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1 Introduction
This contribution discusses OFDM Baseband Signal Generation for initial access. The corresponding part of R1-1720272 is updated with more elaboration.
2 OFDM Baseband Signal Generation
Initial access UE does not know the DL system bandwidth center because;
· DL system bandwidth center may not be the same as the SSB bandwidth center 
· The UE has not been informed about DL system bandwidth center yet
Therefore, mismatch between UE’s baseband center frequency assumption and the actual signal center frequency is unavoidable. Consequently, the UE will suffer from unknown phase rotation across OFDM symbols. This will impact UE performance until the UE identify the frequency mismatch and compensate it. 
The mathematical representation of the phase rotation is as follow:
Assume that each OFDM symbol of the baseband signal transmitted from gNB is represented as 
	
	(1)


where  is subcarrier index and  is symbol index.  is the relative time within one OFDM symbol;  is the length of CP and  is the length of OFDM symbol without CP;  is the data transmitted;  is the subcarrier spacing. 
Given that gNB center frequency is , each OFDM symbol of the transmitted signal can be represented as
	
	(2)


where  is the starting position of OFDM symbol l, which is given by
	 
	(3)



Assuming the UE center frequency as  (i.e., , the UE detected SSB bandwidth center during initial access), its received signal after mixer is
	
	(4)


where  and . Note that the center frequency offset is always an integer number of subcarrier. Therefore,  is an integer number and can be taken care of by adjusting subcarrier index implicitly. Therefore, the impact of this center frequency offset is only the unknown per-symbol phase rotation . 
Observation 1: For initial access, UE’s baseband center frequency assumption and the actual signal center frequency are likely to be different. Consequently, the initial access UE will suffer from unknown phase rotation across OFDM symbols if no phase compensation is done at the network side.
Observation 2: Before RRC connection is established, the phase rotation impact due to the center frequency mismatch would become worse when UE receives RMSI and other channels, e.g., msg2/4. This is because PDSCH transmission does not have enough DMRS for UE to estimate/compensate the phase rotation.
If the center frequency offset can be informed in early stage, e.g., via MIB, UE would be able to recover the phase rotation impact after the point of MIB acquisition. However, MIB payload is already overloaded so that no more room would be available to accommodate the center frequency offset signaling. Further, phase rotation problem still remains when initial access UE receives SSB (i.e., before UE acquires MIB).
Therefore, in order to address the phase rotation problem for initial access, the gNB transmitter side compensation would be needed. That is, gNB compensate the phase rotation in advance by taking the difference between the center of system BW and the center of SSB transmission and UE does not require any signaling for the center frequency during initial access procedure. 

For example, in LTE NB-IoT, the phase rotation issue is addressed by having following OFDM baseband signal generation taking into account the center frequency difference between NB-IoT and LTE signal (i.e., ):
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10.2.8	OFDM baseband signal generation
…








for    where  and,  if resource element is used for Narrowband IoT except for NPRS, and 0 otherwise including NPRS. The quantity  is the frequency location of the center of the Narrowband IoT PRB minus the frequency location of the center of the LTE signal. 



For NR, if gNB pre-compensates the phase rotation, the OFDM baseband signal transmitted from gNB can be represented as following:
, where  	(5)
Then, when UE receives SSB,  and  cancel out, so phase rotation issue can be addressed. 

When receiving other signals (including signals in initial active BWP and in the active BWP), the UE will have  and . In this case,  and  () do not cancel out, and hence the UE needs to be signalled to compensate  (). For initial active BWP, the frequency offset from the SSB center to the BWP center is signalled in MIB, and hence the offset can be compensated at the UE. For active BWP, however, no such indication has been introduced in NR yet. Hence, it is proposed that  should be signalled in RMSI for UE to compensate the phase rotation.
Proposal 1: For initial access, gNB compensates the phase rotation by taking the difference between the center of system BW and the center of SSB transmission. DL system bandwidth center () should be signalled in RMSI for UE to compensate the phase rotation.
3 Conclusion
Observation 1: For initial access, UE’s baseband center frequency assumption and the actual signal center frequency are likely to be different. Consequently, the initial access UE will suffer from unknown phase rotation across OFDM symbols if no phase compensation is done at the network side.
Observation 2: Before RRC connection is established, the phase rotation impact due to the center frequency mismatch would become worse when UE receives RMSI and other channels, e.g., msg2/4. This is because PDSCH transmission does not have enough DMRS for UE to estimate/compensate the phase rotation.
[bookmark: _GoBack]Proposal 1: For initial access, gNB compensates the phase rotation by taking the difference between the center of system BW and the center of SSB transmission. DL system bandwidth center () should be signalled in RMSI for UE to compensate the phase rotation.

oleObject1.bin

image2.wmf
(

)

ë

û

é

ù

å

å

=

÷

÷

ø

ö

ç

ç

è

æ

-

D

-

-

=

÷

÷

ø

ö

ç

ç

è

æ

-

D

×

+

×

=

+

+

-

-

2

/

1

2

)

(

'

,

1

2

/

2

)

(

'

,

)

(

'

RB

sc

DL

RB

s

DL

symb

mod

'

,

CP

)

(

'

,

)

(

RB

sc

DL

RB

s

DL

symb

mod

'

,

CP

)

(

'

,

)

(

N

N

k

T

N

t

f

k

j

p

l

k

N

N

k

T

N

t

f

k

j

p

l

k

p

l

N

l

l

k

N

l

l

k

e

a

e

e

a

e

t

s

p

q

p

q


oleObject2.bin

image3.wmf
(

)

s

,

CP

0

T

N

N

t

l

´

+

<

£


oleObject3.bin

image4.wmf
ë

û

2

RB

sc

DL

RB

)

(

N

N

k

k

+

=

-


oleObject4.bin

image5.wmf
ë

û

1

2

RB

sc

DL

RB

)

(

-

+

=

+

N

N

k

k


oleObject5.bin

oleObject6.bin

image6.wmf
)

'

,

(

l

k


oleObject7.bin

image7.wmf
IoT

NB

f

-


oleObject8.bin

image1.wmf
÷

÷

ø

ö

ç

ç

è

æ

+

=

å

=

-

'

0

7

mod

,

'

,

'

2

l

i

i

CP

s

IoT

NB

l

k

N

N

l

T

f

j

p

q


