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Introduction 
RAN#86 meeting approved WID RP-193213 [1] targeting:
· “Channel raster: Confirm that NR channel raster can be aligned with LTE center frequencies.” 
Two NR channel raster options, 100 and 300 kHz, were discussed during the RAN4 #94-e meeting but no agreement was achieved [2]. A third and fourth raster option of 15 and 30 kHz are part of the current draft of the standard for band n48 [9]. A WF for further study was proposed [3]. In this contribution, we provide a brief summary of the of DSS in band 48/n48 channel raster challenges and makes appropriate observations and proposals.
Proposals based on this analysis are contained in companion document R4-2003464. 
NR channel raster in band 48/n48 
[bookmark: _Toc13821307][bookmark: _Toc13823307]Based on TS 36.101 Section 5.7, LTE channels are defined by center frequency and bandwidth. LTE carrier center frequency must be an integer multiple of 100 kHz channel raster. More details are provided in Section 5.1.
However, NR channels have two groups of parameters that define the synchronization signal (SS/PBCH) resource block grid and separately the relative position of the common resource block grid. These two resource block grids, which may or may not be resource block aligned [14], are defined by a group of parameters, as illustrated in Figure 1, including 
· Common Resource Block grid:
· absoluteFrequencyPointA: serves as a common reference point for resource block (RB) grids and is defined by NR-ARFCN [4] and [5];
· carrierBandwidth: The width of this carrier in number of PRBs using the subcarrier spacing defined for this carrier [6]. For band n48, 10 MHz nominal channel width, the maximum value is 24 for 30 kHz SCS or 52 for 15 kHz SCS [13];
· offsettoCarrier: Offset in frequency domain between Point A (lowest subcarrier of common RB 0) and the lowest usable subcarrier on this carrier in number of PRBs (using the subcarrier spacing for this carrier) [6].
· SS/PBCH Resource Block grid:
· offsetToPointA: represents the frequency offset between point A and the lowest subcarrier of the lowest RB which has the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and overlaps with the SS/PBCH block used by the UE for initial cell selection .  offsetToPointA is expressed in 180 kHz steps for FR1. The band n48 range: 0:2199, [4], [6] and [7];
· kSSB: represents the frequency domain offset between SSB and the overall resource block grid in number of subcarriers. For FR1 the range 0:23 [8];
· absoluteFrequencySSB: center frequency of SSB/PBCH, defined by global synchronization channel number (GSCN) [9], [10]. Note that absoluteFrequencySSB is not center of the channel. The frequency offset between the first subcarrier of SSB/PBCH and absoluteFrequencySSB is 3.6 MHz (10 RBs).
Note that absoluteFrequencySSB can only take a defined set of NR-ARFCN values identified by GSCN index. GSCN is defined [10] with an increment of 1.2 MHz below 3 GHz and 1.44 MHz above 3 GHz. This increment is also defined as sync raster and governs the position of the SSB.
[image: ]
Figure 1. Parameters that define a NR channel.
Observation 1: NR channels are not defined by center frequency.
Accordingly, we consider the goal of an NR channel raster analysis for band n48 is to determine if NR channels can be defined to fit within the 10 MHz channels identified in the FCC band plan for 3.5 GHz priority access licensing (PAL) seen in Figure 2.
[image: ]
Figure 2. FCC 10MHz Channelized PAL Channel Band Plan [15]
Note that while this diagram is not explicitly labeled on the frequency axis, the only configuration which produces 10 non-overlapping channels of 10 MHz each in the PAL sub-band (3550 – 3560MHz), results in channels defined on 10 MHz boundaries i.e. 3550, 3560, 3570, etc. 
Therefore, our analysis goals targeted:
· To evaluate raster options and channel definition parameter sets which produce NR channels that occupy 10 MHz channels with the FCC defined lower and upper edge channel boundaries. 
· After identifying such channel configurations, we then evaluate any implied changes to previously agreed 3GPP specification content and/or impact on spectrum usage efficiency.
ΔF_Global
As currently defined in TS 38.101-1 Table 5.4.2.1-1 the Δf_global for frequencies above 3 GHz is 15 kHz. As a result, all the channel definition parameters which are defined as NR-ARFCN values must be specified as a valid NR-ARFCN values based on the band specific subset of integers defined in Section 5.4.2.3 and Table 5.4.2.3.-1.
30 kHz Channel Raster
The currently defined (15 kHz and) 30 kHz channel raster produces a band specific subset of integer NR-ARFCN values deductible  from the Δf_global Nref set of values.
100 kHz Channel Raster
The proposed 100 kHz channel raster does not produce raster frequencies that can be described as a band specific subset of the Nref values described by the Δf_global raster. This is because 100 kHz is not an integer multiple of the Δf_global 15 kHz. 
Observation 2: The proposed 100 kHz channel raster for band n48 does not align with the Δf_global 15 kHz global raster defined for frequencies above 3 GHz.
This observation is further supported by noting that all band specific channel rasters for bands above 3 GHz in FR1 use either 15 kHz or 30 kHz. All bands with a 100 kHz channel raster bands are below 3GHz where the Δf_global is 5 kHz which is a divisor of 100 kHz.
 300 kHz Channel Raster
The proposed 300 kHz channel raster produces a band specific subset of NR-ARFCN integers deductible from the Δf_global Nref set of values.
GSCN
We observe that, in the frequency range above 3 GHz:
·  The 1.44 MHz GSCN sync raster defines the set of frequencies used to define the center of the SSB.
· These frequencies must fall on a valid NR-ARFCN value to allow signaling per the definition of absoluteFrequencySSB given above.
In addition to this requirement:
·  We assessed whether the resulting 7.2 MHz wide SSB, as defined by a valid GSCN index and NR-ARFCN value, 
· Subsequently, the SSB would be fully contained within the FCC PAL channel definitions per above. Any NR channel to be used in band n48 uses a SSB and that SSB must fit within the defined lower and upper channel edges. 
· In some cases, the SSB may be close to either the lower or upper channel edges. If so, we also checked that that either the lower or upper SSB edges break into minimum guard band [16]. 
In tables 1-3:
·  Green rows indicate a valid NR-ARFCN and an SSB which is fully contained in an FCC PAL channel.
· Yellow indicate a valid NR-ARFCN on the specific raster but an SSB which overlaps with multiple FCC PAL channels. 
· Grey points to an invalid NR-ARFCN on the specific raster and an SSB which overlaps with multiple FCC PAL channels.
30 kHz Channel Raster
The currently defined GSCN index values, and associated SSB center frequencies, can all be described as valid NR-ARFCN values on the band specific (15 kHz and) 30 kHz channel raster for band n48. 
Furthermore, there is at least one valid GSCN index which can be defined using the 30 kHz NR-ARFCN values  producing an SSB fully contained within the target channel bounds for FCC PAL channels, including guard band requirements where necessary, as listed in Table 1.


[bookmark: _Ref37363163]Table 1. 30 kHz raster GSCN Index Examples
[image: ]
100 kHz Channel Raster
The currently defined GSCN Index values and the associated SSB center frequencies, cannot be all described as valid NR-ARFCN values on the proposed band specific channel raster of 100 kHz for band n48.
In addition, many of the values which do align with a valid NR-ARFCN on a 100 kHz raster, produce an SSB which overlaps with multiple FCC PAL channel definitions. Table 2 shows a sample of this analysis, being a subset of the100 GSCN index values across the n48 band.
[bookmark: _Ref37363173]Table 2. 100k raster GSCN Index Examples
[image: ]
After analyizing the whole table, we observed that:
· There are only 3 valid GSCN index values in band n48 when using the 100 kHz channel raster are aligned with FCC PAL channels. 
· 80 GSCN index values are not able to be represented by a 100 kHz based NR-ARFCN value. 
· 17 GSCN index values are able to be represented as and NR-ARFCN but result in an SSB that overlaps with multiple FCC PAL channels. 
NOTE: This discussion ignores the 100 kHz Δf_global raster issue discussed above. For this analysis we assumed that a 100 kHz NR-ARFCN can be defined above 3 GHz in a similar fashion to below 3 GHz. 
Observation 3: The proposed 100 kHz channel raster for band n48 does not align with existing GSCN Index values and/or SSB definitions such that each FCC PAL 10 MHz could contain an SSB. 
300 kHz Channel Raster
We observe that the 300 kHz channel raster under analysis (band n48):
· The currently defined GSCN index values, and associated SSB center frequencies, cannot be all described as valid NR-ARFCN values on the proposed band specific channel raster of 300 kHz for band n48.
· In addition, many of the values which do align with a valid NR-ARFCN on a 300 kHz raster, produce an SSB which overlaps with multiple FCC PAL channel definitions. 
Table 3 below shows a sample of this analysis (out of a set of 300 GSCN index values across the n48 band).
[bookmark: _Ref37363180]Table 3. 300 kHz raster GSCN Index Examples
[image: ]
After analyizing the whole table, we observed that:
· There are only 3 valid GSCN index values in band n48 when using the 300 kHz channel raster are aligned with FCC PAL channels. 
· 80 GSCN index values are not able to be represented by a 300 kHz based NR-ARFCN value. 
· 17 GSCN index values are able to be represented as and NR-ARFCN but result in an SSB that overlaps with multiple FCC PAL channels. 
Observation 4: The proposed 300 kHz channel raster for band n48 does not align with existing GSCN Index values and/or SSB definitions such that each FCC PAL 10 MHz could contain an SSB. 
Non-Standard Channel Bandwidth
30 kHz Channel Raster
The active portion of an NR channel is defined as the Transmission Bandwidth Configuration, TxBwCfg, in an integer number of physical resource blocks as show in Figure 1 above. The location of the Transmission Bandwidth is determined based on the signaling parameters absoluteFrequencyPointA, offsettoCarrier, and carrierBandwidth. These parameters locate the common resource block grid, then indicate which are usable as physical resource blocks of a transmission bandwidth.
In the 30 kHz channel raster scenario, these parameters can be used to define an NR channel that is fully contained within the FCC PAL channels.
[12] provides a channel spacing offset of {-10, 0 10 kHz} for 30 kHz channel raster and {-5, 0, 5 kHz} for 15 kHz channel raster, which allow absoluteFrequencyPointA to align with FCC PAL low channel edges. Table 4 shows example channel configurations that align with FCC PAL channels. 
Table 4 . Transmission Bandwidth Configuration Examples[image: ]
Note that in these channel definitions, to get the upper edge of the transmission bandwidth configuration (TxBwCfg) in order to allow enough room meeting the minimum guard band requirements, 23 PRBs must be defined instead of 24. This represents a non-standard channel bandwidth.
Observation 5: Using the 30 kHz channel raster is a reasonable compromise to match the NR channel BW with the FCC PAL channel definition. Further study may be required to clarify some apsctes (e.g. non-standard channel BW).
In addition, it is important to validate that the SSB location signaling parameters can all be specified such that a valid relationship between PointA and the GSCN index is maintained. These parameters include offsettoPointA and kSSB. Below are two such example configurations. 
· Example 1: the 1st 10-MHz FCC PAL channel allocation: 3550-3560 MHz. NR-AFRCN = 63666 corresponds to an absoluteFrequencyPointA of 3549.99 MHz, kSSB = 6 and offsetToPointA = 4 corresponds to an absoluteFrequencySSB = 3549.99 + 6 × 0.015 + 4 × 0.18 + 3.6 = 3554.4, which agrees with GSCN 7884 that corresponds to 3554.4 MHz.
· [bookmark: _GoBack]Example 2: the 2nd 10-MHz CBRS channel from 3560-3570 MHz. NR-AFRCN = 637334 corresponds to an absoluteFrequencyPointA of 3560.01 MHz, kSSB = 10 and offsetToPointA = 4 corresponds to an absoluteFrequencySSB = 3560.01 + 10 × 0.015 + 4 × 0.18 + 3.6 = 3564.48, which agrees with GSCN 7891 that corresponds to 3564.48 MHz.
These examples illustrate that both the SSB and the Transmission Bandwidth Configuration can be obtained via valid parameter configuration using a 30 kHz channel raster such that the NR channel is aligned with the FCC PAL channel definitions. 
In addition, the same two example channels can also contain LTE channels using E-ARFCN 55290 and 55390 with 10 MHz channel bandwidth.
Observation 6: NR channels based on both 30 kHz (or 15 kHz) channel raster can be aligned with LTE channels and the FCC PAL channel definitions.
Observation 7: Nominal channel spacing formulas support configuring Point A NR-ARFCN to align with LTE and FCC PAL channel edge frequencies. 
300 kHz Channel Raster
300 kHz channel raster was discussed in RAN4 #94-e [2]. To align channels to a 300 kHz channel raster, and prevent channel overlap, each 10-MHz channels may need to be shifted to upper frequency by 200 kHz, as listed in Table 5. In this scenario, 9 of the first 10 channels do not fit into PAL channel definitions. 
Table 5. Shifted CBRS 10-MHz channels to aligned 300 kHz NR channel raster.
	10 MHz channel index
	300 kHz channel raster

	
	Lower frequency (MHz)
	Center frequency (MHz)
	Higher frequency (MHz)

	1
	3550
	3555
	3560

	2
	3560.2
	3565.2
	3570.2

	3
	3570.4
	3575.4
	3580.4

	4
	3580.6
	3585.6
	3590.6

	5
	3590.8
	3595.8
	3600.8

	6
	3601
	3606
	3611

	7
	3611.2
	3616.2
	3621.2

	8
	3621.4
	3626.4
	3631.4

	9
	3631.6
	3636.6
	3641.6

	10
	3641.8
	3646.8
	3651.8

	11
	3652
	3657
	3662

	12
	3662.2
	3667.2
	3672.2

	13
	3672.4
	3677.4
	3682.4

	14
	3682.6
	3687.6
	3692.6

	15
	3692.8
	3697.8
	3702.8



To ameliorate this condition, one option is to base each channel on a 300 kHz raster location that produces a 100 kHz overlap with the adjacent FCC PAL channel edge boundaries, then reduce the number of active PRBs to 23. These channel configurations are shown in Table 6.
Table 6. Non-Standard Channel Bandwidth 300 kHz Raster Channels
	10 MHz channel index
	300 kHz channel raster

	
	Lower frequency (MHz)
	Center frequency (MHz)
	Higher frequency (MHz)

	1
	3550
	3555
	3560

	2
	3559.9
	3564.9
	3569.9

	3
	3570.1
	3575.1
	3580.1

	4
	3580
	3585
	3590

	5
	3589.9
	3594.9
	3599.9

	6
	3600.1
	3605.1
	3610.1

	7
	3610
	3615
	3620

	8
	3619.9
	3624.9
	3629.9

	9
	3630.1
	3635.1
	3640.1

	10
	3640
	3645
	3650

	11
	3649.9
	3654.9
	3659.9

	12
	3660.1
	3665.1
	3670.1

	13
	3670
	3675
	3680

	14
	3679.9
	3684.9
	3689.9

	15
	3690.1
	3695.1
	3700.1



NOTES: 
· This discussion ignores the 300 kHz GSCN issue discussed above. We assume that a valid GSCN configuration could be achieved.
· The in-band BB shift inside the ch BW case not discussed.
Observation 8: Using the 300 kHz channel raster, a non-standard channel bandwidth (e.g. 23 PRBs) may require further study to match an NR channel with FCC PAL channel definitions using valid values for signal parameters.
Conclusions
All observations and proposals are comprised in our companion paper R4-2003464.
From this analysis, we conclude that:
1: 15 kHz Channel Raster
Requires further study to see if any of the issues found with other raster options are mitigated by using 15 kHz. 
2: 30 kHz Channel Raster
Requires no changes to existing specification content. However, potential use of non-standard channel bandwidth may require further study. 
3: 100 kHz Channel Raster
It breaks the NR release 15/16 specifications (e.g. ARFCN and GSCN compliance).
4: 300 kHz Channel Raster
It breaks the NR release 15/16 specifications (e.g. GSCN compliance). However, potential use of non-standard channel bandwidth may require further study. 
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Appendix
[bookmark: _Ref37236129]LTE Channel Definition Parameters
LTE channels are fully defined by the center frequency (E-ARFCN) and the dl_Bandwidth.
Example
· FDL = FDL-Low + 0.1 × (NDL – Noffs-DL)
· for band 48:
· FDL = 3550, NDL = 55240:56739 (E-ARFCN)
· dl-Bandwidth = {n6, n15, n25, n50, n75, n100} (as signaled by MIB)
· ChBW = 1.4, 3, 5, 10, 15, 20 [MHz]

[image: ]
Figure 3. LTE channel definition parameters.
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