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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#AH 1801[1], the OFDM baseband signal generation related issues were. And following conclusions were achieved as:
Agreements:
· For signal generation for both DL and UL, adopt the following:
· Transmitter generates signals for all symbols using a common reference tone (f0)
· FFS: Which tone to use as the common reference tone
· FFS applicability to PRACH
Agreements:
· 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
Agreements:
· 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
In this contribution, we further discuss the above two working assumptions. 
Discussion
Discussion on the OFDM baseband signal generation




For baseband signal generation at transmitter, 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 [6]:



Where  is the time within the subframe.

After up-conversion for symbol l with the pre-compensation phase , we have: 


The range of variation t is not correct in the current specification [6]. 
Observation 1: The range of variation t is not correct in the current 38.211 upconversion section. 
We provide a TP in Annex E to emend this issue. 
Proposal 1: For the upconversion formula for all channels/signals except PRACH, adopt the TP in Annex E.
We can define the complex signal before downlink conversion in UE side:


For the UE receiver, after doing the downlink conversion, we have:




where, is the sync error between the detected signal (e.g. SSB) central frequency f1 and the Rx carrier frequency. Then the UE receiver can do phase compensation using  by digital baseband as:

           (1)




Where . The value of 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 . The determination of the value of k0 is discussed later in section 2.3. 
For the above equation (1), we can find: 
· 
The part is common to all detected signal, which can be removed by the channel estimation and equalization of the UE receiver.
· 
The part is phase difference between different symbols. 
· 
The part  is the part who will result in some subcarrier shift comparing to the original transmitted frequency signal, and the left non-integer phase difference will change with the sample point within every OFDM symbols.
For the frequency band under 2.65GHz as following table in [3]: 
Table 1: GSCN parameters for the global frequency raster [3]
	Frequency range
	SS block frequency position SSREF
	Range of GSCN

	0 – 2650 MHz
	N*900kHz+ M*5kHz, N=1:[2944], M=-1:1
	1 – [8832]

	2400 – 24250 MHz
	2400MHz+N*1.44MHz,N= 0:[15173]
	[8833-24006]

	24250 – 100000 MHz
	[24250.08] MHz+N*[17.28]MHz, N= 0:[4383]
	[24007 – 28390]






For SSB reception, the range of frequency difference between the transmitted entry and the detected entry i.e.  would be [-10, 10] kHz whatever one or three entry will be detected by the UE receiver. While the parameter will depends on the accuracy of the UE’s crystal oscillator. For example, if the accuracy of the UE’s crystal oscillator is 20ppm, then for 2.65GHz, the will be [-53, 53] kHz. As the above example, the range of will be: [-63, 63] kHz. This kinds of range of frequency uncertainty will put some challenging in the UE receiver. By the way, phase detection performance within one OFDM will be impacted by SINR during the initial access stage. Some residual frequency offset detection error will still exist under some high interference or low SNR scenarios. Hence, for below 2.65GHz, we prefer to increase the SSB frequency position for the three candidate entries to no more than 60Hz. This can eliminate the potential overlapping between the three candidate entries. But this is up to RAN4’s decision. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Observation 2: for below 2.65GHz, increasing the M candidate SS block entry frequency positions will relax the UE implementation.  
By the way, the option 3B (quantized) in [2] will have no any essential improvement to the phase offset detection. And the current working assumption of option 3A (unquantized) can work with some additional UE detection complexities. While this kinds of additional detection complexities are not coming from the option 3A, it is coming from the necessary phase comprehension operation. 
Observation 3: for phase compensation operation, the option 3B (quantized) does not provide any additional benefits for baseband signal generation.  
Discussion on the indication of M for below 2.65GHz
Note that, a field in PBCH is used to indicate the PRB-grid offset in order to resolve the float sync. Particularly for frequency range 0-2.65GHz, the channel raster is on the frequency of multiple of 100kHz. Then it can be observed that each entry within the three SS raster with a given N corresponds to restricted values of PRB grid offset indicated in PBCH, and the relationship may be different for different repetition granularity for SS raster. 
For 5kHz repetition granularity for SS raster, the PRB grid offset can only be even values when SSB is placed on N*900kHz. While odd values of PRB grid offset are available on the condition that SSB is placed on N*900kHz5kHz. Detailed relationships for different SCS combinations are listed in Table I in Annex D. In this case, when a UE receives a PBCH, the UE can obtain that the frequency location of the SS/PBCH block is on N*900kHz or N*900kHz5kHz according to the value of the indicated PRB grid offset. 
Observation 4: For frequency range 0-2.65GHz, the field for indicating the PRB-grid offset between SS/PBCH block and common resource block already informs that the frequency location of the SS/PBCH block is on N*900kHz or N*900kHz5kHz.
Since it was identified that current SS raster for frequency range 0-2.65GHz would lead much restriction on the usage of channel raster, e.g., (N*900100)kHz, (N*900200)kHz and (N*900400)kHz cannot be used as center frequency of a bandwidth with SSB and common resource block of 30kHz SCS. RAN4 has considered to modify the value of repetition granularity for SS raster to be X*10 kHz where X is a positive integer. If the repetition granularity for SS raster changes to be 10 kHz as an example, then only even values of PRB grid offset are available for all the SS raster entries. Detailed relationship between SS raster and PRB grid offset for different SCS combinations are shown in Table III in Annex D.
[bookmark: _Ref506201627]Determination of the parameter k0 in OFDM signal generation





For the parameter  in the equation for signal generation, if the value of  for all the supported SCSs are variable, there would be a large quantity of combinations of  with different SCSs. In fact, the value of for a numerology  can be derived from the value  for a reference numerology  together with parameters , , , and , where the subscript x refers to the transmission direction DL or UL. The reference numerology  can be taken as the numerology with the lowest SCS supported in a given carrier and the value of  for  can be set to zero. Then, the value of  is given by the following proposal. The details of the derivation can be found in our companion [7].
And in RAN4, for a given channel bandwidth, the maximum transmission bandwidth, i.e. the maximum number of PRBs are defined. For each defined transmission bandwidth, symmetric guard band should be ensured for the carrier, thus the quantity of  values in the following tables should be at least supported based on the supported SCSs and maximum transmission bandwidth defined in Table 5.3.2-1 in [3].



Table 2: Combinations of i.e.  or  for different channel bandwidth
	Minimum configured SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	15
	(0,-3), (0,3)
	(0,0,0)
	(0,-3,-1.5),
(0,3,1.5)
	(0,0,-3),(0,0,3)
	(0,-3,1.5),(0,3,-1.5)
	(0,0,0)
	(0,0,-3),(0,0,3)
	N/A
	N/A
	N/A

	30
	0
	(0,0)
	(0,0)
	(0,-3), (0,3)
	(0,-3), (0,3)
	(0,0)
	(0,-3), (0,3)
	(0,0)
	(0,-3), (0,3)
	(0,-3), (0,3)

	60
	N/A
	0
	0
	0
	0
	0
	0
	0
	0
	0



Proposal 2: The value of  in OFDM signal generation for numerology  and transmission direction x is given by , where  is the numerology with the lowest subcarrier spacing configured in the carrier, and . And the  in the table should be at least supported. 
	Minimum configured SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	15
	(0,-3), (0,3)
	(0,0,0)
	(0,-3,-1.5),
(0,3,1.5)
	(0,0,-3),(0,0,3)
	(0,-3,1.5),(0,3,-1.5)
	(0,0,0)
	(0,0,-3),(0,0,3)
	N/A
	N/A
	N/A

	30
	0
	(0,0)
	(0,0)
	(0,-3), (0,3)
	(0,-3), (0,3)
	(0,0)
	(0,-3), (0,3)
	(0,0)
	(0,-3), (0,3)
	(0,-3), (0,3)

	60
	N/A
	0
	0
	0
	0
	0
	0
	0
	0
	0



Determine the carrier center frequency f0 for uplink conversion
For the channel bandwidth and the potential required guard band, RAN4 has clearly definition as Annex C.
According to the current agreements in Annex A and 38.311 specification [4], we can draw the following Figure 1 for frequency relationship for the agreed parameters within a carrier. From the figure 1, we cannot obtain the carrier frequency f0 because: 
· The point A is a reference logic conception, which is used as a channel PRB reference point. But we have no agreements to say whether the point A is the lowest PRB of the channel edge (shown in Annex C). We also noticed that in the agreements (shown in Annex A) we have a note as: “Note: the offsets defined above should cover a frequency range larger than R15 defined maximal bandwidth”. This means the point A cannot be the exact of the lowest PRB of the configured carrier. 
· The virtual carrier is also not clear for the UE. It looks more like a subset of the PRBs of the configured carrier not all the usable PRBs within the configured carrier. From our understanding, at least for some co-existence case, the virtual carrier can be smaller than the channel bandwidth in the configured carrier. If we align to RAN4 the “carrierBandwidth” should be the same as “Transmission Bandwidth Configuration”, while we haven’t this conclusion in RAN4. 
· The “offsetToVirtualCarrier” this is also not aligned with RAN4’s conception of Guardband. And if we need to align them, the parameter unit should be “RE” not “RB”.
[image: ]
Figure 1: frequency relationship for the agreed parameters within a carrier
Please note that: for communication, the above agreements are enough, while to obtain the carrier frequency f0, the above information is not enough.
Observation 5: from the current agreements and specification in 38.331, the carrier frequency f0 cannot be obtained by UE.
While for the uplink phase pre-compensation in the UE side, the UE should know the carrier frequency f0. Otherwise, both the phase pre-compensation and upconversion cannot be done for the UE.  
To treat the above issues, we have three options: 
· Option 1: indicating carrier frequency f0 for uplink in the RMSI. This option will have no change or clarification on the current agreements. 
· Option 2: to clarify the parameters “offsetToVirtualCarrier”, “absoluteFrequencyPointA”, “carrierBandwidth” to the following value to align with RAN4’s definition as:
· The “pointA” is the channel edge
· The “offsetToVirtualCarrier” is the Guardband
· The “carrierBandwidth” is the “Transmission Bandwidth Configuration”
· Option 3: UE sets the VirtualCarrier center frequency as the f0, no further clarification or additional signaling are needed. 
For option 2, there will be some unnecessary limitation to the gNB since the NR transmission is BWP-based transmission. The gNB has the freedom to configure the above parameter under many consideration e.g.: the co-existence with other system or transmission.  But for option 3, the real f0 will be different from the UE obtain f0 from indicated parameters. This will result some RAN4 issue if the upconversion carrier frequency is wrong. Hence, from the above discussion, the simplest way is to indicate the uplink upconversion carrier frequency f0.
From the above discussion, we have the following proposal as: 
Proposal 3: for the UE to do upconversion, the uplink carrier frequency f0 is indicated in RMSI. 
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: The range of variation t is not correct in the current 38.211 upconversion section. 
Observation 2: for below 2.65GHz, increasing the M candidate SS block entry frequency positions will relax the UE implementation.  
Observation 3: for phase compensation operation, the option 3B (quantized) does not provide any additional benefits for baseband signal generation.  
Observation 4: For frequency range 0-2.65GHz, the field for indicating the PRB-grid offset between SS/PBCH block and common resource block already informs that the frequency location of the SS/PBCH block is on N*900kHz or N*900kHz5kHz.
Observation 5: from the current agreements and specification in 38.331, the carrier frequency f0 cannot be obtained by UE.
Proposal 1: For the upconversion formula for all channels/signals except PRACH, adopt the TP in Annex E.
Proposal 2: The value of  in OFDM signal generation for numerology  and transmission direction x is given by , where  is the numerology with the lowest subcarrier spacing configured in the carrier, and . And the  in the table should be at least supported. 
	Minimum configured SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	15
	(0,-3), (0,3)
	(0,0,0)
	(0,-3,-1.5),
(0,3,1.5)
	(0,0,-3),(0,0,3)
	(0,-3,1.5),(0,3,-1.5)
	(0,0,0)
	(0,0,-3),(0,0,3)
	N/A
	N/A
	N/A

	30
	0
	(0,0)
	(0,0)
	(0,-3), (0,3)
	(0,-3), (0,3)
	(0,0)
	(0,-3), (0,3)
	(0,0)
	(0,-3), (0,3)
	(0,-3), (0,3)

	60
	N/A
	0
	0
	0
	0
	0
	0
	0
	0
	0



Proposal 3: for the UE to do upconversion, the uplink carrier frequency f0 is indicated in RMSI. 
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Annex A: agreements for configured carrier parameters
Agreements@RAN1#91:
· 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

Annex B: the current specification in 38.331 for configured carrier parameters [4]
–	FrequencyInfoDL
The IE FrequencyInfoDL provides basic parameters of a downlink carrier and transmission thereon. 
FrequencyInfoDL information element
-- ASN1START
-- TAG-FREQUENCY-INFO-DL-START

[bookmark: _Hlk505296607]FrequencyInfoDL ::= 				SEQUENCE {
	-- Frequency of the SSB to be used for this serving cell. 
	absoluteFrequencySSB					GSCN-ValueNR,
	-- The frequency domain offset between SSB and the overall resource block grid in number of subcarriers. 
	-- Absence of the field indicates that no offset is applied (offset = 0). See 38.211, section 7.4.3.1)
[bookmark: _Hlk503917613]	ssb-SubcarrierOffset				INTEGER (1..15)																	OPTIONAL,
	-- Absolute frequency position of the lowest subcarrier (point A) of the reference PRB (Common PRB 0). 
	-- Corresponds to L1 parameter 'offset-ref-low-scs-ref-PRB' (see 38.211, section FFS_Section)
	absoluteFrequencyPointA						ARFCN-ValueNR																	OPTIONAL,

	-- A set of virtual carriers for different subcarrier spacings (numerologies). Defined in relation to Point A.
	-- Corresponds to L1 parameter 'offset-pointA-set' (see 38.211, section FFS_Section)
	scs-SpecificCarriers				SEQUENCE (SIZE (1..ffsValue)) OF SCS-SpecificVirtualCarrier,
	...
}

-- TAG-FREQUENCY-INFO-UL-STOP
-- ASN1STOP

[bookmark: _Toc505697547]–	SCS-SpecificVirtualCarrier
The IE SCS-SpecificVirtualCarrier provides parameters determining the location and width of a carrier with a specific subcarrier spacing (SCS).
-- ASN1START
-- TAG-SCS-SPECIFIC-VIRTUAL-CARRIER-START

SCS-SpecificVirtualCarrier ::=			SEQUENCE {
	-- Offset in frequency domain between Point A (lowest subcarrier of common PRB 0) and the lowest usable subcarrier on this virtual carrier.
	-- The maximum value corresponds to 275*8-1. Corresponds to L1 parameter 'offset-pointA-low-scs' (see 38.211, section FFS_Section)
	offsetToVirtualCarrier				INTEGER (0..2199),
	-- Subcarrier spacing of this virtual carrier. It is used to convert the offsetToVirtualCarrier into an actual frequency. 
	-- Corresponds to L1 parameter 'ref-scs' (see 38.211, section FFS_Section)
	subcarrierSpacing					SubcarrierSpacing																	OPTIONAL,
	-- FFS_Description (see 38.211, section FFS_Section)
	k0									FFS_Value																			OPTIONAL, 
	-- Width of this virtual carrier in number of PRBs (using the subcarrier spacing defined for this virtual carrier)
	-- Corresponds to L1 parameter 'BW' (see 38.211, section FFS_Section)
	carrierBandwidth					INTEGER (1..maxNrofPhysicalResourceBlocks)											OPTIONAL,
	...
}

-- TAG-SCS-SPECIFIC-VIRTUAL-CARRIER-STOP 
-- ASN1STOP
[bookmark: _Toc505697548]–	FrequencyInfoUL
The IE FrequencyInfoUL provides basic parameters of an uplink carrier and transmission thereon. 
FrequencyInfoUL information element
-- ASN1START
-- TAG-FREQUENCY-INFO-UL-START

FrequencyInfoUL ::= 				SEQUENCE {
	-- Absolute frequency of the lowest subcarrier (point A) of the reference PRB (Common PRB 0). 
	-- Corresponds to L1 parameter 'offset-ref-low-scs-ref-PRB' (see 38.211, section FFS_Section)
	absoluteFrequencyPointA						ARFCN-ValueNR,					
	-- A set of virtual carriers for different subcarrier spacings (numerologies). Defined in relation to Point A.
	-- Corresponds to L1 parameter 'offset-pointA-set' (see 38.211, section FFS_Section)
	scs-SpecificCarriers				SEQUENCE (SIZE (1..ffsValue)) OF SCS-SpecificVirtualCarrier,

	additionalSpectrumEmission			AdditionalSpectrumEmission										OPTIONAL,	-- Need S
	p-Max								P-Max															OPTIONAL,	-- Need S
	-- Enable or disable the NR UL transmission with a 7.5KHz shift to the LTE raster
	frequencyShift7p5khz				ENUMERATED {true}												OPTIONAL,	-- Cond FDD
	...
}

-- TAG-FREQUENCY-INFO-UL-STOP
-- ASN1STOP
[bookmark: _Toc505697549]–	GSCN-ValueNR
The IE GSCN-ValueNR is used to indicate the frequency positions of the SS/PBCH Blocks, as defined in TS 38.101 [15].
-- ASN1START
-- TAG-GSCN-VALUE-NR-START

GSCN-ValueNR ::=				CHOICE {
	-- Frequency raster index and offset for 0 - 2,65 GHz. Corresponds to parameter 'N' (see 38.101, section FFS_Section)
	lowCarrierFrequency				SEQUENCE {
		frequencyIndex					INTEGER (1..2944),
		-- An offset of -5kHz (M=-1) or +5kHz (M=1) to the absoluteFrequencySSB. When the field is absent, the UE applies no offset (M=0).
		-- The offset is only applicable for the frequency range 0-2.65GHz. Corresponds to parameter 'M' (see 38.101, section FFS_Section)
		frequencyOffsetSSB				FrequencyOffsetSSB																OPTIONAL	-- Need R
	},
	-- Frequency raster index for 2.4GHz - 24,25 GHz. Corresponds to parameter 'N' (see 38.101, section FFS_Section)
	midCarrierFrequency				INTEGER (0..15173),
	-- Frequency raster index for 24.25-100GHz range. Corresponds to parameter 'N' (see 38.101, section FFS_Section)
	highCarrierFrequency			INTEGER (0..4383)
}

FrequencyOffsetSSB ::=				ENUMERATED { minus5kHz, plus5kHz }

-- TAG-GSCN-VALUE-NR-STOP
-- ASN1STOP

Annex C: the definition of channel bandwidth in 38.101
The definition of channel bandwidth in 38.101 in section 5.3.1 [5].
The minimum guardband for each UE channel bandwidth and SCS is specified in Table 5.3.3-1.The relationship between the channel bandwidth, the guardband and the transmission bandwidth configuration is shown in Figure 5.3.3-1.
Table 5.3.3-1: Minimum guardband for each UE channel bandwidth and SCS (kHz)
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	[592.5]
	552.5
	692.5
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	[945]
	905
	1045
	825
	925
	845

	60
	N/A
	1010
	990
	1330
	1310
	[1290]
	1610
	1570
	1530
	1450
	1370



NOTE: The minimum guardbands have been calculated using the following equation: (CHBW x 1000 (kHz) - RB value x SCS x 12) / 2 - SCS/2, where RB values are from Table 5.3.2-1.
[image: ]
Figure 5.3.3-1 Definition of channel bandwidth and transmission bandwidth configuration for one NR channel
Annex D: 
Table D-1. Relationship between SS raster (N*900kHz+M*5kHz) and PRB grid offset
	SCS of SSB
	SCS of common resource block
	SS raster
	PRB grid offset
(in unit of subcarrier)

	15kHz

	15kHz
	N*900kHz
	0,2,4,6,8,10

	
	
	N*900kHz5kHz
	1,3,5,7,9,11

	
	30kHz
	N*900kHz
	0,2,4,6,8,10,12,14,16,18,20,22

	
	
	N*900kHz5kHz
	1,3,5,7,9,11,13,15,17,19,21,23

	30kHz

	15kHz
	N*900kHz
	0,2,4,6,8,10

	
	
	N*900kHz5kHz
	1,3,5,7,9,11

	
	30kHz
	N*900kHz
	0,2,4,6,8,10,12,14,16,18,20,22

	
	
	N*900kHz5kHz
	1,3,5,7,9,11,13,15,17,19,21,23



Table D-I. Relationship between SS raster (N*900kHz+M*10kHz) and PRB grid offset
	SCS of SSB
	SCS of common resource block
	SS raster
	PRB grid offset
(in unit of subcarrier)

	15kHz

	15kHz
	N*900kHz
	0,2,4,6,8,10

	
	
	N*900kHz10kHz
	0,2,4,6,8,10

	
	30kHz
	N*900kHz
	0,2,4,6,8,10,12,14,16,18,20,22

	
	
	N*900kHz10kHz
	0,2,4,6,8,10,12,14,16,18,20,22

	30kHz

	15kHz
	N*900kHz
	0,2,4,6,8,10

	
	
	N*900kHz10kHz
	0,2,4,6,8,10

	
	30kHz
	N*900kHz
	0,2,4,6,8,10,12,14,16,18,20,22

	
	
	N*900kHz10kHz
	0,2,4,6,8,10,12,14,16,18,20,22



Table D-3 [3]: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[TBD]
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	[TBD]
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	[TBD]
	51
	65
	79
	107
	135



Annex E:
-------------------------------------------- Unchanged parts omitted -----------------------------------------
---------------------------------------------- Start of Text Proposal ------------------------------------------

[bookmark: _Toc500952641]5.4	Modulation and upconversion






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 within  is given by 


for all channels and signals except PRACH and by


for PRACH.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------
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