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1. Background
[bookmark: OLE_LINK15]In this contribution, we collect and analyse the information on PRB grid alignment for multiple numerologies from RAN1 and RAN2 specs, and conclude that the channel raster to resource element mapping should be explicitly specified in RAN4 specs to apply to the numerology with the largest SCS provided to UE.
2. Discussion
[bookmark: OLE_LINK10]UE learns the frequency information for uplink via an IE FrequencyInfoUL and FrequencyInfoDL for downlink. If we take the uplink direction as one example, the IE FrequencyInfoUL provides basic parameters of an uplink carrier and transmission thereon [1]. 
FrequencyInfoUL information element
-- ASN1START
-- TAG-FREQUENCY-INFO-UL-START

FrequencyInfoUL ::= 				SEQUENCE {
	frequencyBandList					MultiFrequencyBandListNR										OPTIONAL,	-- Cond FDD-OrSUL
	absoluteFrequencyPointA				ARFCN-ValueNR													OPTIONAL,	-- Cond FDD-OrSUL
	scs-SpecificCarrierList				SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier,
	additionalSpectrumEmission			AdditionalSpectrumEmission										OPTIONAL,	-- Need S
	p-Max								P-Max															OPTIONAL,	-- Need S
	frequencyShift7p5khz				ENUMERATED {true}												OPTIONAL,	-- Cond FDD-OrSUL-Optional
	...
}

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

And further the IE SCS-SpecificCarrier provides parameters determining the location and width of the actual carrier. It is defined specifically for a numerology (subcarrier spacing (SCS)) and in relation (frequency offset) to Point A [1].
-- ASN1START
-- TAG-SCS-SPECIFIC-CARRIER-START

SCS-SpecificCarrier ::=				SEQUENCE {
	offsetToCarrier						INTEGER (0..2199),
	subcarrierSpacing					SubcarrierSpacing,
	carrierBandwidth					INTEGER (1..maxNrofPhysicalResourceBlocks),
	...
}

-- TAG-SCS-SPECIFIC-CARRIER-STOP 
-- ASN1STOP




And for each numerology and carrier, a resource grid of  subcarriers and  OFDM symbols is defined, starting at common resource block  indicated by higher-layer signalling (offsetToCarrier in the SCS-SpecificCarrier IE), and the carrier bandwidth  for subcarrier spacing configuration  is given by the higher-layer parameter carrierBandwidth in the SCS-SpecificCarrier IE [2]. 




And for the OFDM based signal generation, 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

	


[bookmark: _Hlk515533636] is given by clause 4.2,  is the subcarrier spacing configuration, and  is the largest  value among the subcarrier spacing configurations provided to the UE for this carrier [2].

Actually the parameter  indicates the frequency offset between the centre of transmission bandwidth configuration of subcarrier spacing configuration and the largest subcarrier spacing configuration provided to the UE.
Observation 1: For the signal generation in RAN1 specs, the centre of the transmission bandwidth configuration for each numerology is shifted with an offset referring to the centre of the transmission bandwidth configuration with the largest subcarrier spacing.
[image: ]
Figure 1, Two alternatives for channel raster to RE mapping for CBW = 5MHz
As an example where channel bandwidth equals to 5MHz, there are two alternatives for channel raster to RE mapping: either applying to SCS 15kHz or 30kHz, as shown in Fig.1. We can observe that the channel raster to RE mapping may not be applied to all supported numerologies at the same time for a given channel bandwidth.
Observation 2: Channel raster to RE mapping may not be applied to all supported numerologies at the same time for a given channel bandwidth.
[image: ]
Figure 2, Channel raster may not be a valid SC for the numerology with the largest SCS
Fig. 2 shows a case where the channel raster to RE mapping applies to the numerology with smallest SCS resulting in that the channel raster is not a valid sub-carrier for the numerology with the largest SCS [3]. 
Observation 3: Channel raster to RE mapping applying to the numerology with the smallest SCS may result in that the channel raster is not a valid subcarrier for the numerology with the largest SCS.
This can be avoided by specifying that the channel raster to RE mapping should ensure that the channel raster is a valid subcarrier for all numerologies supported.
Proposal 1: The channel raster to RE mapping should always ensure that the channel raster is a valid subcarrier for all numerologies supported.
Furthermore, for the specific example with 5MHz channel bandwidth, the parameter can be calculated as 6, corresponding to both Fig. 1(a) and 1(b), thus there is ambiguity for UE to determine the exact position of the carrier frequency. It is natural to be aligned with RAN1 specs in order to remove the ambiguity, which means that the channel raster to RE mapping should be specified as applying to the numerology with the largest SCS.
Observation 4: In order to remove the ambiguity on the carrier frequency position, channel raster to RE mapping should apply to the numerology with the largest SCS for a given channel bandwidth.
With the above observations, we propose to clarify in the specs that the channel raster to RE mapping always applies to the numerology with the largest SCS for a given channel bandwidth supported by BS or UE.
[bookmark: OLE_LINK9]Proposal 2:  RAN4 specs specify channel raster to RE mapping always applies to the numerology with the largest SCS for a given channel bandwidth supported by BS or UE.
3. Conclusions
Based on the above discussions, we have the following observations and proposal on channel raster to RE mapping for multiple numerologies:
Observation 1: For the signal generation in RAN1 specs, the centre of the transmission bandwidth configuration for each numerology is shifted with an offset referring to the centre of the transmission bandwidth configuration with the largest subcarrier spacing.
Observation 2: Channel raster to RE mapping may not be applied to all supported numerologies at the same time for a given channel bandwidth.
Observation 3: Channel raster to RE mapping applying to the numerology with the smallest SCS may result in that the channel raster is not a valid subcarrier for the numerology with the largest SCS.
Observation 4: In order to remove the ambiguity on the carrier frequency position, channel raster to RE mapping should apply to the numerology with the largest SCS for a given channel bandwidth.
Proposal 1: The channel raster to RE mapping should always ensure that the channel raster is a valid subcarrier for all numerologies supported.
Proposal 2:  RAN4 specs specify channel raster to RE mapping always applies to the numerology with the largest SCS for a given channel bandwidth supported by BS or UE.
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