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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The following agreements were achieved in previous meetings:
Agreements: RAN1#91 ‎[1]
· A UE is RRC signaled with the following for common PRB indexing
· Offset between a reference location and the lowest subcarrier of the reference PRB [point A] (i.e. PRB0 in previous agreements)
· For DL in Pcell, the reference location is the lowest subcarrier of the lowest PRB of the cell-defining SSB after floating SSB is resolved
· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI, which is based on ARFCN after floating ARFCN is resolved
· For Scell, the reference location is the frequency location indicated in the SCell configuration, which is based on ARFCN after floating ARFCN is resolved
· For SUL, the reference location is the frequency location indicated in the SUL configuration, which is based on ARFCN after floating ARFCN is resolved
· The reference PRB is expressed based on 15KHz SCS for FR1 and 60KHz SCS for FR2
· The offset in the unit of PRB is indicated based on 15KHz SCS for FR1 and 60KHz SCS for FR2
· Common PRB with index 0 for all SCSs contains point A
· Offset between point A and the lowest subcarrier of the lowest usable PRB of a given SCS
· The offset is indicated in the unit of PRB based on the given SCS
· k0 for each SCS if k0 is kept in Section 5.3 of TS38.211
· Channel BW of the carrier configured to the UE
· Note: the offsets defined above should cover a frequency range larger than R15 defined maximal bandwidth
· The lowest subcarrier of the lowest PRB of the cell-defining SSB can be set with the granularity of channel raster after floating SSB is resolved
· From RAN1, RMSI is assumed to be always PRB-aligned with PRB grid. However, the current 4-bit PRB grid offset in PBCH with 15kHz SCS can’t ensure the above assumption when RMSI has 30kHz SCS. Therefore, for FR1, RAN1 agrees to increase from 4-bit PRB grid offset to 5-bit PRB grid offset in PBCH where the 5-bit PRB gird offset in PBCH is in unit of subcarrier based on 15kHz SCS, while for FR2, there is still 4-bit PRB grid offset and RAN1 assumes the 4-bit PRB grid offset in PBCH is in unit of subcarrier based on RMSI numerlogy.  Send LS to RAN4 – Zhenfei (Huawei) R1-1721578
· The LS in R1-1721578 is approved by removing the paragraph (including the figure) after the agreements. Final LS in R1-1721669
· For Pcell DL in paired spectrum and Pcell DL & UL in unpaired spectrum, the above information is signaled to a UE is indicated in RMSI
· For Pcell UL in paired spectrum, the above information is indicated in RMSI and it’s also used to determine the frequency location of initial active UL BWP in paired spectrum
· The range of offset values is 0~(275*8-1), which requires 12 bits

Agreements: RAN1#92 ‎[2]
· For RRC parameter k0, it takes values -6, 0 and 6
Conclusion: RAN1#92bis ‎[3]
•	It is RAN1’s understanding that the f0 does not have to be on the channel raster nor the center of the RF filter


In section 5.3 of 38.211 the parameteris used in the OFDM signal generation formula:
	Text from 38.211 section 5.3.1:

	



The time-continuous signal  on antenna port  and subcarrier spacing configuration  for OFDM symbol  in a subframe for any physical channel or signal except PRACH is defined by

	

where  is the time within the subframe, 






 is given by clause 4.2, and  is the subcarrier spacing configuration. The starting position of OFDM symbol  for subcarrier spacing configuration in a subframe is given by






The value of  is obtained from the higher-layer parameter k0 and is such that the lowest numbered subcarrier in a common resource block for subcarrier spacing configuration  coincides with the lowest numbered subcarrier in a common resource block for any subcarrier spacing configuration less than .



and in section 5.4 of 38.211, the upconversion formula is as follows:
	Text from 38.211 section 5.4:





Modulation and upconversion to the carrier frequency  of the complex-valued OFDM baseband signal for antenna port , subcarrier spacing configuration , and OFDM symbol  in a subframe assumed to start at  is given by 


for all channels and signals except PRACH and by


for PRACH.



In this contribution, we discuss the parameter  in the OFDM signal generation formula.
[bookmark: _Ref509826903]Discussion on 
Currently, values -6, 0 and 6 are supported for the parameter k0. However, these values cannot support all mixed numerology configurations in a carrier. In particular, consider the examples of 20MHz and 25MHz carriers illustrated in Figure 1 and Figure 2. In each example, 
· Guardband values are based on the minimum guardband requirement of RAN4 for each SCS (TS38.104 Table 5.3.3-1).
· The maximum transmission bandwidth allowed by RAN4 is utilized for at least one numerology (TS38.104 Table 5.3.2-1), and accordingly, the maximum possible transmission bandwidths for other numerologies are utilized while complying with the nested RB grid. 
· For each of k0 values {-6,0,+6} for 60kHz, the resulting values of k0 for other numerologies are indicated in the figure.
[image: ][image: ]
[bookmark: _Ref513105770]Figure 1. Values of  for the case of mixed numerologies in a 20MHz carrier.
[image: ]
[image: ]
[bookmark: _Ref513105777]Figure 2. Values of  for the case of mixed numerologies in a 25MHz carrier.
It can be seen in the above figures that  can take additional integer values if both 15kHz and 60kHz SCS exist in a carrier.
Observation 1: If both 15kHz and 60kHz exist in a carrier, the parameter  takes other integer values in addition to {-6,0,+6}.
[bookmark: _Ref513192876]Therefore, the current RRC values {-6,0,+6} for cannot fully support the mixed numerology configurations of a carrier. To resolve this issue, one way is to add more values to the possible values of   for RRC signaling. However, to determine the new values of , all possible carrier configurations need to be considered and investigated. Note that here we provided some configuration examples that show that new values are needed. It is not clear whether these are all the possible values or not. On the other hand, as will be discussed later, there is a relationship between the values of  for different numerologies. Therefore, the RRC signalling of  which allows for signalling of independent values of  for different numerologies, allows for potential misconfiguration of the carrier in mixed numerology cases. This will result in several error cases which need to be potentially handled by UE. Moreover, according to the relationship between the values of  for different numerologies, the current RRC signalling of  is an unnecessary RRC overhead, especially for pcell where  is currently signalled in RMSI.
In the following, we provide two alternatives to resolve the current issues of :
Alt. 1 Derivation of  using a formula
The locations of the RB grids of all numerologies are indicated to the UE using RRC parameters   and  . It can be seen from the OFDM signal generation formula and the upconversion formula in TS38.211 that the parameter  is the subcarrier offset from the “middle subcarrier” of numerology  (i.e. the ‘th subcarrier in the  subcarriers) to , as illustrated in Figure 3.
[image: ]
[bookmark: _Ref513040017]Figure 3. Relationship between ,  and other parameters in the carrier.
From Figure 3, one can write

Therefore, for two any numerologies  and :

Rewriting the above equation for , we have
	.


Therefore, the value of  for numerology µ can be derived from the value of  for another numerology  together with other higher layer parameters.
Observation 2: The parameter  for numerology µ can be derived from  for a numerology  and RRC parameters , , , and .
- Choice of : Although any numerology which is supported in the carrier can technically be chosen as , it is desirable to choose  to be the numerology with largest SCS configured in the carrier since it guarantees an integer value of  for any other numerology µ (because  is integer for any  and the rest of parameters are always integer).
- Choice of : In RAN1#92bis, a use case was discussed where the network may need to ensure that the same value of  is used in two neighboring cells in case different number of numerologies are configured in the neighboring cells, e.g. one cell is configured with {15kHz, 30kHz} and the other cell with {15kHz, 30kHz, 60kHz}. It was argued that having the same value of  might be useful for handover. However, it is not clear in which use case the two neighboring cells from the same operation need to be configured with different number of numerologies. The same set of numerologies can be configured for both cells, and each cell can configure a UE with any desired numerology from the same set of numerologies. Moreover, since it was concluded in RAN1#92bis that  does not have to be on the channel raster nor the center of the RF filter, the channel raster or the RF implementations do not impose any restriction to the value of .  Therefore, the value of  can be predefined in the spec and can be any arbitrary integer number. The simplest choice is , and accordingly,   can be derived using: 
	



Alt. 2 Remove  from the specification TS38.211
It was concluded in RAN1#92bis that “It is RAN1’s understanding that the  does not have to be on the channel raster nor the center of the RF filter”. Therefore,  can be considered as a reference frequency which is used for upconversion in specification. However although the conclusion was made in RAN1, it is not clear enough what is , and what is the relationship between  and other parameters. From the conclusion,  can be anywhere. And  is only one reference frequency. We need to make it more clear.
One straightforward way is taking the frequency of point A, as the reference frequency, because it is known to the UE and it is the same for all numerologies. And this can also simplify the signaling and the signal generation formula in the specification.
In real implementation the upconversion/downconversion frequency can be choosing freely because the upconversion frequency of point A is just one reference frequency in the specification and any frequency can serve as a reference frequency for the upconversion/downconversion in real implementation. It has no impact on the real product implementation. 
Observation 3: Taking the frequency of point A as the upconversion frequency is straightforward and there is no impact on the implementation.
As a consequence,  can be removed from the OFDM signal generation formula in TS38.211, and accordingly, the following simplified signal generation formula can be used for all channels except PRACH: 
	


For PRACH, the following expression is used for the parameter 
	


The simplified baseband signal generation does not change the generated signal, and  is removed by assuming that the upconversion frequency is the frequency of point A. A proof of the proposed formula is provided as below according to the parameters shown in figure 4. And we can also observe that taking frequency of point A as the upconversion frequency can make  unnecessary in the specification in the proof equations. 
	· Proof of the simplified signal generation formula after removing  from the specification
We can see that there is a relationship between the carrier frequency   and the frequency of point A as. And the relationship is 

Using the current specification we can get the generated signal after upconversion is
  
   
And replace the  in the above formula with 

[bookmark: _GoBack]We can get that the generated signal after upconversion is
                   
                   
 
  
Then we can derive the simplified signal generation formula as

[image: ]
Figure 4 illustration of the frequency domain configuration of a carrier


In summary, we have the following proposal:
Proposal 1: One of the following alternatives is taken for OFDM signal generation:
· Alt. 1. The parameter  in the OFDM baseband signal generation formula is derived using 

where  is the numerology with largest SCS configured in the carrier.
· Alt. 2. Remove  from the specification
· Remove  from the  OFDM baseband signal generation formula and signalling; 
· The frequency of point A is used for upconversion frequency 
· The signal generation formula for all channels except PRACH is simplified as

And the parameter  for PRACH is changed as

Note that the above formulas assumes subcarrier  represents the first subcarrier of the configured carrier bandwidth. 

Conclusion
Observation 1: If both 15kHz and 60kHz exist in a carrier, the parameter  takes other integer values in addition to {-6,0,+6}.
Observation 2: The parameter  for numerology µ can be derived from  for a numerology  and RRC parameters , , , and .
Observation 3: Taking the frequency of point A as the upconversion frequency is straightforward and there is no impact on the implementation.
Proposal 1: One of the following alternatives is taken for OFDM signal generation:
· Alt. 1. The parameter  in the OFDM baseband signal generation formula is derived using 

where  is the numerology with largest SCS configured in the carrier.
· Alt. 2. Remove  from the specification
· Remove  from the  OFDM baseband signal generation formula and signalling; 
· The frequency of point A is used for upconversion frequency 
· The signal generation formula for all channels except PRACH is simplified as

And the parameter  for PRACH is changed as

References
[bookmark: _Ref505592184]Chairman notes RAN1#91.
[bookmark: _Ref509408774]Chairman notes RAN1#92.
[bookmark: _Ref513107440]Chairman notes RAN1#92bis.
image1.wmf
m

0

k


oleObject1.bin

image2.wmf
(

)

t

s

p

l

)

,

(

m


oleObject2.bin

image3.wmf
p


oleObject3.bin

image4.wmf
m


oleObject4.bin

image5.wmf
{

}

subframe,slot

slotsymb

0,1,...,1

lNN

m

Î-


oleObject5.bin

image6.wmf
(

)

(

)

(

)

å

-

=

-

-

D

-

+

×

=

1

0

2

2

)

,

(

,

)

,

(

RB

sc

size,

grid

,

start

c

,

CP

RB

sc

size,

grid

0

N

N

k

t

T

N

t

f

N

N

k

k

j

p

l

k

p

l

l

l

e

a

t

s

m

m

m

m

m

p

m

m


oleObject6.bin

image7.wmf
(

)

c

,

CP

u

,

start

,

start

T

N

N

t

t

t

l

l

l

m

m

m

m

+

+

<

£


oleObject7.bin

image8.wmf
ï

î

ï

í

ì

×

¹

¹

×

×

=

=

+

×

×

=

×

=

-

-

-

-

m

m

m

m

m

m

m

m

k

k

k

k

k

2

7

 

and

 

0

  

prefix,

 

cyclic

 

normal

2

144

2

7

or 

 

0

  

prefix,

 

cyclic

 

normal

16

2

144

prefix

 

cyclic

 

extended

2

512

2

2048

,

CP

u

l

l

l

l

N

N

l


oleObject8.bin

image9.wmf
f

D


oleObject9.bin

image10.wmf
m


oleObject10.bin

image11.wmf
l


oleObject11.bin

oleObject12.bin

image12.wmf
(

)

î

í

ì

×

+

+

=

=

-

-

otherwise

0

0

c

1

CP,

u

1

,

start

,

start

T

N

N

t

l

t

l

l

l

m

m

m

m


oleObject13.bin

image13.wmf
{

}

0

6,0,6

k

m

Î-+


oleObject14.bin

image14.wmf
m


oleObject15.bin

oleObject16.bin

image15.wmf
0

f


oleObject17.bin

oleObject18.bin

oleObject19.bin

image16.wmf
l


oleObject20.bin

image17.wmf
0

=

t


oleObject21.bin

image18.wmf
(

)

(

)

þ

ý

ü

î

í

ì

×

-

-

c

CP,

,

start

0

2

)

,

(

Re

T

N

t

t

f

j

p

l

l

l

e

t

s

m

m

p

m


oleObject22.bin

image19.wmf
(

)

{

}

t

f

j

p

l

e

t

s

0

2

)

,

(

Re

p

m

×


oleObject23.bin

image20.emf
20 MHz

106 RBs

51 RBs

23 RBs

𝑘 0 0   𝑘 0 1   𝑘 0 2  

= +12

= +6

= +6

452.5 KHz

805 KHz

1330 KHz

𝑓 0  

452.5 KHz

805 KHz

1330 KHz

𝑓 0   𝑓 0   𝑘 0 0   𝑘 0 1   𝑘 0 2  

= -12

= -6

= 0

𝑘 0 0   𝑘 0 1   𝑘 0 2  

= -36

= -18

= -6


image21.emf
20 MHz

106 RBs

51 RBs

23 RBs

𝑘 0 0   𝑘 0 1   𝑘 0 2  

=+36

=+18

= +6

452.5 KHz

805 KHz

1330 KHz

𝑓 0  

452.5 KHz

805 KHz

1330 KHz

𝑓 0   𝑓 0   𝑘 0 0   𝑘 0 1   𝑘 0 2  

= +12

= +6

= 0

𝑘 0 0   𝑘 0 1   𝑘 0 2  

=-12

=-6

=-6


image22.emf
132 RBs

65 RBs

30 RBs

𝑘 0 0   𝑘 0 1   𝑘 0 2  

= +12

= +6

= +6

𝑓 0   𝑓 0   𝑓 0   𝑘 0 0   𝑘 0 1   𝑘 0 2  

= -12

= -6

= 0

𝑘 0 0   𝑘 0 1   𝑘 0 2  

= -36

= -18

= -6

25 MHz

522.5 KHz

785 KHz

522.5 KHz

785 KHz

1310 KHz


image23.emf
132 RBs

65 RBs

30 RBs

𝑓 0   𝑓 0   𝑓 0   𝑘 0 0   𝑘 0 1   𝑘 0 2  

=+36

=+18

= +6

𝑘 0 0   𝑘 0 1   𝑘 0 2  

= +12

= +6

= 0

𝑘 0 0   𝑘 0 1   𝑘 0 2  

=-12

=-6

=-6

522.5 KHz

785 KHz

522.5 KHz

785 KHz

1310 KHz


image24.emf
Middle subcarrier of the 

carrier for numerology µ

First subcarrier of the carrier 

for numerology µ

Point A


image25.png
Point A, fo Center subcarrier

Offset of first usable PRB Ny ' of SCS 2* x 15 KHz carrier bandwidth
et of first usable





