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1. Introduction
At RAN_AH_201801, the following agreements are made for the configuration of the DL carrier information in the reconfiguration message and in MO:  
	Agreements
1:	Within an MO, the SSB location is always indicated with GSCN with no additional offset. 
FFS Whether the subcarrier offset is also required. To be checked with RAN1
2:	For MO with CSI-RS, a NR-ARFCN is used to indicate a frequency reference. Location of CSI-RS is relative to this reference
FFS Whether this reference is the same as point A in agreement 3i.
3:	For reconfiguration with sync (e.g. for inter-frequency HO and SCG change) and for configuration of SCells the SSB location is indicated with GSCN. 
3i	In addition the reconfiguration provides a NR-ARFCN to identify point A. 
FFS Whether the subcarrier offset is also required. To be checked with RAN1
4:	For idle/inactive reselection and reselection from LTE to NR, the SSB location is always indicated with GSCN with no additional offset.


The agreements are captured accordingly in 38.331 for ASN.1 review [1]. In this contribution, further analysis on the configuration of DL carrier info is given, especially for the configuration in the MO.
2. Discussion
Types of SSB 
RAN1#91 agreements:
Agreements:
· [bookmark: OLE_LINK1]For measurement, SSB frequency location (except for cell defining SS/PBCH blocks of the serving cell which supports standalone access) may or may not be located on the sync raster
Agreements:
· The time/frequency synchronization for a serving cell without a SS/PBCH block is based on the PCell or the pScell in the given cell group for the serving cell in Rel-15
The definition of sync raster in RAN4[1]:
The synchronization raster indicates the frequency positions of the synchronization block that can be used by the UE for system acquisition when explicit signalling of the synchronization block position is not present. 
Given the agreements in RAN1 and RAN4, it can be seen that there are three types of carriers:
Type1: carrier with SSB on sync raster;
Type2: carrier with SSB off sync raster (but with no SSB on sync raster);
Type3: carrier w/o SSB; 
Observation 1: There are three types of carriers:
· Type1: carrier with SSB on sync raster;
· Type2: carrier with SSB off sync raster (but with no SSB on sync raster);
· Type3: carrier w/o SSB;
With the 3 type of carriers, there can be 3 types of MOs correspondingly, i.e. MO with SSB on sync raster, MO with SSB off sync raster (but with no SSB on sync raster) and MO without SSB at all. Given that, the agreement1 (Within an MO, the SSB location is always indicated with GSCN with no additional offset) made at last meeting is not correct any more. It should be revised to cover the case of MO with SSB off sync raster. Meanwhile, the DL carrier represented by the GSCN (e.g. SSB on sync raster) is mandatory configured in current 38.331[1] as illustrated in Figure 1. In this way, the case of MO with no SSB at all (i.e. type 3 above) is not covered by the current RRC spec. 
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Figure 1
Given the above, we propose that: 
Proposal 1: The configuration of the “DL carrier info” in the MO should be revised to support all the three possible kinds of MOs, including, MO with SSB on sync raster, MO with SSB off sync raster (but with no SSB on sync raster) and MO without SSB.
Frequency reference for CSI-RS position
	Parameter
	Description
	Value range
	Comment

	[bookmark: OLE_LINK2]Common-PRB-Grid-offset (corresponding to prb-GridOffset in the previous 38.331 v101, wihch is deleted in the current version.)
	Information to define common PRB grid for CSI-RS sequence generation 
	[0,1,2, …,276*4*12]
	Contained in CSI-RS-Config-Mobility. Information to define common PRB grid for CSI-RS sequence generation. Configured per carriercell, where a common set of values are assigned across all the resources for a given cell. 
Corresponds to an offset (in terms of number of subcarriers in CSI-RS numerology) between PRB 0 for common PRB  indexing and a reference location
– the reference location is the lowest PRB of the cell-defining SSB

	[bookmark: OLE_LINK75]CSI-RS-measurement-BW-start(corresponding to startPRB in 38.331)
	Starting PRB index of the measurement bandwidth
	0, 1, …, [251]
	Contained in Measurement-BW. Starting PRB index with respect to PRB0 in CSI-RS numerology

	Allowed-CSI-RS-measurementBW-size(corresponding to nrofPRBs in 38.331)
	Allowed size of the measurement BW in PRBs
	24, 48, 96, 192, 2684
	To be included in CSI-RS-Config-Mobility. Contains: CSI-RS-measurementBW-size and CSI-RS-measurement-BW-start. Configured per carriercell, where a common set of values are assigned across all the resources for a given cell.

	Note: The red parts are the most recent updates from RAN1 [3]. 


Table 1. Common frequency info for all the CSI-RS resources on a given cell 
As illustrated in Table 1, three parameters have been defined by RAN1 for the configuration of the common frequency information for all the CSI-RS resources on a given cell. All the three parameters were captured in the previous version of 38.331(v101). However, Common-PRB-Grid-offset which is used to calculate reference point A (i.e. the lowest subcarrier of PRB0) is now deleted in the current 38.331. Instead, a NR-ARFCN which is meant to indicate reference point A directly is introduced as in Figure 2. This is likely to lead to misalignment between RAN1 and RAN2. It should be noted that RAN1 is still discussing some of these parameters. For instance, as illustrated in Table 1, the value ranges are updated in the last RAN1 meeting.
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Figure 2
Observation 2: If using a NR-ARFCN to indicate reference point A, misalignment will occur between RAN1 and RAN2. 
	Frequency range [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 – 3279167


Table 2. NR-ARFCN parameters for the global frequency raster
One further question to be clarified is whether it is always possible to indicate reference Point A directly via a NR-ARFCN? 
As we know, NR-ARFCN values are designed to define the global frequency raster in NR. Table 2 illustrates the NR-ARFCN values defined by RAN4 for the global frequency raster [2]. Taking the frequency below 3GHz as an example, the granularity of the global frequency raster (i.e. ΔFGlobal) is 5kHz. While the subcarrier spacing (SCS) of the common PRB grid for FR1 (below 6GHz) is 15kHz [4]. So, in this example, there would be 3 NR-ARFCN values within the lowest resource element (RE) of PRB0, i.e. within reference point A. Then the question is, which NR-ARFCN should be used to indicate reference point A? In other words, there may be NR-ARFCN ambiguity issues if the SCS of reference point A is different from the granularity of NR-ARFCN. To avoid this ambiguity, the NR-ARFCN should be restricted to the lowest NR-ARFCN within PRB0 for instance.
Observation 3: If using a NR-ARFCN to indicate reference point A, there may be NR-ARFCN ambiguity issues if the SCS of reference point A is different from the granularity of NR-ARFCN. 
[bookmark: OLE_LINK3]Given the above analysis, instead of indicating reference point A directly via a NR-ARFCN, a “frequency reference” should be configured for MO with CSI-RS, which is used by the UE to deduce reference point A with the combination of the parameter“Common-PRB-Grid-offset”introduced by RAN1. And it’s inherently that the “DL carrier info” configured in the MO should be used as the “frequency reference”.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 2: For MO with CSI-RS, the configured “DL carrier info” is used as the frequency reference for CSI-RS. Reference point A should be deduced from the parameter“Common-PRB-Grid-offset” introduced by RAN1 and the configured “DL carrier info” in the MO.
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Figure 3
[bookmark: OLE_LINK4]It should be noted that there is the similar issue for the configuration of DL carrier in the reconfiguration message. In the previous 38.331v101, reference point A of the serving cell is deduced from a parameter given by RAN1 (offset-ref-low-scs-ref-PRB, corresponding to IE offsetToPointA in 38.331-v101) and the DL carrier frequency configured for the serving cell. However, with the agreement made at last RAN2 meeting, the IE offsetToPointA  is deleted and a NR-ARFCN is introduced instead to indicate referenc point A directly (illustrated in Figure 3). So, similar as the analysis above, “offset-ref-low-scs-ref-PRB”should be added back to the FrequencyInfoDL. And reference point A should be deduced from the “offset-ref-low-scs-ref-PRB” and the configured DL serving carrier frequency.
Proposal 3: The parameter “offset-ref-low-scs-ref-PRB” introduced by RAN1 should be added back to the FrequencyInfoDL. And reference point A should be deduced from “offset-ref-low-scs-ref-PRB”and the configured DL serving carrier frequency.
In the following, the configuration of the “DL carrier info” (i.e. the frequency reference for CSI-RS) in the MO are discussed case by case per different types of MOs. 
[bookmark: OLE_LINK7]Case 1: MO with SSB on sync raster
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[bookmark: OLE_LINK8]Figure 4
As illustrated in Figure 4, in case 1, it’s straightforward to configure the “DL carrier info” as the absolute frequency of the SSB, i.e. the GSCN of the SSB. And per the input from RAN1 for “Common-PRB-Grid-offset”, the lowest PRB of the SSB is used as the reference location to deduce reference point A.
Proposal 4: For MO with SSB on sync raster, configure the “DL carrier info” as the GSCN of the SSB. The lowest PRB of the SSB is used as the reference location to deduce reference point A.
[bookmark: OLE_LINK9]Case 2: MO with SSB off sync raster
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Figure 5
In case 2, the SSB is not on the sync raster thus can’t be defined by GSCN. However, the SSB off the sync raster can anyway be defined by the NR-ARFCN[footnoteRef:1]. So in this case, it’s straightforward to configure the “DL carrier info” as the NR-ARFCN of the SSB that is off the sync raster. And similar as for case 1, the lowest PRB of the SSB is used as the reference location to deduce reference point A. [1:  The NR-ARFCN values are defined with the granularity of the global frequency raster (i.e. ΔFGlobal), illustrated in Table 2. The SCS for SSB is 15 or 30 kHz (<6GHz), 120 and 240 kHz (>6GHz). It can be seen that the SCS of SSB is the integer multiple of the granularity of the global frequency raster (i.e. ΔFGlobal) defined by RAN4.] 

[bookmark: OLE_LINK10]Proposal 5: For MO with SSB off sync raster (but with no SSB on sync raster), configure the “DL carrier info” as the NR-ARFCN of the SSB. The lowest PRB of the SSB is used as the reference location to deduce reference point A.
Case 3: MO without SSB
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Figure 6
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Figure 7
For MO without SSB, there can be two possible ways to configure the “DL carrier info”:
Option 1: Configure the “DL carrrier info” with the GSCN of another MO, e.g. the GSCN of another carrier which is used as the timing reference of the MO without SSB.
Figure 6 illustrates an example of Option1. Two MOs are illustrated in Figure6. MO1 is a carrier (or can be a BWP) with SSB on raster, while MO2 is a carrier (or can be a BWP) without SSB on sync raster. In this option, both the “DL carrier info” of MO1 and MO2 are configured as the GSCN of the SSB on MO1. And the lowest PRB of the SSB on MO1 is used as the reference location to deduce both the reference point A of MO1 and MO2.
Option 2: Configure the “DL carrier info” as a NR-ARFCN within the MO, e.g. the NR-ARFCN of the RF channel center of the carrier.
Figure 7 illustrates an example of Option2. There’s no SSB within the MO. In this option, the “DL carrier info” of the MO is configured as the NR-ARFCN of the RF channel center. And the NR-ARFCN is used as the reference location to deduce the reference point A.
[bookmark: OLE_LINK11]For Option1, it should be noted that the frequency separation between the two MOs can be quite large. So, it may happen that the offset between the reference point A of MO2 and the lowest PRB of the SSB of MO1 is too large to be covered by the value range defined by RAN1 for “Common-PRB-Grid-offset”. In addition, it can be seen that the current value range defined for “Common-PRB-Grid-offset”is a positive integer. The value range is given with the assumption that the reference point A within a carrier is always below the frequency reference, e.g. the lowest PRB of the SSB. However, with option1, the reference point A of MO2 can be above or below the frequency reference from another MO (e.g. above the SSB of MO1 in Figure 6). Then to accommodate this case, the value range of the “Common-PRB-Grid-offset”should be revised to a signed integer, which should be re-discussed by RAN1 of course. So, from this perspective, Option2 is preferred.
Proposal 6: For MO without SSB, configure the “DL carrier info” as a NR-ARFCN within the MO. The NR-ARFCN is used as the reference location to deduce reference point A.
Given the above analysis, two possible alternatives are given in the following to configure the “DL carrier info” in MO. It should be noted that both for Alt.1 and Alt.2, the UE can determine that it is a MO with SSB when the ssb-ConfigMobility is configured. 






Alt.1 Configure with a choice structure (depending on whether the MO with SSB on sync raster) 
MeasObjectNR information element
-- ASN1START
-- TAG-MEAS-OBJECT-NR-START
 
MeasObjectNR ::=							SEQUENCE {
	ssbAbsoluteFreq								GSCN-ValueNR,
	--FFS whether reference frequency represents pointA
	refFreqCSI-RS								ARFCN-ValueNR															OPTIONAL,
carrierFreq				CHOICE {
       -- Absolute frequency location of the SSB (for MO with SSB located on the sync raster)     
absoluteFrequencySSB GSCN-ValueNR,
-- Absolute frequency location of the channel raster (for MO w/o SSB on sync raster)
absoluteFrequencyARFCN  ARFCN-ValueNR,
}

	--RS configuration (e.g. SMTC window, CSI-RS resource, etc.)
	referenceSignalConfig						ReferenceSignalConfig,	
UNAFFECTED OMITTED												
}
UNAFFECTED OMITTED 
ReferenceSignalConfig ::=     			 SEQUENCE {
	
	-- SSB configuration for mobility (nominal SSBs, timing configuration)
	ssb-ConfigMobility						SSB-ConfigMobility				OPTIONAL, 	-- Need M
	-- CSI-RS resources to be used for CSI-RS based RRM measurements
	csi-rs-ResourceConfigMobility			CSI-RS-ResourceConfigMobility	OPTIONAL -- Need R		
 
}
CSI-RS-CellMobility ::=				SEQUENCE {
	cellId									PhysCellId,
	csi-rs-MeasurementBW					SEQUENCE {
		-- Allowed size of the measurement BW in PRBs
		-- Corresponds to L1 parameter 'CSI-RS-measurementBW-size' (see FFS_Spec, section FFS_Section)
		nrofPRBs			ENUMERATED { size24, size48, size96, size192, size264},
		-- Starting PRB index of the measurement bandwidth
		-- Corresponds to L1 parameter 'CSI-RS-measurement-BW-start' (see FFS_Spec, section FFS_Section)
		-- FFS_Value: Upper edge of value range unclear in RAN1
		startPRB			INTEGER(0..251)
	},
	-- Corresponds to L1 parameter 'Common-PRB-Grid-offset' (see FFS_Spec, section FFS_Section)
	prb-GridOffset							INTEGER (maxNrofPhysicalResourceBlocksTimes48)										OPTIONAL,
 UNAFFECTED OMITTED
}
 

Alt.2 Configure with a unified structure (NR-ARFCN+SSBoffset)
MeasObjectNR information element
-- ASN1START
-- TAG-MEAS-OBJECT-NR-START
 
MeasObjectNR ::=							SEQUENCE {
	ssbAbsoluteFreq								GSCN-ValueNR,
	--FFS whether reference frequency represents pointA
	refFreqCSI-RS								ARFCN-ValueNR															OPTIONAL,
carrierFreq				CHOICE {
[bookmark: OLE_LINK84]absoluteFrequencyDL NRARFCN-ValueNR,
-- offset to the absoluteFrequencyDL to indicate the absolute frequency location of the SSB on sync raster. The IE is present only for MO with SSB on sync raster.
SSBoffset   ENUMERATED {ffsTypeAndValue},     OPTIONAL
}

	--RS configuration (e.g. SMTC window, CSI-RS resource, etc.)
	referenceSignalConfig						ReferenceSignalConfig,	
UNAFFECTED OMITTED												
}
UNAFFECTED OMITTED 
ReferenceSignalConfig ::=     			 SEQUENCE {
	
	-- SSB configuration for mobility (nominal SSBs, timing configuration)
	ssb-ConfigMobility						SSB-ConfigMobility				OPTIONAL, 	-- Need M
	-- CSI-RS resources to be used for CSI-RS based RRM measurements
	csi-rs-ResourceConfigMobility			CSI-RS-ResourceConfigMobility	OPTIONAL -- Need R		
 
}
CSI-RS-CellMobility ::=				SEQUENCE {
	cellId									PhysCellId,
	csi-rs-MeasurementBW					SEQUENCE {
		-- Allowed size of the measurement BW in PRBs
		-- Corresponds to L1 parameter 'CSI-RS-measurementBW-size' (see FFS_Spec, section FFS_Section)
		nrofPRBs			ENUMERATED { size24, size48, size96, size192, size264},
		-- Starting PRB index of the measurement bandwidth
		-- Corresponds to L1 parameter 'CSI-RS-measurement-BW-start' (see FFS_Spec, section FFS_Section)
		-- FFS_Value: Upper edge of value range unclear in RAN1
		startPRB			INTEGER(0..251)
	},
	-- Corresponds to L1 parameter 'Common-PRB-Grid-offset' (see FFS_Spec, section FFS_Section)
	prb-GridOffset							INTEGER (maxNrofPhysicalResourceBlocksTimes48)										OPTIONAL,
 UNAFFECTED OMITTED
}
 


Proposal 7: Adopt one of the above two alternatives (e.g. a choice structure or a unified structure) to configure the “DL carrier info” in the MO.
3. Conclusion and proposals
In this contribution, further analysis on the configuration of “DL carrier info” in the MO is given with the following observations and proposals:
Observations:
Observation 1: There are three types of carriers:
· Type1: carrier with SSB on sync raster;
· Type2: carrier with SSB off sync raster (but with no SSB on sync raster);
· Type3: carrier w/o SSB;
Observation 2: If using a NR-ARFCN to indicate reference point A, misalignment will occur between RAN1 and RAN2. 
Observation 3: If using a NR-ARFCN to indicate reference point A, there may be NR-ARFCN ambiguity issues if the SCS of reference point A is different from the granularity of NR-ARFCN. 

Proposals:
Proposal 1: The configuration of the “DL carrier info” in the MO should be revised to support all the three possible kinds of MO, including, MO with SSB on sync raster, MO with SSB off sync raster (but with no SSB on sync raster) and MO without SSB.
Proposal 2: For MO with CSI-RS, the configured “DL carrier info” is used as the frequency reference for CSI-RS. Reference point A should be deduced from the parameter “Common-PRB-Grid-offset”introduced by RAN1 and the configured “DL carrier info” in the MO.
Proposal 3: The parameter “offset-ref-low-scs-ref-PRB” introduced by RAN1 should be added back to the FrequencyInfoDL. And reference point A should be deduced from “offset-ref-low-scs-ref-PRB”and the configured DL serving carrier frequency.
Proposal 4: For MO with SSB on sync raster, configure the “DL carrier info” as the GSCN of the SSB. The lowest PRB of the SSB is used as the reference location to deduce reference point A.
Proposal 5: For MO with SSB off sync raster (but with no SSB on sync raster), configure the “DL carrier info” as the NR-ARFCN of the SSB. The lowest PRB of the SSB is used as the reference location to deduce reference point A.
Proposal 6: For MO without SSB o, configure the “DL carrier info” as a NR-ARFCN within the MO. The NR-ARFCN is used as the reference location to deduce reference point A.
Proposal 7: Adopt one of the above two alternatives (e.g. a choice structure or a unified structure) to configure the “DL carrier info” in the MO.
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