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Background
There were discussions on how to support LTE/NR spectrum sharing in band 48/n48 in RAN4#94e. While WF [1] was not agreed, open issues were well described in the document. In this contribution, we share our view on channel raster, along with the option of adding 100 kHz channel raster in the specification.
Discussion
Adding 100 kHz channel raster option
During in RAN4#94-e, SAS and CBRS operators raised concerns that 300 kHz raster will prevent enabling DSS between LTE and NR, and 300 kHz will not provide full flexibility. Instead, they preferred to introduce 100 kHz channel raster. However, this option, the option 2 in the WF [1], is not straightforward and core spec change in other work group, i.e., RAN2, is required as well, in our view.
In addition to concern on GSCN modification which might impact to core specification change, global frequency raster also might need to be updated. Table 5.4.2.1-1 in TS 38.101-1 or TS 38.104 defines NR-ARFCN parameters and is reproduced in table 1 below.

	Range of frequencies (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	0 – 3000
	5
	0
	0
	0 – 599999

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666

	24250 – 100000
	60
	24250.08
	2016667
	2016667 – 3279165


Table 1. NR-ARFCN parameters for the global frequency raster

All FR1 frequency higher than 3 GHz follows 15 kHz global raster granularity and a unique channel number, i.e., NR-ARFCN. Since NR-ARFCN and SCS are being reported for channel measurement without band information indication, adding new 100 kHz channel raster only for band n48 creates confusion for overlapping bands. IE MeasObjectNR is given as an example in Annex A, where no band information is reported. Care should be taken to avoid a backward compatibility issue when introducing additional 100 kHz channel raster. Possible option would be adding a new row in the table 1 to define new NR-ARFCN with new channel raster granularity to cover 100 kHz channel raster. The problem is whether there is any space to add new NR-ARFCN values in existing protocol design, and this requires RAN2 confirmation. 

[bookmark: _GoBack]Observation #1: Introducing a new channel raster creates cross working group specification update.

In our view, we are not flavor of introducing a new channel raster in NR only for specific purpose or band. The raster spec should be remained as a generic requirement as-is. The next part of this contribution analyzes and discusses the option with 300 kHz channel raster. 

300 kHz Channel raster
In [2], the paper stated there could be a large deviation of channel entries with 300 kHz from the ones with 100 kHz channel raster. It gave an example as below and claimed 300 kHz channel raster would reduce spectrum utilization:
	As an example, if 10 MHz channel have to be allocated for several operators, then the corresponding centre frequencies on the 100 kHz raster can be 3555 MHz, 3565 MHz, 3575 MHz, 3585 MHz, etc. At the same time, to ensure that the channel raster is an integer multiple of 300 kHz, centre frequencies should be 3555 MHz, 3565.2 MHz, 3575.4 MHz, 3585.6 etc.



The example given in [2] is not carefully analyzed in our understanding. For example, the paper claimed the new center frequency should 3585.6 MHz for the last center frequency 3585 MHz. However, 3585 MHz and 3585.6 MHz are sitting on the same 300 kHz and they are aligned between 100 kHz and 300 kHz grid as below in our analysis. Thus, 600 kHz offset does not happen rather it should be the same as the original frequency, 3585 MHz. In fact, it is always possible to find a new center frequency with 300 kHz channel raster within ± 100 kHz from the original center frequency with 100 kHz channel raster. All channel frequencies with 100 kHz raster can be categorized into three 300 kHz-based grids as in figure 1. In the figure 1, it was labeled as modulo-1, -2, and -3, respectively, to distinguish three different 300 kHz raster grids. Any selection out of three 300 kHz channel rasters has the same result, i.e., max deviation from the 100 kHz channel raster is ± 100 kHz. 


Figure 1.100 kHz channel raster and three 300 kHz rasters as an example.

As an example, 3555 MHz and 3565 MHz are not on the same 300 kHz raster grid. In [2], 3565.2 MHz was chosen on 300 kHz grid for the original 3565 MHz. However, there is 3554.9 MHz with smaller offset (100 kHz vs. 200 kHz). This is also same for 3585 MHz which is on the same grid on 300 kHz meaning that the original frequency is on the 300 kHz. There is no reason to choose 3585.6 MHz as figure 2 illustrates. It is always possible to find a new center frequency with 300 kHz channel raster within ± 100 kHz from the original center frequency with 100 kHz channel raster.


Figure 2. Illustrative frequencies grid comparison between 100 kHz and 300 kHz raster grids (Black and red bold numbers are the original center frequencies 3555, 3565, and 3585 MHz as an example; Red bold frequencies are not on the 300 kHz grid

To provide another angle with numerical verification for the same example above, table 1 shows LTE band 48 channel entries with 100 kHz channel entry, it’s associated ARFCN, and modulo index. The selection of a set of 300 kHz raster grids, which are tagged by mod-index in the table, can be chosen arbitrary. In this paper, we choose mod-index 2 to align with the first frequency 3555 MHz from [2].

	Freq (MHz)
	ARFCN
	Mod-Index
	
	Freq (MHz)
	ARFCN
	Mod-Index

	…
	…
	…
	
	…
	…
	…

	3554.7
	55287
	2
	
	3574.7
	55487
	1

	3554.8
	55288
	0
	
	3574.8
	55488
	2

	3554.9
	55289
	1
	
	3574.9
	55489
	0

	3555
	55290
	2
	
	3575
	55490
	1

	3555.1
	55291
	0
	
	3575.1
	55491
	2

	3555.2
	55292
	1
	
	3575.2
	55492
	0

	3555.3
	55293
	2
	
	3575.3
	55493
	1

	…
	…
	…
	
	3575.4
	55494
	2

	3564.7
	55387
	0
	
	…
	…
	…

	3564.8
	55388
	1
	
	3584.8
	55588
	0

	3564.9
	55389
	2
	
	3584.9
	55589
	1

	3565
	55390
	0
	
	3585
	55590
	2

	3565.1
	55391
	1
	
	3585.1
	55591
	0

	3565.2
	55392
	2
	
	3585.2
	55592
	1

	3565.3
	55393
	0
	
	3585.3
	55593
	2

	3565.4
	55394
	1
	
	3585.4
	55594
	0

	3565.5
	55395
	2
	
	3585.5
	55595
	1

	3565.6
	55396
	0
	
	3585.6
	55596
	2

	…
	…
	…
	
	…
	…
	…


Table 2. Channel frequencies, ARFCN, and modulo-index for some 10 MHz CBW (yellow highlight indicates the original center frequencies from the example in [2]; bold frequencies indicate the frequencies on the same modulo-index of 300 kHz raster grid, i.e, modulo-index 2, in this example)

From the table 1, 3555 MHz and 3585 MHz are not on the same 300 kHz raster grid with 3565 MHz and 3575 MHz, i.e., 3555 MHz and 3585 MHz are on mod-index 2 grid, 3565 MHz is on mod-index 0, and 3575 MHz is on mod-index 1. To find out the frequency based on the same 300 kHz raster grid, mod-index 2 has been chosen here but any other selection also has the similar result. For 3565 MHz the nearest 300 kHz raster entry with the same mod-index is 3564.9 MHz (not 3565.2 MHz as in [2]). Similarly, 3575.1 MHz can be found instead of 3575.4 MHz where both 3575.1 MHz and 3575.4 MHz are on the same 300 kHz grid. Again it is always possible to find a new center frequency with 300 kHz raster within ± 100 kHz for any arbitrary center frequency with 100 kHz channel raster. 

Observation #2: It is always possible to find a new center frequency with 300 kHz raster within ± 100 kHz for any arbitrary center frequency with 100 kHz channel raster.

As of now, there has been no LTE deployment in band 48 and no device support it yet. If operator plan to deploy both LTE and NR, also consider dynamic spectrum sharing feature, it is better option to deploy with 300 kHz channel raster. In the above analysis, it is always possible to find a center frequency within ± 100 kHz for any arbitrary center frequency with 100 kHz channel raster. With this deployment, LTE and NR rasters are always aligned and dynamic spectrum sharing is ready to go. There is only 100 kHz which might not be utilized in a certain case. 
From the above analysis, we believe keeping 300 kHz raster option is better option rather than introducing 100 kHz raster considering the amount of working group work, time and efforts.

Observation #3: As of now, there is no LTE deployment in band 48 and no device support it.
Observation #4: It is better option to deploy with 300 kHz channel raster if operator plan to support dynamic spectrum sharing feature in band 48 and n48.
Proposal #1: Keeping the 300 kHz channel raster
Summary
In this paper, we made the following observations and proposal.
Observation #1: Introducing a new channel raster creates cross working group specification update.
Observation #2: It is always possible to find a new center frequency with 300 kHz raster within ± 100 kHz for any arbitrary center frequency with 100 kHz channel raster.
Observation #3: As of now, there is no LTE deployment in band 48 and no device support it.
Observation #4: It is better option to deploy with 300 kHz channel raster if operator plan to support dynamic spectrum sharing feature in band 48 and n48.
Proposal #1: Keeping the 300 kHz channel raster
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Annex A (excerpt from TS 38.311)
IE MeasObjectNR specifies information applicable for SS/PBCH block(s) intra/inter-frequency measurement and/or CSI-RS intra/inter-frequency measurements.

	-- ASN1START
-- TAG-MEASOBJECTNR-START

MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR                                           OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing                                       OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                                 OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                                OPTIONAL,   -- Cond IntraFreqConnected
    refFreqCSI-RS                       ARFCN-ValueNR                                           OPTIONAL,   -- Cond CSI-RS
    referenceSignalConfig               ReferenceSignalConfig,
    absThreshSS-BlocksConsolidation     ThresholdNR                                                     OPTIONAL,   -- Need R
    absThreshCSI-RS-Consolidation       ThresholdNR                                                     OPTIONAL,   -- Need R
    nrofSS-BlocksToAverage              INTEGER (2..maxNrofSS-BlocksToAverage)                          OPTIONAL,   -- Need R
    nrofCSI-RS-ResourcesToAverage       INTEGER (2..maxNrofCSI-RS-ResourcesToAverage)                   OPTIONAL,   -- Need R
    quantityConfigIndex                 INTEGER (1..maxNrofQuantityConfig),
    offsetMO                            Q-OffsetRangeList,
    cellsToRemoveList                   PCI-List                                                        OPTIONAL,   -- Need N
    cellsToAddModList                   CellsToAddModList                                               OPTIONAL,   -- Need N
    blackCellsToRemoveList              PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    blackCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    whiteCellsToRemoveList              PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    whiteCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    ... ,
    [[
    freqBandIndicatorNR-v1530           FreqBandIndicatorNR                                             OPTIONAL,   -- Need R
    measCycleSCell-v1530                ENUMERATED {sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}  OPTIONAL    -- Need R
    ]]
}

ReferenceSignalConfig::=            SEQUENCE {
    ssb-ConfigMobility                  SSB-ConfigMobility                                              OPTIONAL,   -- Need M
    csi-rs-ResourceConfigMobility       SetupRelease { CSI-RS-ResourceConfigMobility }                  OPTIONAL    -- Need M
}

SSB-ConfigMobility::=               SEQUENCE {

    ssb-ToMeasure                           SetupRelease { SSB-ToMeasure }                              OPTIONAL,   -- Need M
    deriveSSB-IndexFromCell             BOOLEAN,
    ss-RSSI-Measurement                         SS-RSSI-Measurement                                     OPTIONAL,   -- Need M
    ...
}


Q-OffsetRangeList ::=               SEQUENCE {
    rsrpOffsetSSB                       Q-OffsetRange               DEFAULT dB0,
    rsrqOffsetSSB                       Q-OffsetRange               DEFAULT dB0,
    sinrOffsetSSB                       Q-OffsetRange               DEFAULT dB0,
    rsrpOffsetCSI-RS                    Q-OffsetRange               DEFAULT dB0,
    rsrqOffsetCSI-RS                    Q-OffsetRange               DEFAULT dB0,
    sinrOffsetCSI-RS                    Q-OffsetRange               DEFAULT dB0
}


ThresholdNR ::=                     SEQUENCE{
    thresholdRSRP                       RSRP-Range                                                      OPTIONAL,   -- Need R
    thresholdRSRQ                       RSRQ-Range                                                      OPTIONAL,   -- Need R
    thresholdSINR                       SINR-Range                                                      OPTIONAL    -- Need R
}

CellsToAddModList ::=               SEQUENCE (SIZE (1..maxNrofCellMeas)) OF CellsToAddMod

CellsToAddMod ::=                   SEQUENCE {
    physCellId                          PhysCellId,
    cellIndividualOffset                Q-OffsetRangeList
}




-- TAG-MEASOBJECTNR-STOP
-- ASN1STOP
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