwidth of the reference bandwidth. Conversely when the reference bandwidth is smaller than the measurement bandwidth, the measured result should be integrated over the measurement bandwidth and the results converted to required reference bandwidth 

6.6.2.1.2
Additional requirement
E-UTRA Background
Currently 3 additional requirements are suggested. These are for spectrum emission mask A (FCC E-UTRA band 2), spectrum emission mask B (FCC band X) and spectrum mask C (10MHz channel need to meet a 5 MHz channel OOB and spurious emission limit). This requirement can be specified in terms of an “additional spectrum emission” requirement. 

6.6.2.1.2.1
Spectrum emission mask A
This clause specifies the additional requirements signalled by the network for E-UTRA band {2, 4, and 10}. 

The power of any UE emission shall not exceed the levels specified in Table 6.6.2.1.2-1. 

Table 6.6.2.1.2.1-1: Additional requirements (FCC OOB)

	ΔfOOB  (MHz)
	Channel bandwidth  / Spectrum emission limit (dBm/100 KHz reference bandwidth)
	Measurement bandwidth **

	
	1.4    MHz
	1.6    MHz
	3.0       MHz
	3.2 MHz
	5       MHz
	10  MHz
	15     MHz
	20    MHz
	

	1-2.5
	[-23]
	[-23]
	[-23]
	[-23]
	[-23]
	[-23]
	[-23]
	[-23] 
	1 MHz

	2.5-5
	[-23]
	[-23]
	[-23]
	[-23]
	[-23]
	[-23]
	[-23]
	[-23] 
	1 MHz


Note**
: When the reference bandwidth is larger than the measurement bandwidth the measured results should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth. Conversely when the reference bandwidth is smaller than the measurement bandwidth, the measured result should be integrated over the measurement bandwidth and the results converted to required reference bandwidth as specified in above table 

6.6.2.1.2.2
Spectrum emission mask B
This clause specifies the additional requirements signalled by the network for E-UTRA band {TBD}.

 The power of any UE emission shall not exceed the levels specified in Table 6.6.2.1.2.2-1. 

	Table 6.6.2.1.2.2-1: Additional requirements (FCC OOB)

ΔfOOB  (MHz)
	Channel bandwidth  / Spectrum emission limit (dBm/100 KHz reference bandwidth)
	Measurement bandwidth **

	
	1.4    MHz
	1.6    MHz
	3.0       MHz
	3.2 MHz
	5       MHz
	10  MHz
	15     MHz
	20    MHz
	

	1-2.5
	
	
	
	
	[-23]
	[-23]
	[-23]
	[-23] 
	1 MHz

	2.5-5
	
	
	
	
	[-23]
	[-23]
	[-23]
	[-23] 
	1 MHz

	5-6
	
	
	
	
	[-35]
	[-35]
	[-35]
	[-35]
	1 MHz

	6-25
	
	
	
	
	[-35]
	[-35]
	[-35]
	[-35]
	1 MHz


Note**
: When the reference bandwidth is larger than the measurement bandwidth the measured results should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth. Conversely when the reference bandwidth is smaller than the measurement bandwidth, the measured result should be integrated over the measurement bandwidth and the results converted to required reference bandwidth as specified in above table 
6.6.2.1.2.3
Spectrum emission mask C
This clause specifies the additional requirements signalled by the network when the nominal transmission bandwidth configuration (50 RB) for a 10 MHz channel bandwidth is required to meet the requirements for a transmission bandwidth configuration (25RB) for a 5 MHz channel bandwidth for E-UTRA band {TBD}. 

The power of any UE emission shall not exceed the levels specified in Table 6.6.2.1.2.3-1. 

Table 6.6.2.1.2.3-1: Additional requirements (10MHz » 5MHz OOB)

	ΔfOOB  (MHz)
	Channel bandwidth  / Spectrum emission limit (dBm/100 KHz reference bandwidth
	Measurement bandwidth **

	
	1.4    MHz
	1.6    MHz
	3.0       MHz
	3.2 MHz
	5       MHz
	10  MHz
	15     MHz
	20    MHz
	

	6-10
	-
	-
	-
	-
	-
	[-35]
	-
	-
	1 MHz


Note**: When the reference bandwidth is larger than the measurement bandwidth the measured results should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth. Conversely when the reference bandwidth is smaller than the measurement bandwidth, the measured result should be integrated over the measurement bandwidth and the results converted to required reference bandwidth as specified in above table 
6.6.2.2
Adjacent Channel Leakage Ratio 
UTRA Background
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.
E-UTRA Background 
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 Resource block 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/E-UTRA (reference bandwidth equal to E-UTRA carrier bandwidth) in a 1st 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/E-UTRA 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.

The current working assumptions for UE ACLR are captured in the table 6.6.2.3-1 for E-UTRA 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 6.6.2.2-1: Working assumption for UE ACLR for adjacent E-UTRA 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 6.6.2.2-2: Working assumption for UE ACLR for adjacent E-UTRA 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.

	


. It was pointed out in [20] that an E-UTRA 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 E-UTRA UE cannot meet the current UTRA absolute adjacent power limit effectively.
The measurement filter for the transmitted E-UTRA carrier and the adjacent E-UTRA carrier is for further study. It should be a filter that models a typical E-UTRA 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. 
E-UTRA requirements

ACLR requirements are specified for two scenarios. E -UTRAACLR   and UTRAACLR1/2 as shown in Figure 6.6.2.2 -1:
Figure 6.6.2.2 -1: Adjacent Channel Leakage requirements


6.6.2.2.1
General requirements
The general requirements are applicable for E-UTRA deployment where the ACLR requirements are defined as E-UTRA Adjacent Channel Leakage power Ratio (E-UTRAACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.  The E-UTRA channel is measured with a [rectangular measurement bandwidth filter.]

Table 6.6.2.2.1-1:  General requirements for E-UTRAACLR
	
	Channel bandwidth  / E-UTRAACLR1   / measurement bandwidth 

	
	1.4 MHz
	1.6 MHz
	3 MHz
	3.2 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	E-UTRAACLR1
	-30 dB
	-30 dB
	-30 dB
	-30 dB
	-30 dB
	-30 dB
	-30 dB
	-30 dB

	E-UTRA channel Measurement bandwidth
	
	
	
	
	[4.5] MHz
	[9.0] MHz
	[13.5] MHz
	[18]   MHz


6.6.2.2.2
Additional requirements 

Additional ACLR requirements are specified for adjacent UTRA channels where the UTRA Adjacent Channel Leakage power Ratio (UTRAACLR) is the ratio of the filtered mean power centred on the assigned E-UTRA channel frequency to the filtered mean power centred on an adjacent(s) UTRA channel frequency. 

UTRA Adjacent Channel Leakage power Ratio is specified for both the first UTRA 5 MHz adjacent channel (UTRAACLR1) and the 2nd UTRA 5MHz adjacent channel (UTRAACLR2)  .The UTRA channel is measured with a 3.84 MHz RRC bandwidth filter with roll-off factor =0.22.

For some scenarios a 2nd UTRA 5MHz adjacent channel bis requirement (UTRAACLR2bis) is specified where the ”additional spectrum emission” requirement as defined in Table 6.2.3.4-1 is applicable
Table 6.6.2.2.2-1: Additional requirements 
	
	Channel bandwidth  / UTRAACLR1/2   / measurement bandwidth

	
	1.4 MHz
	1.6 MHz
	3 MHz
	3.2 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	UTRAACLR1
	-33 dB
	-33 dB
	-33 dB
	-33 dB
	-33 dB 
	-33 dB
	-33 dB
	-33 dB

	UTRAACLR2
	-
	-
	-
	-
	-36 dB 
	-36 dB
	-36 dB
	-36 dB

	UTRAACLR2bis
	-
	-
	-
	-
	-43 dB 
	-43 dB
	-
	-

	E-UTRA  channel Measurement bandwidth
	
	-
	-
	-
	[4.5] MHz 
	[9.0] MHz 
	[13.5] MHz 
	[18] MHz 

	UTRA channel Measurement bandwidth
	-
	-
	-
	-
	3.84 MHz


	3.84 MHz
	3.84 MHz
	3.84 MHz


For E-UTRA TDD mode, operation in an adjacent UTRA TDD channels not possible with synchronized and synchronized operation due to different time slot structures.
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.

UTRA background 

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 6.6.3-1 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 6.6.3-1 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. 


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.

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. These are defined in terms of additional spurious emission requirements. 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 6.6.3-1 

E-UTRA background 
In the same way as was described for UTRA, 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 E-UTRA. 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 E-UTRA carrier. This approach is however FFS
In terms of additional requirements,  fundamentally, the requirements to co-exist with systems in other bands are the same for E-UTRA as for UTRA. The additional spurious emissions limits in Table 6.13 of TS 25.101 [7] can therefore be re-used for E-UTRA 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 E-UTRA 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]
6.6.3.1
E-UTRA General requirements
The spurious emission limits apply for the frequency ranges that are more than ΔfOOB (MHz) from the edge of the channel bandwidth. 
Table 6.6.3.1 -1:  ΔfOOB boundary between E-UTRA out of band and spurious emission domain
	Channel bandwidth 
	1.4 [MHz] 
	1.6 [MHz]
	3 [MHz]
	3.2 [MHz]
	5 [MHz]
	10 [MHz]
	15 [MHz]
	20 [MHz]

	ΔfOOB  (MHz)
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[10]
	[15]
	[20]
	[25]


The spurious emission limits in Table 6.6-3.1-2 apply for all transmitter band configurations (RB) and channel bandwidths
Table 6.6-3.1-2: Spurious emissions limits outside the operating band

	Frequency Range
	Maximum Level
	Measurement Bandwidth

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

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

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

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


6.6.3.2 Additional requirements
6.6.3.2.1 Spurious emission (co-existence) 

This clause specifies the additional requirements for the specified E-UTRA band 

Table 6.6.3.2-1: requirements

	E-UTRA Band
	Frequency Range
	Maximum Level
	Measurement Bandwidth
	Channel bandwidth 

	
	fstart
	-
	fend
	
	
	

	1
	1884.5 MHz 
	-
	1919.6 MHz 
	-41 dBm
	300 kHz
	1.4,1.6,3. 3.2, 5, 10

	
	860 MHz
	-
	895 MHz
	-[60] dBm
	3.84 MHz
	

	2
	
	-
	
	
	
	

	3
	
	-
	
	
	
	

	4
	
	-
	
	
	
	

	5
	
	-
	
	
	
	

	6
	1884.5 MHz 
	-
	1919.6 MHz 
	-41 dBm
	300 kHz
	5

	
	860 MHz
	-
	895 MHz
	-[60] dBm
	3.84 MHz
	

	7
	
	-
	
	
	
	

	8
	
	-
	
	
	
	

	9
	1884.5 MHz 
	-
	1919.6 MHz 
	-41 dBm
	300 kHz
	5

	
	860 MHz
	-
	895 MHz
	-[60] dBm
	3.84 MHz
	

	10
	
	-
	
	
	
	

	11
	1884.5 MHz 
	-
	1919.6 MHz 
	-41 dBm
	300 kHz
	5

	
	860 MHz
	-
	895 MHz
	-[60] dBm
	3.84 MHz
	

	12
	
	-
	
	
	
	

	13
	
	-
	
	
	
	

	14
	
	-
	
	
	
	

	...
	
	
	
	
	
	

	33
	
	-
	
	
	
	

	34
	1884.5 MHz 
	-
	1919.6 MHz 
	-41 dBm
	300 kHz
	

	35
	
	-
	
	
	
	

	36
	
	-
	
	
	
	

	37
	
	
	
	
	
	

	38
	
	-
	
	
	
	

	
	
	
	
	
	
	


6.6.3.2.2
Spurious emission (OOB reduction)  
This clause specifies the additional requirements signalled by the network when the nominal transmission bandwidth configuration (50 RB) for a 10 MHz channel bandwidth is required to meet the requirements for a transmission bandwidth configuration (25RB) for a 5 MHz channel bandwidth for E-UTRA band {TBD}. 

The power of any UE emission shall not exceed the levels specified in Table 6.6.3.1.2-1.

Table 6.6.3.2.2-1:  ΔfOOB boundary between E-UTRA out of band and spurious emission domain
	Channel bandwidth 
	1.4 [MHz] 
	1.6 [MHz]
	3 [MHz]
	3.2 [MHz]
	5 [MHz]
	10 [MHz]
	15 [MHz]
	20 [MHz]
	Measurement bandwidth 

	ΔfOOB  (MHz)
	-
	-
	-
	-
	-
	[10]
	-
	-
	1 MHz


6.6.3.2.3
Spurious emission (PHS protection) 
E-UTRA background 
The additional spurious emission requirement for PHS coexistence (1884.5~1919.6MHz) -41dBm/300kHz (Equivalent to -46dBm/100kHz.) at [20] MHz offset for E-UTRA band 1. This additional Requirement will only need to be specified for the 15MHz and 20 MHz channel bandwidth (PHS requirement for other channel bandwidth are covered in the general requirement). Note that requirements are specified from edge of channel closest to PHS band. A-MPR can be mitigated by starting from edge furthest from PHS band 
E-UTRA requirement 
This clause specifies the additional requirements signalled by the network for E-UTRA band 1.

The power of any UE emission shall not exceed the levels specified in Table 6.6.3.2.3-1. 

Table 6.6.3.2.3-1: Additional requirements (PHS)

	ΔfOOB  (MHz)
	Channel bandwidth  / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	1.4    MHz
	1.6    MHz
	3.0       MHz
	3.2 MHz
	5       MHz
	10  MHz
	15     MHz
	20    MHz
	

	[TBD] 
	-
	-
	-
	-
	-
	-
	-41
	-41
	300 KHz


6.6.4

Support of additional spectrum emission requirements 
This section contains prerequisites needed for the UE to meet ACLR and additional spectrum emission requirements. 
6.6.4.1
Maximum Power Reduction (MPR)
Background

 The number of RB identified in Table 6.6.4-1 and 6.6.4-2 is based on meeting the E-UTRA ACLR1 and UTRAACLR1   requirements as specified in clause 6.6.2.2 and requires MPR reduction due to CM. In which case simple scaling can be used to derive the requirement for other bandwidth based on the previously agreed value for 5MHz channel bandwidth [R4-06XX] 

E-UTRA requirements 

For the UE Power Class 3, the Maximum Power Reduction (MPR) due to higher modulation and transmit bandwidth configuration (resource block) is specified in Table 6.6.4-1

Table 6.6.4-1:  Maximum Power Reduction (MPR)

	Modulation
	Channel bandwidth / Transmission bandwidth configuration [RB]
	MPR (dB)

	
	1.4 MHz
	1.6 MHz
	3 MHz
	3.2 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	

	QPSK
	-
	> [TBD]
	> [TBD]
	> [TBD]
	> [8] 
	> [16]
	> [24]
	> [32]
	≤ [1]

	16 QAM
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ [TBD]
	≤ [8] 
	≤ [16]
	≤ [24]
	≤ [32]
	≤ [1]

	16 QAM
	> [TBD]
	> [TBD]
	> [TBD]
	> [TBD]
	> [8] 
	> [16]
	> [24]
	> [32]
	≤ [2]


6.6.4.2
Additional MPR allowed for “Additional spectrum emission” requirements
Background 
g) It is proposed that some  “additional spectrum emission” requirements are signalled to the UE by the network as part of the cell handover/broadcast information, to indicate to the UE that it is required to meet the indicated “additional spectrum emission” requirement for a particular cell to address a specific regulatory or deployment scenario. 

h) The benefit of signalling the “additional spectrum emission” requirement is that is can be specified on case by case basis. For example a “sandwich” deployment in the same operator block would not need an ”additional spectrum emission” requirement compared with a channel assignment next to an adjacent operator block where regulatory requirements may be applicable. 

i) Some cell specific scenarios are identified in table 6.6.4-2 For example; 

i. NS_02  can be used to support an  UTRA ACLR2 value of 43dB/3,84MHz value if needed 

ii. NS_03 can be  used to address FCC requirement 

iii. NS_04 is used when a 10 MHz channel bandwidth  (50 RB allocation need to meet the same OOB and spurious emission mask as a 5MHz channel bandwidth  OOB requirement. 

iv. NS-06 for PHS protection for larger channel bandwidths (15, 20 MHz)

j) The need to meet an “additional spectrum emission” requirement will require improved transmitter linearity. This will result in lower transmitter efficiency, increased thermal dissipation and worse battery life. Hence some additional MPR may be required for the UE in this case. Hence it is important to minimise the scenario where it is needed to meet “additional spectrum emission” requirements.
k) For the cases where “additional spectrum emission” requirements need an additional MPR, then an upper limit for A-MPR should be specified. 
l) ”Additional spectrum emission” requirements should only be used in a restricted  set of transmission bandwidth configurations and deployment scenarios
E-UTRA Requirements

“Additional spectrum emission” requirements are signalled by the network to indicate that the UE shall meet an “additional spectrum emission” requirement in a specific deployment scenario as part of the cell handover/broadcast message. For UE Power Class 3 the specific requirements and identified sub-clauses are specified in table 6.6.4-2, along with the proposed allowed A-MPR values that may be needed to meet these requirements. 

Table 6.6.4-2: Additional Spectrum Emission requirements (showing Additional Maximum Power Reduction (A-MPR))

	Network Signalling value
	Requirement (sub-clause)
	Transmission bandwidth (RB)
	A-MPR (dB)
	Description   [Informative – refer to requirement sub-clause for band and channel applicability]

	
	
	
	
	Comment
	E-UTRA Band
	Channel bandwidth (MHz

	NS_01
	-
	-
	0
	No Additional requirement
	-
	-

	NS_02
	6.6.2.2.1
	>[30]
	≤ [3]
	UTRAACLR2bis  value
	1, 6, 9,10,11
	10

	NS_03
	6.6.2.1.2
	>[5] 
	≤ [1.5]
	FCC requirement
	2, 4,10
	3

	
	6.6.2.1.2
	>[5]
	≤ [1.5]
	FCC requirement
	2, 4,10
	5

	
	6.6.2.1.2
	>[7]
	≤ [1.5]
	FCC requirement
	2, 4,10
	10

	
	6.6.2.1.2
	TBD
	TBD
	FCC requirement
	2, 4,10
	15

	
	6.6.2.1.2
	TBD
	TBD
	FCC requirement
	2, 4,10
	20

	NS_04
	6.6.2.1.2.3
	>[30]
	≤ [2]
	5MHz channel OOB 
	1,3,7,8
	10

	
	6.6.3.2.1
	
	
	5 MHz spurious 
	
	

	NS_05
	6.6.2.1.2.2
	TBD
	
	FCC requirement
	TBD
	TBD

	NS_06
	6.6.3.2.3
	>[60] 
	≤ [1]
	PHS Protection
	1
	15

	
	6.6.3.2.3
	>[60]
	≤ [2]
	PHS Protection
	1
	20

	
	
	
	
	
	
	


Note:
0 ≤A-MPR ≥ [3],
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.
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