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1. Introduction
In this contribution, we discuss the remaining details on synchronization signal, including channel raster, multiple SSB and waveform. 

2. Discussion
Channel Raster and sync raster
In RAN4#85 meeting [2], channel raster and sync raster for NR were agreed. Especially, for up to 2.65GHz frequency range, 100 kHz channel raster has been agreed. Also, sync raster is determined as N*900 kHz + M* 5 kHz (i.e. sync raster is {895, 900, 905, 1795, 1800, 1805, 2695, 2700, 2705…, 2649.605} kHz). Thus, there are three candidate of sync raster per every 900 kHz. In this case, UE should acquire the exact frequency position of SS/PBCH block. If not, up to 10 kHz offset can occur time drifting, hence the time drifting could bring a problem in sleep-wake up process when UE is in DRX mode.
One possible way to get the exact frequency position is that UE operates SSS signal detection and PBCH decoding with multiple hypothesis. However, if there is no significant performance difference on the three candidate position, it is hard for UE to acquire the position information by means of detecting SSS and decoding PBCH. For example, since up to 10 kHz offset according to channel raster could be similar as 10 kHz frequency offset effect, UE could perform Cell ID detection, SS/PBCH block time index detection and PBCH decoding although the performance could be degraded.
If UE have to know 5 kHz offset of sync raster, it seems appropriate that network indicates the M value (+1, 0, -1) to UE. The indication of M value should be necessary for LTE re-farming band. The indication of M value can be transmitted by using MIB or RMSI, since it is desirable that M value is known to UE in the early stage of initial access. For example, 2 bits can be used for M value indication when M value indication is transmitted by using MIB. 4 states of 2 bits compose -1, 0, +1, and NULL (NULL is used for above 2.4 GHz frequency range). M value is composed as shown in Table 1.


Table 1. M value table for below 2.65 GHz frequency range
	Code word
	Offset

	00
	- 5 kHz (M= -1)

	01
	0 kHz (M= 0)

	10
	5 kHz (M= 1)

	11
	NULL




Proposal 1: 
· Network should indicate M value (i.e. sync raster offset around N*900kHz) to UE for below 2.65 GHz frequency range.
· The value of M is indicated by using MIB or RMSI
· For M value indication, 2 bits are defined as below:
	Code word
	Offset

	00
	- 5 kHz (M= -1)

	01
	0 kHz (M= 0)

	10
	5 kHz (M= 1)

	11
	NULL



Multiple SS/PBCH Block in frequency domain
In RAN1#91 meeting, it was agreed that SS/PBCH block without RMSI can be transmitted and detected by UE. Also, NO RMSI signaling is delivered by using MIB. When UE detect NO RMSI signaling during initial access process, UE should check sync raster to find SS/PBCH block with RMSI. If next SS/PBCH block also doesn’t have corresponding RMSI, UE should continue checking next sync raster. 
For an efficient synchronization process, it is desirable to indicate the frequency position of SS/PBCH block with RMSI when receiving NO RMSI signaling initially. MIB of SS/PBCH block without RMSI doesn’t have to contain 8 bits for configuration of RMSI CORESET, so the 8bits can be used for indication of frequency position of SS/PBCH block which have corresponding RMSI. For example, 8 bits can indicate the frequency position of sync raster which SS/PBCH block located. 

Observation 2: 
· When UE detect NO RMSI signaling during initial access process, UE should check sync raster to find SS/PBCH block with RMSI.

Proposal 2: 
· For an efficient synchronization process, it is desirable to indicate the frequency position of SS/PBCH block with RMSI when receiving NO RMSI signaling initially.
· 8bits for configuration of RMSI CORESET can be used for indication of frequency position of SS/PBCH block which have corresponding RMSI.

Waveform



In NR system, bandwidth and carrier frequency of active BWP configured for UE might not be same with bandwidth and carrier frequency of gNB. In this case, since periodicity of carrier frequency is not aligned with OFDM symbol boundary, the symbol is rotated with different phase per symbol, which makes symbol recovery impossible. The phase rotation per symbol is () where and. Therefore, in order to solve the problem, the phase should be compensated by someone and we should determine it. After RAN1#91 meeting, OFDM symbol generation issue has been actively discussed through the Email reflector. From the email discussion, there are three options for OFDM symbol generation. The detail formulas is described below. 
	Tx signal : 

 
Rx signal : 

 

 


where , 

 : Tx side compensation

 : Rx side compensation

	Option 1 & 2


,  , for SS/PBCH block and RMSI


,  , for other signals and channels

	Option 3


1) ,  could be used. 

2) However, any values could be used only if. 



 

where  is the reference point and the N is derived from the closest frequency among multiple of 2^u 1.92MHz. In this case, the range of NTx and NRx is from -64 to 63.



From the above description, three options are almost the same method. The main problem is how the phase compensation term from phase discontinuity could be divided. The phase compensation could be performed only on one side (Option 1 & 2) or on both side (Option 3), which is related to the availability of carrier frequency information in opposite side. For selecting efficient option out of three, we propose to select Option 1 & 2, because if the information on the carrier frequency of other side is known, the phase could be compensated in one side. In other words, the phase is pre-compensated by gNB with pre-assumption of carrier frequency used by UE, and any additional operation is not needed for UE. 
Proposal 3: 
· Option 1 & 2 is more efficient option, because if the information on the carrier frequency of other side is known, the phase could be compensated in one side.
· If Option 3 is down-selected for OFDM symbol generation method, values for compensation can be defined as below:



 


3. Conclusion
In this contribution, we discuss the remaining details on synchronization signal, including sync raster, multiple SSB and waveform. 
Channel Raster and sync raster
Proposal 1: 
· Network should indicate M value (i.e. sync raster offset around N*900kHz) to UE for below 2.65 GHz frequency range.
· The value of M is indicated by using MIB or RMSI
· For M value indication, 2 bits are defined as below:
	Code word
	Offset

	00
	- 5 kHz (M= -1)

	01
	0 kHz (M= 0)

	10
	5 kHz (M= 1)

	11
	NULL




Multiple SSB in frequency domain
Observation 2: 
· When UE detect NO RMSI signaling during initial access process, UE should check sync raster to find SS/PBCH block with RMSI.

Proposal 2: 
· For an efficient synchronization process, it is desirable to indicate the frequency position of SS/PBCH block with RMSI when receiving NO RMSI signaling initially.
· 8bits for configuration of RMSI CORESET can be used for indication of frequency position of SS/PBCH block which have corresponding RMSI.

Waveform
Proposal 3: 
· Option 1 & 2 is more efficient option, because if the information on the carrier frequency of other side is known, the phase could be compensated in one side.
· If Option 3 is down-selected for OFDM symbol generation method, values for compensation can be defined as below:



 

4. Reference
RAN1#91 meeting Chairman’s note 
RAN4#85 meeting Chairman’s note 
[91-NR-03] OFDM symbol generation

Appendix A
	Agreements: (RAN1 #91) [1]
· In Rel-15, no support of dedicated signalling of the location of additional multiple SS/PBCH blocks in frequency domain of a cell for rate matching purposes 
· The periodicity of the SS/PBCH blocks for the serving cell is included in the RMSI of the serving cell
· For measurement, SSB frequency location (except for cell defining SS/PBCH blocks of the serving cell which supports standalone access) may or may not be located on the sync raster
· If no RMSI is associated with SSB (if supported), FFS whether or not to reuse for other purposes

	[91-NR-03] [3]
· Option 1)
· gNB pre-compensates phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH as phase reference
· gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of SS/PBCH as phase reference
· For all other signals/channels, gNB does not pre-compensate phase
· Note: UE will utilize channel bandwidth and k0 signaling in RMSI for any needed compensation at the Rx side
· Option 2)
· gNB pre-compensates phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH as phase reference
· gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of RMSI CORESET as phase reference
· For all other signals/channels, gNB does not pre-compensate phase.
· Note: UE will utilize channel bandwidth and k0 signaling in RMSI for any needed compensation at the Rx side
· Option 3)
· gNB pre-compensates all OFDM symbols using Tx center frequency as phase reference
· It is expected that UE compensates phase of OFDM symbols at the Rx side using Rx center frequency as phase reference




image2.wmf
offset

f

Tx

Tx

N

f

D

+

D

×

=


oleObject2.bin

image3.wmf
offset

f

Rx

Rx

N

f

D

+

D

×

=


oleObject3.bin

image4.wmf
(

)

(

)

(

)

t

f

j

N

N

k

T

N

t

t

N

N

k

k

j

p

l

k

t

f

j

p

l

p

Tx

l

l

start

f

Tx

e

e

a

e

t

s

t

x

p

p

m

p

m

m

m

m

m

2

1

0

2

2

)

,

(

,

2

)

,

(

)

,

(

RB

sc

RB

c

,

CP

,

RB

sc

RB

0

)

(

×

×

=

×

=

å

-

=

-

-

D

-

+


oleObject4.bin

image5.wmf
(

)

(

)

t

f

f

j

N

N

k

T

N

t

t

N

N

k

k

j

p

l

k

t

f

j

p

p

Rx

Tx

l

l

start

f

Rx

e

e

a

e

t

x

t

x

)

(

2

1

0

2

2

)

,

(

,

2

)

,

(

)

,

(

RB

sc

RB

c

,

CP

,

RB

sc

RB

0

)

(

)

(

ˆ

-

-

=

-

-

D

-

+

-

×

×

=

×

=

å

p

p

m

p

m

m

m

m

m


oleObject5.bin

image6.wmf
(

)

(

)

(

)

(

)

(

)

{

}

(

)

(

)

(

)

{

}

(

)

(

)

(

)

{

}

Rx

Tx

l

l

start

Rx

Tx

f

l

l

start

f

l

l

start

comp

Rx

f

l

l

start

comp

Tx

f

l

l

start

Rx

Tx

f

l

l

start

f

l

l

start

Rx

Tx

f

l

l

start

Rx

Tx

f

l

l

start

f

Rx

Tx

l

l

start

f

j

j

N

N

k

T

N

t

t

N

N

j

T

N

t

t

N

N

k

k

j

p

l

k

T

N

t

N

j

T

N

t

N

j

N

N

k

T

N

t

t

N

N

j

T

N

t

t

N

N

k

k

j

p

l

k

T

N

t

N

N

j

N

N

k

T

N

t

t

N

N

j

T

N

t

t

N

N

k

k

j

p

l

k

t

f

f

j

N

N

k

T

N

t

t

N

N

k

k

j

p

l

k

p

e

e

e

e

a

e

e

e

e

a

e

e

e

a

e

e

a

t

x

y

y

p

p

m

p

p

p

p

m

p

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

-

-

=

-

-

×

-

D

-

-

D

-

+

+

×

D

-

+

×

D

-

=

-

-

×

-

D

-

-

D

-

+

+

×

-

D

-

=

-

-

×

-

D

-

-

D

-

+

-

-

=

-

-

D

-

+

×

×

×

×

=

×

×

×

×

=

×

×

×

=

×

×

=

å

å

å

å

1

0

)

(

2

2

2

)

,

(

,

)

(

2

)

(

2

1

0

)

(

2

2

2

)

,

(

,

)

(

)

(

2

1

0

)

(

2

2

2

)

,

(

,

)

(

2

1

0

2

2

)

,

(

,

)

,

(

RB

sc

RB

c

,

CP

,

c

,

CP

,

RB

sc

RB

0

c

,

CP

,

,

c

,

CP

,

,

RB

sc

RB

c

,

CP

,

c

,

CP

,

RB

sc

RB

0

c

,

CP

,

RB

sc

RB

c

,

CP

,

c

,

CP

,

RB

sc

RB

0

RB

sc

RB

c

,

CP

,

RB

sc

RB

0

)

(

ˆ


oleObject6.bin

oleObject7.bin

oleObject8.bin

image7.wmf
Tx

j

e

y


oleObject9.bin

image8.wmf
Rx

j

e

y


oleObject10.bin

image9.wmf
Rx

Tx

comp

Tx

N

N

N

-

=

,


oleObject11.bin

image10.wmf
0

,

=

comp

Rx

N


oleObject12.bin

image11.wmf
0

,

=

comp

Tx

N


oleObject13.bin

image12.wmf
Rx

Tx

comp

Rx

N

N

N

-

=

,


oleObject14.bin

image13.wmf
Tx

comp

Tx

N

N

=

,


oleObject15.bin

image14.wmf
Rx

comp

Rx

N

N

=

,


oleObject16.bin

image15.wmf
MHz

92

.

1

2

,

,

×

´

+

-

=

-

m

N

N

N

N

N

Rx

Tx

comp

Rx

comp

Tx


oleObject17.bin

image16.wmf
ú

û

ù

ê

ë

é

þ

ý

ü

î

í

ì

×

=

128

,

kHz

15

2

mod

u

Tx

Tx

f

round

N


oleObject18.bin

image17.wmf
ú

û

ù

ê

ë

é

þ

ý

ü

î

í

ì

×

=

128

,

kHz

15

2

mod

u

Rx

Rx

f

round

N


oleObject19.bin

image18.wmf
MHz

92

.

1

2

×

´

m

N


oleObject20.bin

oleObject21.bin

oleObject22.bin

oleObject23.bin

oleObject24.bin

image1.wmf
(

)

(

)

c

l

CP

l

start

Rx

Tx

f

T

N

t

N

N

m

p

,

,

2

+

×

-

×

D


oleObject1.bin

