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1. Introduction
In this documentation, we discuss on the remaining details including sync raster indication and OFDM waveform generation.

2. Indication of the value of M for sync raster definition for FR1
In RAN1 NRAH-1801 meeting, it was agreed that the value of M (as in 38.101) for sync raster definition (i.e., 0, ±1) for FR1 is informed to UE. Also, it was agreed that if the minimum distance between adjacent sync rasters is large enough (w.r.t the initial frequency offset tolerance), the indication is no longer necessary. That is, if RAN4 decides to adopt the shift value of +/-100kHz, the indication flag is useless because UE should operate to detect synchronization signal at the every SS raster.
On the other hand, if RAN4 decides to keep the current shift value (i.e. +/-5kHz) or to change the shift value into +/-10kHz, the indication flag in RMSI could be remained. Since NR UE has a capability to simultaneously detect both the shift value and carrier frequency offset at LTE refarming Band (i.e. up to 2.4GHz frequency range), PBCH decoding performance and PDSCH decoding performance can be guaranteed. In figure 1, we can see the PBCH decoding performance when the shift value (i.e. 5kHz and 10kHz) is assumed. 
[image: ]
Figure 1. PBCH decoding performance

As shown in Figure 1, it is observed that SS raster shift value 5 kHz and 10 kHz provide almost same performance of PBCH decoding as shift value 0 kHz. CFO and shift value can be detected by UE, because the sum of CFO and shift value is within UE’s CFO estimation range. It also can guarantee same PDSCH decoding performance regardless of shift value. For this reason, both 5 kHz and 10 kHz can be possible for shift value from performance perspective. 
Also, if UE operates to detect synchronization signal at the one SS raster among the cluster of SS rasters with three different shift values, UE can enjoy to reduce the number of hypothesis for synchronization signal detection. 
Observation 1:
· Since NR UE has a capability to simultaneously detect both the shift value and carrier frequency offset at LTE refarming Band (i.e. up to 2.4GHz frequency range), PBCH decoding performance and PDSCH decoding performance are guaranteed.
Proposal 1:
· If RAN4 decides to keep the current shift value (i.e. +/-5kHz) or to change the shift value into +/-10kHz, RAN1 confirms the working assumption which is that the indication is in RMSI. 

3. OFDM waveform generation
In NR system, it is considered that carrier frequency of transmitter and receiver might not be same, which occurs abrupt change of signal phase at every symbol. In order to resolve the problem of OFDM waveform, RAN1 agreed as working assumption that the phase of (un-quantized) carrier frequency is reset to the determined value at OFDM symbol boundary. Also, it was agreed that baseband signal generation remains unchanged, and up-conversion formula for all channels/signals expect PRACH is changed, which can be described as equation (1).


                          (1)

When this agreement was made, RAN1 had an intention that the detail operation is up to the UE implementation. However, regarding this agreement, two major arguments (i.e. compensation of +/-5kHz shift value within a sync raster cluster, and the UE implementation complexity) were raised. In this section, we provide further discussion regarding these two issues.

Compensation of +/-5kHz shift value within a sync raster cluster
In the previous meeting, it was raised that larger number of PBCH/RMSI detector might be needed for option 3a than option 3b since +/-5kHz shift value within a sync raster cluster could be naturally compensated by AFC in case of option 3b. However, as presented by Intel, for option 3a, +/-5kHz shift value (indicated by RMSI) could be estimated with measurement of phase difference within a OFDM symbol despite small performance gap, which is not expected to degrade PBCH/RMSI detection performance, and option 3a does not need multiple PBCH/RMSI detector. Regardless of this discussion, RAN4 are under additional discussion to change into +/-10kHz shift value in order to support 30kHz sub-carrier spacing in LTE refarming Band. However, from the evaluation result in section 2, we can acknowledge that the PBCH detection performance degradation is marginal even when +/-10kHz shift value is assumed. Therefore, we can see that there is no clear benefit of option 3b in terms of compensation of shift value.
In addition, the large shift value (i.e. +/-100kHz) was proposed as a candidate in RAN4. If RAN4 decide to adopt the large shift value, both option 3a and option 3b require multiple PBCH/RMSI detector or intra-symbol frequency offset estimator. 
Observation 2: 
· SS/PBCH decoding performance degradation seems marginal with the larger frequency shift between sync raster, and the noticeable complexity increase of PBCH/RMSI detector is not observed according to option 3a/3b.

The UE implementation complexity
Also, it was raised that the complexity of phase reset (or phase compensation) for un-quantized carrier frequency might be larger than one of the quantized carrier frequency (option 3b, where the sync raster around absolute DC point determined from sync raster is used as common reference point). However, depending on the UE implementation method, this argument would be incorrect. In order to compare the UE implementation complexity, we provide the analysis of below three methods for UE implementation.
· Method-1) Phase reset (Phase pre-compensator)
· Method-2) Free-running oscillator and digital frequency converter
· Method-3) FFT resource mapping

In the describing of implementation methods, we assume that carrier frequency for up-conversion as common terminology is expressed as following equation:

              (2)





where  is carrier frequency for up-conversion,  is sub-carrier spacing, ,  and . 



Note. With the numerology defined in NR system, we need to find the minimum frequency with which one OFDM symbol interval including CP satisfies an integer number of cycles. Based on the definition, GCD of {144, 160, 2048} is 16, and the frequency with cycles of 16 samples is . Therefore,  (elementary frequency of ) means the base frequency which causes no phase variations across different OFDM symbols during up-conversion.

Method-1) Phase reset (Phase pre-compensator)
The quantity of phase ramping could be pre-compensated before up-conversion with free-running oscillator, which is shown in following equation (re-organization of equation (1)) and figure 2.


	                      (3)

where .



According to equation (2) and (3), phase pre-compensator needs 128 x 3 patterns for up-conversion frequency because ,  and  .

[image: ]
Figure 2. Phase reset (Phase pre-compensation)

Method-2) Free-running oscillator and digital frequency converter



Equation (1) could be rewritten into (4) using the characteristic of . It means that  is used as carrier frequency for up-conversion in order to avoid phase discontinuity from free-running oscillator. In addition to up-conversion with analog oscillator, digital oscillator is used for the residual frequency shift to , which can easily provide the function of phase reset at every OFDM symbol boundary.


          (4)

[image: ]
Figure 3. Digital frequency converter with phase reset

Method-3) FFT resource mapping 






In method-2, conversion frequency for digital oscillator could be divided into  and  as shown in figure 3. Among them,  is multiple of sub-carrier spacing and corresponds to component frequency of IFFT. Therefore, the function of frequency conversion corresponding to  could be implemented by resource re-mapping in IFFT. Therefore, the residual frequency corresponding to  is only the component causing phase discontinuity, which could be compensated as shown in equation (5) (corresponding to ) and figure 4. 


               (5)

where .
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Figure 4. Resource remapping of IFFT and phase reset




There may be various implementation techniques for phase compensation in addition to the method described above. (For option 3b, similar method could be also presented with free running oscillator for ) Based on the presented technique, phase compensation for un-quantized carrier frequency might needs larger memory storage than quantized version if method 1 is used for implementation. However, in case of method 3, just one pattern corresponding to  is needed as weight set for phase reset, and any additional multiplication for phase reset is not required if  is zero. Therefore, there is no difference between the solutions in terms of complexity depending on implementation methods.
Observation 3: 
· There exists various methods implementing the function of phase reset at OFDM symbol boundary, and the complexity of phase reset for un-quantized carrier frequency (option 3a) is not larger than phase reset of quantized carrier frequency depending on implementation method.

From the discussion, we can see that there is no clear evidence that option 3b has a noticeable benefit in a perspective of both shift value compensation and UE implementation complexity. Therefore, we propose to confirm working assumption as a solution for carrier frequency mismatch between transmitter and receiver.
Proposal 2: 
· Confirm working assumption as a solution for carrier frequency mismatch between transmitter and receiver.

4. Conclusion
In this documentation, we discussed on the remaining details including sync raster indication and OFDM waveform generation. As a conclusion, we summarize the observations and proposals as below:
Indication of the value of M for sync raster definition for FR1
Observation 1:
· Since NR UE has a capability to simultaneously detect both the shift value and carrier frequency offset at LTE refarming Band (i.e. up to 2.4GHz frequency range), PBCH decoding performance and PDSCH decoding performance are guaranteed.
Proposal 1:
· If RAN4 decides to keep the current shift value (i.e. +/-5kHz) or to change the shift value into +/-10kHz, RAN1 confirms the working assumption which is that the indication is in RMSI. 

OFDM waveform generation
Observation 2: 
· SS/PBCH decoding performance degradation seems marginal with the larger frequency shift between sync raster, and the noticeable complexity increase of PBCH/RMSI detector is not observed according to option 3a/3b.
Observation 3: 
· There exists various methods implementing the function of phase reset at OFDM symbol boundary, and the complexity of phase reset for un-quantized carrier frequency (option 3a) is not larger than phase reset of quantized carrier frequency depending on implementation method.
Proposal 2: 
· Confirm working assumption as a solution for carrier frequency mismatch between transmitter and receiver.

5. Reference
RAN1 NRAH-1801 meeting Chairman’s note 

Appendix A. Equation derivation of methods for phase reset
Method 1. Phase reset (Phase pre-compensator)



Method 2. Free-running oscillator and digital frequency converter

 

Method 3. FFT resource mapping



Appendix B. Implementation methods of Option 3b


              (6)
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Figure 5. Digital frequency converter with phase reset



                          (7)

[image: ]
Figure 6. Resource remapping of IFFT and phase reset

Appendix C. Evaluation assumptions
Table 1. Link-level Evaluation Assumptions
	Parameter
	Value

	Carrier Frequency
	2.4GHz

	Channel Model
	CDL_C (delay scaling values: 100ns) 

	Subcarrier Spacing
	15 kHz

	SS Raster Shift value
	0kHz / 5 kHz / 10 kHz

	Antenna Configuration
	TRP: (1,1,2) with Omni-directional antenna element
UE: (1,1,2) with Omni-directional antenna element

	CFO
	10 ppm

	CFO estimation range
	+/- 35 kHz

	CFO estimation resolution
	7.5 kHz

	CFO estimation method
	-  Operate multiple hypothesis using received PSS, 
-  Select max value of correlation result among the multiple hypothesis, 
-  Operate to detect cell-ID using SSS

	Default period
	20 ms

	Subframe duration
	1 ms

	OFDM symbols in SF
	14

	Number of interfering TRPs
	1

	Operating SNR
	-6 dB



Appendix D: Residual timing offset and carrier frequency offset (SNR -6dB)
Table 2. 50% and 90% tile residual timing offset and carrier frequency offset
	
	Residual timing offset (us)
	Residual carrier frequency offset (Hz)

	Shift value 0 kHz
	50% tile
	0.025
	1712

	
	90%tile
	0.076
	3368

	Shift value 5 kHz
	50% tile
	0.025
	1954

	
	90%tile
	0.076
	3480

	Shift value 10 kHz
	50% tile
	0.025
	1820

	
	90%tile
	0.078
	3410




Appendix E. Previous agreement

Agreements: (RAN1 NRAH-1801) [1]
· The value of M (as in 38.101) for sync raster definition (i.e., 0, ±1) for FR1 is informed to UE 
· Up to RAN4 to decide the set of offset values for FR1
· As a working assumption, the indication is in RMSI
· If the minimum distance between adjacent sync rasters is large enough (w.r.t the intial frequency offset tolerance), the indication is no longer necessary
· Send an LS to RAN2 and RAN4 – R1-1801109, which is approved and final LS is in R1-1801182

· For signal generation for both DL and UL, adopt the following:
· Transmitter generates signals for all symbols using a common reference tone 
· FFS: Which tone to use as the common reference tone
· FFS applicability to PRACH
· Send an LS to RAN4 regarding the following working assumption. Note that there are also other alternative(s) discussed in RAN1. 
· RAN1 asks RAN4 would especially appreciate if RAN4 can progress on the frequency offset associated with the value of M. RAN1 aims to make a decision in the early week of the next Feb. meeting. 
· (Working assumption) For signal generation:
· Agree to option 3a (unquantized)
· Baseband signal generation remains unchanged
· Change upconversion formula for all channels/signals expect PRACH to:
· 

 where 
· Upconversion formula for PRACH remains unchanged
· Draft LS to be prepared in R1-1801245, which is approved and final LS in R1-1801279


oleObject1.bin

image3.wmf
d

d

d

+

+

=

+

D

×

+

D

×

=

+

D

×

=

offset

group

offset

group

Tx

Tx

f

f

f

N

f

N

f

N

f

128


oleObject2.bin

image4.wmf
Tx

f


oleObject3.bin

image5.wmf
f

D


oleObject4.bin

image6.wmf
f

D

<

d


oleObject5.bin

image7.wmf
ë

û

128

/

Tx

group

N

N

=


oleObject6.bin

image8.wmf
128

0

<

£

offset

N


oleObject7.bin

image9.wmf
f

f

D

=

D

×

128

16

/

2048


oleObject8.bin

image10.wmf
f

D

128


oleObject9.bin

image11.wmf
group

f


oleObject10.bin

image12.wmf
(

)

(

)

{

}

t

f

j

N

N

k

j

T

N

t

t

f

N

N

k

k

j

p

l

k

p

Tx

l

Tx

l

l

start

e

e

e

a

t

x

p

p

m

m

m

m

m

2

1

0

2

2

)

,

(

,

)

,

(

RB

sc

size,

grid

,

c

,

CP

,

RB

sc

size,

grid

0

)

(

ˆ

×

×

×

=

å

-

=

Y

-

-

D

-

+


oleObject11.bin

image13.wmf
(

)

)

(

2

)

(

2

,

CP

,

,

CP

,

,

c

l

l

start

offset

c

l

l

start

Tx

l

Tx

T

N

t

f

N

T

N

t

f

m

m

d

p

p

+

×

+

D

-

=

+

×

-

=

Y


oleObject12.bin

image14.wmf
128

0

<

£

offset

N


oleObject13.bin

image15.wmf
kHz

5

,

0

±

=

d


oleObject14.bin

image16.wmf
1

)

(

2

,

CP

,

=

+

×

c

l

l

start

group

T

N

t

f

j

e

m

p


oleObject15.bin

image17.emf
IFFT

X

t f j

Tx

e



2

X

l Tx

j

e

,



Phase 

reset

Up-

conversion

    

f N f

Tx Tx

) , (

,



p

l k

a


image18.wmf
group

f


oleObject16.bin

image19.wmf
group

f


oleObject17.bin

image20.wmf
Tx

f


oleObject18.bin

image21.wmf
(

)

(

)

(

)

(

)

{

}

t

f

j

N

N

k

T

N

t

t

f

N

j

T

N

t

t

f

N

N

k

k

j

p

l

k

p

group

l

l

start

offset

l

l

start

e

e

e

a

t

x

p

d

p

p

m

m

m

m

m

m

2

1

0

2

2

2

)

,

(

,

)

,

(

RB

sc

size,

grid

c

,

CP

,

c

,

CP

,

RB

sc

size,

grid

0

)

(

ˆ

×

×

×

=

å

-

=

-

-

+

D

-

-

D

-

+


oleObject19.bin

image22.emf
IFFT

X

t f j

group

e



2

X

Freq. up-conversion 

& phase reset

Up-

conversion

f N f

N N f N f

Tx Tx

Tx offset offset offset

   

   



) 128 , modulo( ,

) , (

,



p

l k

a

 

) ( 2

l offset

t t f j

e

  

f N f

group group

  

128


image23.wmf
offset

f


oleObject20.bin

image24.wmf
d


oleObject21.bin

image25.wmf
f

N

f

offset

offset

D

×

=


oleObject22.bin

image26.wmf
offset

f


oleObject23.bin

image27.wmf
d


oleObject24.bin

image28.wmf
l

offset

Tx

,

_

Y


oleObject25.bin

image29.wmf
(

)

(

)

{

}

(

)

t

f

j

N

N

k

j

T

N

t

t

f

N

N

N

k

k

j

p

l

k

p

group

l

offset

Tx

l

l

start

offset

e

e

e

a

t

x

d

p

p

m

m

m

m

m

+

-

=

Y

-

-

D

-

+

+

×

×

×

=

å

2

1

0

2

2

)

,

(

,

)

,

(

RB

sc

size,

grid

,

_

c

,

CP

,

RB

sc

size,

grid

0

)

(

ˆ


oleObject26.bin

image30.wmf
)

(

2

,

CP

,

,

_

c

l

l

start

l

offset

Tx

T

N

t

m

pd

+

×

-

=

Y


oleObject27.bin

image31.emf
IFFT

X

t f j

group

e

) ( 2

  

X

Phase

Reset

for

Up-conversion

f N f

Tx Tx

    

) , (

,



p

l k

a

l offset Tx

j

e

, _



Resource 

mapping

(shift)

 

128 , modulo

tx offset

N N



f N f

group group

  

128




image32.wmf
d


oleObject28.bin

image33.wmf
d


oleObject29.bin

image34.wmf
d


oleObject30.bin

image35.wmf
(

)

(

)

{

}

(

)

(

)

(

)

(

)

{

}

(

)

(

)

{

}

t

f

j

N

N

k

j

T

N

t

t

f

N

N

k

k

j

p

l

k

t

f

j

N

N

k

T

N

t

f

j

T

N

t

t

f

N

N

k

k

j

p

l

k

T

N

t

t

f

j

N

N

k

T

N

t

t

f

N

N

k

k

j

p

l

k

p

Tx

l

Tx

l

l

start

Tx

l

l

start

Tx

l

l

start

l

l

start

Tx

l

l

start

e

e

e

a

e

e

e

a

e

e

a

t

x

p

p

m

p

p

p

m

p

p

m

m

m

m

m

m

m

m

m

m

m

m

m

2

1

0

2

2

)

,

(

,

2

1

0

2

2

2

)

,

(

,

2

1

0

2

2

)

,

(

,

)

,

(

RB

sc

size,

grid

,

c

,

CP

,

RB

sc

size,

grid

0

RB

sc

size,

grid

c

,

CP

,

c

,

CP

,

RB

sc

size,

grid

0

c

,

CP

,

RB

sc

size,

grid

c

,

CP

,

RB

sc

size,

grid

0

)

(

ˆ

×

×

×

=

×

×

×

=

×

×

=

å

å

å

-

=

Y

-

-

D

-

+

-

=

+

-

-

-

D

-

+

-

-

-

=

-

-

D

-

+


oleObject31.bin

image36.wmf
(

)

(

)

{

}

(

)

(

)

(

)

{

}

(

)

(

)

(

)

(

)

(

)

(

)

{

}

(

)

(

)

(

)

(

)

(

)

{

}

t

f

j

N

N

k

T

N

t

t

f

N

j

T

N

t

t

f

N

N

k

k

j

p

l

k

T

N

t

t

f

j

N

N

k

T

N

t

t

f

N

j

T

N

t

t

f

N

N

k

k

j

p

l

k

T

N

t

t

f

f

j

N

N

k

T

N

t

t

f

N

N

k

k

j

p

l

k

T

N

t

t

f

j

N

N

k

T

N

t

t

f

N

N

k

k

j

p

l

k

p

group

l

l

start

offset

l

l

start

l

l

start

group

l

l

start

offset

l

l

start

l

l

start

offset

group

l

l

start

l

l

start

Tx

l

l

start

e

e

e

a

e

e

e

a

e

e

a

e

e

a

t

x

p

d

p

p

m

p

d

p

p

m

d

p

p

m

p

p

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

2

1

0

2

2

2

)

,

(

,

2

1

0

2

2

2

)

,

(

,

2

1

0

2

2

)

,

(

,

2

1

0

2

2

)

,

(

,

)

,

(

RB

sc

size,

grid

c

,

CP

,

c

,

CP

,

RB

sc

size,

grid

0

c

,

CP

,

RB

sc

size,

grid

c

,

CP

,

c

,

CP

,

RB

sc

size,

grid

0

c

,

CP

,

RB

sc

size,

grid

c

,

CP

,

RB

sc

size,

grid

0

c

,

CP

,

RB

sc

size,

grid

c

,

CP

,

RB

sc

size,

grid

0

)

(

ˆ

×

×

×

=

×

×

×

=

×

×

=

×

×

=

å

å

å

å

-

=

-

-

+

D

-

-

D

-

+

-

-

-

=

-

-

+

D

-

-

D

-

+

-

-

+

+

-

=

-

-

D

-

+

-

-

-

=

-

-

D

-

+


oleObject32.bin

image37.wmf
(

)

(

)

{

}

(

)

(

)

(

)

{

}

(

)

(

)

(

)

(

)

(

)

{

}

(

)

(

)

(

)

(

)

{

}

(

)

(

)

(

)

{

}

(

)

t

f

j

N

N

k

j

T

N

t

t

f

N

N

N

k

k

j

p

l

k

t

f

j

N

N

k

T

N

t

j

T

N

t

t

f

N

N

N

k

k

j

p

l

k

t

f

j

T

N

t

t

j

N

N

k

T

N

t

t

f

N

j

T

N

t

t

f

N

N

k

k

j

p

l

k

T

N

t

t

f

f

j

N

N

k

T

N

t

t

f

N

N

k

k

j

p

l

k

T

N

t

t

f

j

N

N

k

T

N

t

t

f

N

N

k

k

j

p

l

k

p

group

l

offset

Tx

l

l

start

offset

group

l

l

start

l

l

start

offset

group

l

l

start

l

l

start

offset

l

l

start

l

l

start

offset

group

l

l

start

l

l

start

Tx

l

l

start

e

e

e

a

e

e

e

a

e

e

e

e

a

e

e

a

e

e

a

t

x

d

p

p

m

d

p

pd

p

m

p

pd

p

p

m

d

p

p

m

p

p

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

+

-

=

Y

-

-

D

-

+

+

+

-

=

+

-

-

-

D

-

+

+

-

-

-

=

-

-

D

-

-

D

-

+

-

-

+

+

-

=

-

-

D

-

+

-

-

-

=

-

-

D

-

+

×

×

×

=

×

×

×

=

×

×

×

×

=

×

×

=

×

×

=

å

å

å

å

å

2

1

0

2

2

)

,

(

,

2

1

0

2

2

2

)

,

(

,

2

2

1

0

2

2

2

)

,

(

,

2

1

0

2

2

)

,

(

,

2

1

0

2

2

)

,

(

,

)

,

(

RB

sc

size,

grid

,

_

c

,

CP

,

RB

sc

size,

grid

0

RB

sc

size,

grid

c

,

CP

,

c

,

CP

,

RB

sc

size,

grid

0

c

,

CP

,

RB

sc

size,

grid

c

,

CP

,

c

,

CP

,

RB

sc

size,

grid

0

c

,

CP

,

RB

sc

size,

grid

c

,

CP

,

RB

sc

size,

grid

0

c

,

CP

,

RB

sc

size,

grid

c

,

CP

,

RB

sc

size,

grid

0

)

(

ˆ


oleObject33.bin

image38.wmf
(

)

(

)

(

)

{

}

(

)

t

f

j

N

N

k

T

N

t

t

f

N

j

T

N

t

t

f

N

N

k

k

j

p

l

k

p

group

l

l

start

offset

l

l

start

e

e

e

a

t

x

d

p

p

p

m

m

m

m

m

m

+

-

=

-

-

D

-

-

D

-

+

×

×

×

=

å

2

1

0

2

2

2

)

,

(

,

)

,

(

RB

sc

size,

grid

c

,

CP

,

c

,

CP

,

RB

sc

size,

grid

0

)

(

ˆ


oleObject34.bin

image1.emf
0.001

0.01

0.1

1

-10 -9 -8 -7 -6 -5 -4

FER

SNR(dB)

PBCH FER, 15kHz Carrier spacing, 3km/h

Shift value 0kHz, Accume 4 times

Shift value 5kHz, Accume 4 times

Shift value 10kHz, Accume 4 times


image39.emf
IFFT

X

 

t f j

group

e

  

2

X

Freq. up-conversion 

& phase reset

Up-

conversion

) 128 , modulo( ,

Tx offset offset offset

N N f N f

   

) , (

,



p

l k

a

) ( 2

l offset

t t f j

e

 

f N f

f N f

Tx Tx

group group

   

  



128


image40.wmf
(

)

(

)

{

}

(

)

t

f

j

N

N

k

T

N

t

t

f

N

N

N

k

k

j

p

l

k

p

group

l

l

start

offset

e

e

a

t

x

d

p

p

m

m

m

m

m

+

-

=

-

-

D

-

+

+

×

×

=

å

2

1

0

2

2

)

,

(

,

)

,

(

RB

sc

size,

grid

c

,

CP

,

RB

sc

size,

grid

0

)

(

ˆ


oleObject35.bin

image41.emf
IFFT

X

t f j

group

e

) ( 2

  

Up-conversion

) , (

,



p

l k

a

Resource 

mapping

(shift)

 

128 , modulo

tx offset

N N



f N f

f N f

Tx Tx

group group

   

  



128


image42.wmf
(

)

(

)

{

}

c

,

CP

0

2

)

,

(

Re

T

N

t

f

j

p

l

l

e

t

s

m

p

m

-

×


oleObject36.bin

image43.wmf
(

)

c

,

CP

u

0

T

N

N

t

l

m

m

+

<

£


oleObject37.bin

image2.wmf
(

)

(

)

{

}

(

)

c

,

CP

,

RB

sc

size,

grid

c

,

CP

,

RB

sc

size,

grid

0

2

1

0

2

2

)

,

(

,

)

,

(

)

(

ˆ

T

N

t

t

f

j

N

N

k

T

N

t

t

f

N

N

k

k

j

p

l

k

p

l

l

start

Tx

l

l

start

e

e

a

t

x

m

m

m

m

p

p

m

m

-

-

-

=

-

-

D

-

+

×

×

=

å


