[bookmark: _Toc518913829][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #888	R4-1810863
Gothenburg, Sweden, 20th – 25th August 2018
	CR-Form-v11.2

	CHANGE REQUEST

	

	
	38.101-2
	CR
	CRNum
	rev
	-
	Current version:
	15.2.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	



	Proposed change affects:
	UICC apps
	
	ME
	X
	Radio Access Network
	
	Core Network
	



	

	Title:	
	Draft CR to 38.101-2: Addition of Transmit Modulation Annex

	
	

	Source to WG:
	Rohde & Schwarz

	Source to TSG:
	R4

	
	

	Work item code:
	NR_newRAT-Core
	
	Date:
	2018-08-06

	
	
	
	
	

	Category:
	F
	
	Release:
	Rel-15

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)
Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	[bookmark: OLE_LINK1]Use one of the following releases:
Rel-8	(Release 8)
Rel-9	(Release 9)
Rel-10	(Release 10)
Rel-11	(Release 11)
Rel-12	(Release 12)
Rel-13	(Release 13)
Rel-14	(Release 14)
Rel-15	(Release 15)
Rel-16	(Release 16)

	
	

	Reason for change:
	The Annex for transmit modulation is missing in 38.101-2. 

	
	

	Summary of change:
	Addition of Annex F to 38.101-2

	
	

	Consequences if not approved:
	Transmit modulation requirements remain unclear.

	
	

	Clauses affected:
	Annex F (new clause)

	
	

	
	Y
	N
	
	

	Other specs
	
	X
	 Other core specifications	
	TS/TR ... CR ... 

	affected:
	X
	
	 Test specifications
	TS/TR 38.521-2 CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	

	
	







< Unchanged sections omitted >
Annex E (normative):
Environmental conditions
[bookmark: _Toc518913830]E.1	General
This annex specifies the environmental requirements of the UE. Within these limits the requirements of the present documents shall be fulfilled.
[bookmark: _Toc518913831]E.2	Environmental
[bookmark: historyclause]The requirements in this clause apply to all types of UE(s).
[bookmark: _Toc518913832]E.2.1	Temperature
All RF requirements for UEs operating in FR2 are defined over the air and can only be tested in an OTA chamber. 
The UE shall fulfil all the requirements in the temperature range defined in Table E.2.1-1.
Table E.2.1-1: Temperature conditions
	+ 25 ⁰C ± 10 ⁰C 
	For normal (room temperature) conditions with relative humidity of 25% to 75%

	-10C to +55C
	For extreme conditions



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.
[bookmark: _Toc518913833]E.2.2	Voltage
Editor’s note: This requirement is incomplete. The following aspects are either missing or not yet determined:
Methodology to control the voltage in a case which a power cable is not connected to DUT is FFS since it is not agreed whether we can connect the power cable to DUT at the OTA measurement situation yet.
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 E.2.2-1: Voltage conditions
	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
0,95 * nominal
0,90 * nominal
	
Nominal
1,1 * Nominal
	
Nominal
1,1 * 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.

[bookmark: _Toc518913834]
Annex F (normative): 
Transmit modulation

[bookmark: _Toc518915613]F.1	Measurement Point
Figure F.1-1 shows the measurement point for the unwanted emission falling into non-allocated RB(s) and the EVM for the allocated RB(s).
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Figure F.1-1: EVM measurement points

[bookmark: _Toc518915614]F.2	Basic Error Vector Magnitude measurement
The EVM is the difference between the ideal waveform and the measured waveform for the allocated RB(s)

,
where


 is a set of  modulation symbols with the considered modulation scheme being active within the measurement period,

 are the samples of the signal evaluated for the EVM,

 is the ideal signal reconstructed by the measurement equipment, and


 is the average power of the ideal signal. For normalized modulation symbols  is equal to 1.
The basic EVM measurement interval is defined over one slot in the time domain for PUCCH and PUSCH and over one preamble sequence for the PRACH. 
[bookmark: _Toc518915615]F.3	Basic in-band emissions measurement
The in-band emissions are a measure of the interference falling into the non-allocated resources blocks. The in-band emission requirement is evaluated for PUCCH and PUSCH transmissions. The in-band emission requirement is not evaluated for PRACH transmissions.
The in-band emissions are measured as follows

,
where


 is a set of OFDM symbols with the considered modulation scheme being active within the measurement period, 



 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  or  for the first adjacent RB),


 (resp. ) is the lower (resp. upper) edge of the UL system BW, 


 and  are the lower and upper edge of the allocated BW, and 

 is the frequency domain signal evaluated for in-band emissions as defined in the subsection (ii)
The relative in-band emissions are, given by


where

 is the number of allocated RBs 
The basic in-band emissions measurement interval is defined over one slot in the time domain. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the in-band emissions measurement interval is reduced by one OFDM symbol, accordingly.



In the evaluation of in-band emissions, the timing is set according to , where sample time offsets  and  are defined in subclause F.4.
[bookmark: _Toc518915616]F.4	Modified signal under test
Implicit in the definition of EVM is an assumption that the receiver is able to compensate a number of transmitter impairments. 
The PUSCH data or PRACH signal under test is modified and, in the case of PUSCH data signal, decoded according to:


where

 is the time domain samples of the signal under test.
The PUCCH or PUSCH demodulation reference signal or PUCCH data signal under test is equalised and, in the case of PUCCH data signal decoded according to:


where

 is the time domain samples of the signal under test. 
To minimize the error, the signal under test should be modified with respect to a set of parameters following the procedure explained below.
Notation:

 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal.

 is the RF frequency offset.

 is the phase response of the TX chain.

 is the amplitude response of the TX chain.



In the following  represents the middle sample of the EVM window of length  (defined in the next subsections) or the last sample of the first window half if is even.
The EVM analyser shall


-	detect the start of each slot and estimate  and ,


-	determine  so that the EVM window of length  is centred 
-	on the time interval determined by the measured cyclic prefix minus 16κ samples of the considered OFDM symbol for symbol l for subcarrier spacing configuration µ in a subframe, with l = 0 or l = 7*2^µ for normal CP, i.e. the first 16κ samples of the CP should not be taken into account for this step. In the determination of the number of excluded samples, a sampling rate of 1/Tc is assumed. If a different sampling rate is used, the number of excluded samples is scaled linearly.
-	on the measured cyclic prefix of the considered OFDM symbol symbol for all other symbols for normal CP and for symbol 0 to 11 for extended CP. 
-	on the measured preamble cyclic prefix for the PRACH 

To determine the other parameters a sample timing offset equal to  is corrected from the signal under test. The EVM analyser shall then

-	correct the RF frequency offset for each time slot, and
-	apply an FFT of appropriate size. The chosen FFT size shall ensure that in the case of an ideal signal under test, there is no measured inter-subcarrier interference.
The carrier leakage shall be removed from the evaluated signal before calculating the EVM and the in-band emissions; however, the removed relative carrier leakage power also has to satisfy the applicable requirement. 

At this stage the allocated RBs shall be separated from the non-allocated RBs. In the case of PUCCH and PUSCH EVM, the signal on the non-allocated RB(s), , is used to evaluate the in-band emissions. 
Moreover, the following procedure applies only to the signal on the allocated RB(s). 


-	In the case of PUCCH and PUSCH, the UL EVM analyzer shall estimate the TX chain equalizer coefficients and  used by the ZF equalizer for all subcarriers by time averaging at each signal subcarrier of the amplitude and phase of the reference and data symbols. The time-averaging length is 1 slot. This process creates an average amplitude and phase for each signal subcarrier used by the ZF equalizer. The knowledge of data modulation symbols may be required in this step because the determination of symbols by demodulation is not reliable before signal equalization.





-	In the case of PRACH, the UL EVM analyzer shall estimate the TX chain coefficients and  used for phase and amplitude correction and are seleted so as to minimize the resulting EVM. The TX chain coefficients are not dependent on frequency, i.e.  and . The TX chain coefficient are chosen independently for each preamble transmission and for each . 













At this stage estimates of , ,  and  are available.  is one of the extremities of the window , i.e. can be  or , where  if  is odd and  if is even. The EVM analyser shall then


-	calculate EVMl with  set to ,


-	calculate EVMh with  set to .
[bookmark: _Toc518915617]F.5	Window length
[bookmark: _Toc518915618]F.5.1	Timing offset


As a result of using a cyclic prefix, there is a range of, which, at least in the case of perfect Tx signal quality, would give close to minimum error vector magnitude. As a first order approximation, that range should be equal to the length of the cyclic prefix. Any time domain windowing or FIR pulse shaping applied by the transmitter reduces the  range within which the error vector is close to its minimum. 
[bookmark: _Toc518915619]F.5.2	Window length

The window length  affects the measured EVM, and is expressed as a function of the configured cyclic prefix length. In the case where equalization is present, as with frequency domain EVM computation, the effect of FIR is reduced. This is because the equalization can correct most of the linear distortion introduced by the FIR. However, the time domain windowing effect can’t be removed.
[bookmark: _Toc518915620]F.5.3	Window length for normal CP
Contents in this section are FFS.
[bookmark: _Toc518915621]F.5.4	Window length for Extended CP
Contents in this section are FFS.
[bookmark: _Toc518915622]F.5.5	Window length for PRACH
Contents in this section are FFS.
[bookmark: _Toc518915623]F.6	Averaged EVM
The general EVM is averaged over basic EVM measurements for n slots in the time domain.

,
where n is 


for PUCCH, PUSCH.
The EVM requirements shall be tested against the maximum of the RMS average at the window W extremities of the EVM measurements:




Thus  is calculated using in the expressions above and is calculated using .
Thus we get:




The calculation of the EVM for the demodulation reference signal, , follows the same procedure as calculating the general EVM, with the exception that the modulation symbol set  defined in clause F.2 is restricted to symbols containing uplink demodulation reference signals. 


The basic  measurements are first averaged over n slots in the time domain to obtain an intermediate average . 







In the determination of each [image: ], the timing is set to  if , and it is set to  otherwise, where  and  are the general average EVM values calculated in the same n slots over which the intermediate average  is calculated. Note that in some cases, the general average EVM may be calculated only for the purpose of timing selection for the demodulation reference signal EVM.

Then the results are further averaged to get the EVM for the demodulation reference signal, ,



The PRACH EVM, , is averaged over TBD preamble sequence measurements for all preamble formats.
The EVM requirements shall be tested against the maximum of the RMS average at the window W extremities of the EVM measurements:




Thus  is calculated using  and is calculated using .
Thus we get:


[bookmark: _Toc518915624]F.7	Spectrum Flatness
The data shall be taken from FFT coded data symbols and the demodulation reference symbols of the allocated resource block.
Annex F G (informative):
Change history

	Change history

	Date
	Meeting
	TDoc
	CR
	Rev
	Cat
	Subject/Comment
	New version

	2017-08
	RAN4#84
	
	
	
	
	Initial Skeleton
	0.0.1

	2017-10
	RAN4#84Bis
	R4-1711979
	
	
	
	TPs from R4#84Bis by editors
	0.1.0

	2017-12
	RAN4#85
	R4-1713806
	
	
	
	Approved TPs from R4#85
R4-1714537, TP for TS 38.101-2: Channel Bandwidth Definition, Qualcomm Incorporated
R4-1714115, TP for TS 38.101-2: Channel Arrangement, : Qualcomm Incorporated (Note: this TP was further discussed and edited in the reflector)
R4-1713205, TP on general parts for 38.101-2 NR FR, : Ericsson
R4-1712884, TP to TS38.101-2 on environmental conditions, Intel Corporation
R4-1714018, TP to TS 38.101-2 for definition of UE RF terminologies,  Anritsu Corporation
R4-1714447, TP on UE power class for FR2, Intel Corporation
R4-1714372, TP to TS38.101-2 on EVM equalizer spectrum flatness requirements, Intel Corporation
R4-1714330, TP to TR 38.101-02 v0.1.0: ON/OFF mask design for NR UE transmissions for FR2, Ericsson
R4-1714364, TP to TR 38.101: NR UE transmit OFF power for FR2, CATT
R4-1714347, TP to TS38.101-2 on spurious emissions requirements for FR2, Intel Corporation (Note: this TP was further discussed and edited in the reflector)
R4-1714456, TP on REFSENS for FR2, Intel Corporation
R4-1714337	TP to TS 38.101-2 ACS requirement for mmW (section 7.5), Qualcomm Incorporated
R4-1714338, TP to TS 38.101-2 IBB requirement for mmW (section 7.6.1), Qualcomm Incorporated
R4-1714348, TP to TS38.101-2 on Rx spurious emissions for FR2, Intel Corporation
Min power for EVM requirement according to R4-1711568, TP to TR 38.xxx - UE minimum transmit power for range 2, CATT

Band list according to R4-1714542, List of bands and band combinations to be introduced into RAN4 NR core requirements by December 2017, RAN4 Chairmen
	0.2.0

	2017-12
	RAN4#85
	R4-1714570
	
	
	
	Further corrections and alignments with 38.104 after email review
	0.3.0

	2017-12
	RAN#78
	RP-172476
	
	
	
	v1.0.0 submitted for plenary approval. Contents same as 0.3.0
	1.0.0

	2017-12
	RAN#78
	
	
	
	
	Approved by plenary – Rel-15 spec under change control
	15.0.0

	2018-03
	RAN#79
	RP-180264
	0004
	
	F
	Implementation of endorsed CR on to 38.101-2
Endorsed draft CRs in RAN4-NR-AH#1801
F: R4-1800918, Draft CR to 38.101-2 on channel bandwidth corrections (5.3.5), Nokia
F: R4-1801097, Modification for TS38.101-2, CATT
F: R4-1801098	 Draft CR for TS38.101-2:  On requirement metrics. Sumitomo Elec. Industries, Ltd
F: R4-1800401, Editorial corections to 38.101-2, Qualcomm
F: R4-1801122: Draft pCR for TS 38.101-2 version 15.0.0: Remaining ON/OFF masks for FR2 NR UE transmissions, Ericsson
F: R4-1800418, Correction of NR SEM for FR2 table, vivo
F: R4-1800316	Draft CR to 38.101-2: Tx spurious emission for NR FR2 (section 6.5.3 ), ZTE Corporation
F: R4-1800918	Draft CR to 38.101-2 on channel bandwidth corrections (5.3.5), Nokia
F: R4-1801013, Draft CR to 38.101-2: Clarifications to UE spectrum utilization section 5.3, Ericsson
F: R4-1801229, Draft CR to 38.101-2: Channel spacing for CA for NR FR2(section 5.4.1.2), ZTE Corporation
F: R4-1801232, Correction CR for channel spacing:38.101-2, Samsung
F: R4-1801325, Draft CR to TS 38.101-2: Corrections on channel raster calculation in section 5.4.2, ZTE Corporation
F: R4-1800860, Corrections of GSCN, Nokia

Endorsed draft CRs in RAN4#86

R4-1803054, Draft CR for new spec structure of 38.101-2, Ericsson
R4-1801446, Modification for NR UE time mask requirement for FR2, CATT
R4-1801729, Draft CR to 38.101-2: Corrections to In-band blocking requirements, Rohde & Schwarz
R4-1801967, CR on EVM spectrum flatness for FR2, Huawei
R4-1802339, Draft CR to 38.101-2: Clarifications on peak directions and REFSENS, ROHDE & SCHWARZ
R4-1802567, Draft CR to TS 38.101-2: Clarification of mixed numerology guardband size, Ericsson
R4-1803238, Draft CR for TS 38.101-2: ACLR requirement clarification, Huawei
R4-1803365, Draft CR to 38.101-2: Clarification on REFSENS Definition, ROHDE & SCHWARZ
R4-1803453, draft CR for introduction of completed band combinations from 37.865-01-01 into 38.101-2, Ericsson
R4-1803566, Draft CR for TS 38.101-2: Sync raster offset in re-farming bands (5.4.3), Ericsson
	15.1.0

	2018-06
	RAN#80
	RP-181262
	0010
	
	F
	CR to TS 38.101-2: Implementation of endorsed draft CRs from RAN4 #86bis and RAN4 #87

Endorsed draft CRs from RAN4#86Bis
R4-1803736, Draft CR on channel raster entry of band n258 for TS 38.101-2, ZTE Wistron Telecom AB
R4-1804022, CR for modifications and clarifications for NR FR2 CA BW Classes, Nokia
R4-1804585, Draft CR to 38.101-2: IBE Section Update, Qualcomm, Inc.
R4-1804657, Introduction of UE to UE coexistence requirements requirements for FR2, Qualcomm Incorporated
R4-1804949, Corrections to 5.3.3 in TS 38.101-2, Nokia
R4-1805641, Corrections of BCS for n257 intraband contiguous CA in 38.101-2, Nokia
R4-1805685, Draft CR to TS38.101-2: Channel Raster to Resource Element Mapping (Section 5.4.2.2) and RB alignment with different numerologies (Section 5.3.4), ZTE Corporation
R4-1805704, Update of UE emission requirements for FR2, Qualcomm Incorporated
R4-1805705, Draft CR to 38.101-2: Update of section 7.1, Rohde & Schwarz
R4-1805757, Update of ACS requirement for FR2, Qualcomm Incorporated
R4-1805771, Update of IBB requirement for FR2, Qualcomm Incorporated
R4-1805775, draft CR for TS 38.101-2 on US 28 GHz band number, Qualcomm Incorporated
R4-1805949, Draft CR on minimum guardband of SCS 240 kHz SSB for TS 38.101-2, ZTE Wistron Telecom AB
R4-1805982, draft CR for 38.101-2: sync raster, Samsung
R4-1804878, draft CR introduction completed band combinations 37.865-01-01 -> 38.101-2, Ericsson
R4-1803628, pi/2 BPSK related CR, IITH

Endorsed draft CRs from RAN#87

R4-1806167, Draft CR on channel raster entry of band n261 for TS 38.101-2, ZTE Corporation
R4-1806169, Draft CR on SSB clarification for TS 38.101-2, ZTE Corporation
R4-1806383, Draft CR of clarifications on TRx RF test metrics for mmWave, Anritsu Corporation
R4-1806946, Draft CR for TS 38.101-2: Channel raster and NR-ARFCN clarification (5.4.2), Ericsson
R4-1807652, FR2 UE ACLR requirement for CA, Qualcomm
R4-1807655, Further refinements for UE Rx requirements in FR2, Qualcomm
R4-1807681, Draft CR on 38.101-2 on channel raster to achieve alignment of data and SSB subcarrier grids, Nokia
R4-1807853, Draft CR to TS 38.101-2: UE maximum output power for UL CA, Nokia
R4-1807855, Draft CR on 38.101-2: Transmit ON/OFF time mask for UL CA, Nokia
R4-1807857, Draft CR on 38.101-2: Occupied BW for UL CA, Nokia
R4-1808101, Draft CR to 38.101-2: On EVM Averaging Length, Wording, Qualcomm Incorporated
R4-1808105, Configured maximum output power for FR2, Ericsson
R4-1808124, draft CR on UE RF requirement for UE type 2 in FR2, LG Electronics
R4-1808125, Draft CR to TS 38.101-2: Minimum output and OFF Power, Nokia
R4-1808147, Draft CR for NR FR2 CA BW class modifications, MediaTek Inc.
R4-1808148, EVM equaliser spectral flatness for FR2, Ericsson
R4-1808149, UE Shaping Filter Requirement for pi/2 BPSK, Indian Institute of Tech (M)
R4-1808152, Draft CR for Finalizing UE RF Requirement for FWA, Samsung
R4-1808266, Draft CR for TS 38.101-2: Channel and sync raster corrections (5.4), Ericsson
R4-1808545, Draft CR on UE RF requirement for UE type 3 in FR2, Verizon
R4-1808546, Power class 3 Spherical coverage introduction and peak EIRP requirement update, Qualcomm
R4-1808206, Draft CR to 38.101-2: FR2 Type 1 UE Power Control, Qualcomm
R4-1808208, Draft CR to 38.101-2: FR2 Type 1 UE CA EIS update, Qualcomm
R4-1808191, TP to TS38.101-2 - UE ON/OFF masks, Ericsson
R4-1807102, draft CR introduction completed band combinations 37.865-01-01 -> 38.101-2, Ericsson
	15.2.0

	
	
	
	
	
	
	R4-1809336, Draft CR on UL RMC for FR2 RF tests, Qualcomm Incorporated
R4-1809338, Draft CR on NR UE REFSENS SNR FRC for FR2, Intel Corporation
R4-1809397, Draft CR on measurement of receiver characteristics for FR2 RF Tests, Qualcomm Incorporated
R4-1809566, Draft CR on OCNG pattern for FR2 REFSENS test, Qualcomm Incorporated
	


< End of changes >



oleObject54.bin

oleObject55.bin

image37.wmf
ú

û

ú

ê

ë

ê

-

+

D

2

~

W

c

a


oleObject56.bin

image38.wmf
ú

û

ú

ê

ë

ê

+

D

2

~

W

c


oleObject57.bin

image39.wmf
0

=

a


oleObject58.bin

image40.wmf
W


oleObject59.bin

image1.wmf
(

)

(

)

0

2

'

P

T

v

i

v

z

EVM

m

T

v

m

×

-

=

å

Î


image41.wmf
1

=

a


oleObject60.bin

image42.wmf
W


oleObject61.bin

oleObject62.bin

oleObject63.bin

oleObject64.bin

oleObject65.bin

image43.wmf
t

~

D


oleObject66.bin

oleObject1.bin

image44.wmf
t

~

D


oleObject67.bin

oleObject68.bin

image45.wmf
å

=

=

n

i

i

EVM

n

EVM

1

2

1


oleObject69.bin

image46.wmf
l

EVM


oleObject70.bin

image47.wmf
l

t

t

~

~

D

=

D


oleObject71.bin

image48.wmf
h

EVM


image2.wmf
m

T


oleObject72.bin

image49.wmf
h

t

t

~

~

D

=

D


oleObject73.bin

image50.wmf
)

EVM

 

,

EVM

max(

l

h

EVM

=


oleObject74.bin

image51.wmf
DMRS

EVM


oleObject75.bin

oleObject76.bin

oleObject77.bin

image52.wmf
DMRS

EVM


oleObject2.bin

oleObject78.bin

image53.wmf
i

DMRS

EVM

,


oleObject79.bin

image54.wmf
h

l

EVM

EVM

>


oleObject80.bin

oleObject81.bin

oleObject82.bin

oleObject83.bin

oleObject84.bin

oleObject85.bin

image3.wmf
m

T


image55.wmf
å

=

=

6

1

2

,

6

1

j

j

DMRS

DMRS

EVM

EVM


oleObject86.bin

image56.wmf
PRACH

EVM


oleObject87.bin

image57.wmf
l

PRACH,

EVM


oleObject88.bin

oleObject89.bin

image58.wmf
h

PRACH,

EVM


oleObject90.bin

oleObject91.bin

oleObject3.bin

image59.wmf
)

EVM

 

,

EVM

max(

h

PRACH,

l

PRACH,

=

PRACH

EVM


oleObject92.bin

image4.wmf
(

)

v

z

'


oleObject4.bin

image5.wmf
(

)

v

i


oleObject5.bin

image6.wmf
0

P


oleObject6.bin

oleObject7.bin

image7.wmf
ï

ï

î

ï

ï

í

ì

>

D

<

D

=

D

å

å

å

å

Î

D

D

×

+

D

-

D

×

+

Î

D

+

D

×

+

D

D

×

+

0

,

)

,

(

1

0

,

)

,

(

1

)

(

)

*

12

,

min(

*

)

11

12

(

2

*

)

11

12

(

)

*

12

,

max(

2

max

min

RB

T

t

f

f

f

f

f

s

RB

T

t

f

f

f

f

f

s

RB

absolute

s

RB

h

RB

h

s

RB

l

RB

l

f

t

Y

T

f

t

Y

T

Emissions


oleObject8.bin

image8.wmf
s

T


oleObject9.bin

image9.wmf
s

T


oleObject10.bin

image10.wmf
RB

D


oleObject11.bin

image11.wmf
1

=

D

RB


oleObject12.bin

image12.wmf
1

-

=

D

RB


oleObject13.bin

image13.wmf
min

f


oleObject14.bin

image14.wmf
max

f


oleObject15.bin

image15.wmf
l

f


oleObject16.bin

image16.wmf
h

f


oleObject17.bin

image17.wmf
(

)

f

t

Y

,


oleObject18.bin

image18.wmf
(

)

å

å

Î

D

-

×

+

×

D

=

D

s

RB

l

l

T

t

f

N

f

f

RB

s

RB

absolute

RB

relative

f

t

Y

N

T

Emissions

Emissions

1

12

2

)

,

(

1

)

(

)

(


oleObject19.bin

image19.wmf
RB

N


oleObject20.bin

image20.wmf
c

t

~

~

D

=

D


oleObject21.bin

image21.wmf
t

~

D


oleObject22.bin

image22.wmf
c

~

D


oleObject23.bin

image23.wmf
{

}

ï

þ

ï

ý

ü

ï

î

ï

í

ì

×

×

D

-

=

D

D

-

)

,

(

~

~

2

~

2

)

,

(

~

.

)

~

(

)

,

(

'

f

t

j

t

f

j

v

f

j

e

f

t

a

e

e

t

v

z

FFT

IDFT

f

t

Z

j

p

p


oleObject24.bin

image24.wmf
)

(

v

z


oleObject25.bin

image25.wmf
{

}

)

,

(

~

~

2

~

2

)

,

(

~

.

)

~

(

)

,

(

'

f

t

j

t

f

j

v

f

j

e

f

t

a

e

e

t

v

z

FFT

f

t

Z

j

p

p

×

×

D

-

=

D

D

-


oleObject26.bin

oleObject27.bin

image26.wmf
t

~

D


oleObject28.bin

image27.wmf
f

~

D


oleObject29.bin

image28.wmf
)

,

(

~

f

t

j


oleObject30.bin

image29.wmf
)

,

(

~

f

t

a


oleObject31.bin

oleObject32.bin

image30.wmf
W


oleObject33.bin

oleObject34.bin

oleObject35.bin

image31.wmf
f

~

D


oleObject36.bin

oleObject37.bin

oleObject38.bin

oleObject39.bin

oleObject40.bin

image32.wmf
(

)

f

t

Y

,


oleObject41.bin

oleObject42.bin

oleObject43.bin

image33.wmf
)

(

~

t

a


oleObject44.bin

image34.wmf
)

(

~

t

j


oleObject45.bin

image35.wmf
)

(

~

)

,

(

~

t

a

f

t

a

=


oleObject46.bin

image36.wmf
)

(

~

)

,

(

~

t

f

t

j

j

=


oleObject47.bin

oleObject48.bin

oleObject49.bin

oleObject50.bin

oleObject51.bin

oleObject52.bin

oleObject53.bin

