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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


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 necessity of  in the OFDM signal generation formula and how to determine the value of this parameter.
[bookmark: _Ref509826903]Possible values for 
It can be seen from the OFDM signal generation formula of section 5.3.1 in TS38.211 together with the upconversion formula of section 5.4 in TS38.211 that the parameter  is the subcarrier offset from the “middle subcarrier” of the  usable subcarriers of numerology  (i.e. the ‘th subcarrier in the  subcarriers) to the carrier frequency . Therefore, to determine the set of possible values for , the possible mappings of the carrier frequency  to the resource grid should be first clarified. The mapping between the RF reference frequency on the channel raster and the corresponding resource element is given in table 5.4.2.2-1 of TS38.104 ‎[3]. The mapping depends on the total number of RBs that are allocated in the channel and applies to both UL and DL.
Table 5.4.2.2-1 (TS38.104): Channel Raster to Resource Element Mapping
	

	

	


	
Resource element index 
	0
	6

	
Physical resource block number 

	

	




It is also specified in TS38.104 that “The mapping must apply to at least one numerology supported by the BS”. We first note that Table 5.4.2.2-1 cannot always be applied to all existing numerologies in a carrier because it may break the RB grid alignment if more than one numerology exist in a carrier. As a particular example, consider a carrier which supports both 15KHz SCS and 30KHz SCS in an NR operating band with ΔFraster=100KHz. If the total number of RBs for 15KHz SCS is an odd number, based on the nested RB grid of mixed numerologies, it is not possible for the middle subcarriers of both RB grids to simultaneously lie on the 100KHz channel raster. In this example, as illustrated in Figure 1, the middle subcarriers of the grids of 15KHz SCS and 30 KHz SCS are 90KHz away from each other, which is not an integer multiple of ΔFraster=100KHz. 
[image: ]
[bookmark: _Ref509580873]Figure 1. Relationship between middle subcarriers of the RB grids of different numerologies.
Observation 1: If more than one SCS exist in a carrier and the number of RBs with the smallest SCS is odd, the RB grid alignment will be broken if the middle subcarriers of usable RB ranges of all SCSs are required to lie on the channel raster.


Therefore, in the following we discuss the following interpretation: Table 5.4.2.2-1 is applied to the smallest numerology, if more than one numerology exist in a carrier.
This may result in fractional values for . As a particular example, consider a 15MHz carrier which supports all SCSs {15KHz, 30KHz, 60KHz} in FR1, and consider the following setting:
· Guardband values are based on the minimum guardband requirement of RAN4 for each SCS for 15MHz carrier (TS38.104 Table 5.3.3-1).
· For 15KHz SCS, the maximum transmission bandwidth of 79 RBs is utilized, which fully utilizes the available carrier bandwidth.
· The carrier frequency is assumed to coincide with subcarrier 6 of the middle RB of the 79 RBs of 15KHz SCS, i.e. 40th RB (TS38.104 Table 5.4.2.2-1).
· For 30KHz and 60KHz SCS, the transmission bandwidths (number of RBs) are the maximum transmission bandwidths that satisfy both the guardband and the nested RB grid.
Figure 2 shows all possible RB arrangement with the above setting. For each RB arrangement, the corresponding value of  of each numerology µ is also indicated in the figure. It can be seen in the figure that  can take additional values {-4.5,-3,-1.5,+1.5,+3,+4.5} (in addition to the agreed values {-6,0,+6}).

[image: ]
[image: ]
[image: ]
[image: ]
[bookmark: _Ref509588420]Figure 2. Different RB arrangements and their corresponding value of  for the case of mixed numerologies {15KHz, 30KHz, 60KHz} in a carrier.
Observation 2: If two SCSs exist in a carrier and the number of RBs with the smaller SCS is odd, the parameter  for the larger SCS takes additional values {-3,+3} if the carrier frequency is required to lie on the middle subcarrier of usable RB range of the smaller SCS.
Observation 3: If three SCSs exist in a carrier and the number of RBs with the smallest SCS is odd, the parameter  takes additional values {-4.5,-3,-1.5,+1.5,+3,+4.5} if the carrier frequency is required to lie on the middle subcarrier of usable RB range of the smallest SCS.
Since both 1.5 and 4.5 can satisfy the RB alignment of mixed numerology for 60kHz SCS, it may not be necessary to support both values. Also the absolute value of  should be minimized in order to make the guard band as symmetric as possible, and thus 1.5 is preferred to be supported rather than 4.5. 
Proposal 1: Additional values {-3, -1.5, +1.5, +3} should be supported for .
Determination of 
For any numerology , the offset between point A and the lowest subcarrier of the lowest usable RB is indicated by  which is provided by the higher layer parameters offset-pointA-low-scs, and the number of usable RBs of that numerology is indicated by  which is provided by the higher layer parameter BW. As mentioned in Section ‎2, the parameter  indicates the subcarrier offset from the “middle subcarrier” of the  usable subcarriers of numerology to the carrier frequency . Since the carrier frequency  is the same for all numerologies, it can be easily verified that the difference (in actual frequency) between  and   is equal to the difference (in actual frequency) between the middle subcarriers of usable RB ranges of numerologies  and . Let us denote the number of subcarriers from point A to the middle subcarrier of usable RB range of numerology  by  which can be obtained by:
	.



Then, we have 
,
or equivalently,
	.


Therefore, the value of  for numerology µ can be derived from the value of  for another numerology  together with other higher layer parameters. In other words, the value of  can be RRC signaled for a numerology  and derived for other numerologies.
Observation 4: The parameter  for numerology µ can be derived from  for a numerology  and RRC parameters , , , and .
Any numerology which is supported in the carrier can technically be chosen as . One possible choice is to take the numerology of RMSI as .  
Proposal 2: The value of  is RRC signaled to the UE only for one numerology . The value of  for any other numerology  is derived by the UE using , where .
Conclusion
Observation 1: If more than one SCS exist in a carrier and the number of RBs with the smallest SCS is odd, the RB grid alignment will be broken if the middle subcarriers of usable RB ranges of all SCSs are required to lie on the channel raster.
Observation 2: If two SCSs exist in a carrier and the number of RBs with the smaller SCS is odd, the parameter  for the larger SCS takes additional values {-3,+3} if the carrier frequency is required to lie on the middle subcarrier of usable RB range of the smaller SCS.
Observation 3: If three SCSs exist in a carrier and the number of RBs with the smallest SCS is odd, the parameter  takes additional values {-4.5,-3,-1.5,+1.5,+3,+4.5} if the carrier frequency is required to lie on the middle subcarrier of usable RB range of the smallest SCS.
Proposal 1: Additional values {-3, -1.5, +1.5, +3} should be supported for .
Observation 4: The parameter  for numerology µ can be derived from  for a numerology  and RRC parameters , , , and .
[bookmark: _GoBack]Proposal 2: The value of  is RRC signaled to the UE only for one numerology . The value of  for any other numerology  is derived by the UE using , where .
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[bookmark: _Ref509837134]TS38.104 “NR; Base Station (BS) radio transmission and reception”.
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