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Introduction
[bookmark: _Ref178064866]In RAN2#99, the following agreements were reached for a measurement object for a carrier that has SSB, agreement number 3, and for a carrier that does not have SSB, agreement number 2. 

Agreements
1	There is one NR-ARFCN per MO

2	For measurements of carriers where SSB is not present (measurements performed on CSI-RS):
i	MO includes CSI-RS resources for L3 mobility measurements; and
ii	MO includes some indication that no SSB is provided on this carrier.
FFS Where the UE acquires timing reference for making measurements in this carrier. E.g. can UE assume timing reference from one of its serving carriers (for CA case), or does the MO include a pointer to another carrier with SSB for obtaining timing reference.

3	For measurements of carriers where SSB is present:
	If SSB is not located in the centre of the carrier, then offset to the ARFCN provides the location in frequency of the SSB within that carrier. 
FFS Whether the MO has only one SSB or whether the MO can include the location of more than one SSB.

Agreements above relate to a single BWP in which case the NR ARFCN would be the centre of the BWP. Case of multiple BWPs is FFS

In RAN2#99bis, the following agreements were reached under measurement configuration:


Agreements
1 cellIndividualOffset in MO is enough, no need for the cell offset in report configuration.

FFS How MO can be used in the case of a location of the SSB is distant in frequency from the CSI-RS resources to be measures. (e.g. is it possible to configure an MO with no SSB and to reference another MO for the SSB that provides timing reference, or SSB configuration is provided in every MO, etc)
=>	We will revisit decision on MO containing a centre frequency plus offset to locate the SSB frequency when RAN4 has concluded discussion of the measurement raster.
=>	Check within the RRM TP how the UE identifies the CSI-RS resources from those configured in the MO for the serving cell for the purpose of RRM measurement. 


In RAN2#99bis, the following agreements were reached under impacts for BWPs AI, where some relevant agreements are highlighted:
Agreements for BWP operation in CONNECTED mode:
1:	BWP impacts on the CONNECTED mode will be progressed by Dec 17.  Impacts to IDLE mode/INACTIVE mode UEs will be discussed with SA after Dec 17.
2a:	RRC signalling supports to configure 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell (PCell, PSCell). 
2b	RRC signalling supports to configure 0, 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell SCell (at least 1 DL BWP) (impact of SUL still to be discussed)
3	For a UE, the PCell, PSCell and each SCell has a single associated SSB in frequency (RAN1 terminology is the is the 'cell defining SSB')
4	Cell defining SS block can be changed by synchronous reconfiguration for PCell/PSCell and SCell release/add for the SCell.
5	Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency).
6	The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated).

=>	Can be discussed after Dec 17 or in a future release whether further optimisation is needed for change of SS block location in frequency (but with no change to PCI and no change in SFN) to be changed by RRC reconfiguration of physical layer parameters with no L2 involvement.

In RAN2#100, the following agreements were captured related to the MO.
Agreements:
1	SSB subcarrier spacing is configured in the MO. 
2	The SSB configuration used for timing reference is provided in the MO where only CSI-RS based RRM measurement is performed. 

Agreements
1	UE determines which MO corresponds to the serving cell frequency from the frequency location of the CD-SSB that is contained within the serving cell configuration.

2	More than one MO with  CSI-RS resources for measurement can be associated to the same SSB location in frequency. The SSB is at least used for timing reference.

3	In case that more than one MO with  CSI-RS resources for measurement is associated to the same SSB location in frequency the UE is indicated which MO corresponds to the serving carrier.
FFS whether the indication is in MO or serving cell configuration 

All these agreements are captured in the latest RRC specifications [4]. In this contribution, we address the FFS points of the above agreements.
Discussion
MO reference point
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]RAN2 has defined in RAN2#99 that a MO is defined by NR-ARFCN. Additionally, RAN2 agreed that MO should include frequency offset to point to an SSB as SSB might not be at the centre of NR-ARFCN. This is a nice definition as it keeps the LTE principle of defining MO as (G)ARFCN. In RAN2#99bis it was stated that the MO definition is revisited when RAN4 has concluded discussion on the measurement raster. Additionally, RAN4 has made the following agreements concerning NR channel raster and SS raster [5]:
Channel raster
· NR-ARFCN defines the absolute radio frequency
· It is globally defined.
· Frequency band and duplex (uplink or downlink) are not distinguished.
· NR-ARFCN for FR1 is defined from 0Hz to 24GHz
· the integer multiple of 5kHz from 0 to 3GHz
· the integer multiple of 15kHz from 3 to 24GHz
· NR-ARFCN for FR2 is defined from 24GHz to 100GHz
· the integer multiple of 60kHz
SS raster
· Sync raster will indicate the position of RE=#0(subcarrier #0) of RB#10 of the SS block
· SS Raster Definition for the 0-2.65GHz range
· SS Raster is defined as:
· Raster entry=N*900kHz+ M*5kHz, N=1:[2944], M=-1:1
· Raster entry numbering is in increasing order of frequency (first entry=895kHz, entry #2=900, entry #3=905, entry#4=1795kHz…)
· Total number of entries [8832]
· Raster applies to bands with 100kHz channel raster and 15kHz channel raster with 5MHz minimum bandwidth(bands might be defined in the future) in this frequency range
· For 10MHz minimum channel bandwidth a down selection factor of [6](1 entry in [6]) is used
· SS Raster Definition for the 2.4-24.25 GHz range
· SS Raster is defined as:
· Raster entry= 2400MHz+N*1.44MHz,N= 0:[15173]
· Raster entry numbering is in increasing order of frequency
· Total number of entries [15174]
· Raster applies to bands with 15kHz channel raster and 10MHz minimum bandwidth(n41, n77,n78, n79, etc) in this frequency range
· For 10MHz minimum channel bandwidth and 15kHz SS block SCS a down selection factor of [3] is applied
· For 40MHz minimum channel bandwidth and 30kHz SS block SCS a down selection factor of [21]
· SS Raster Definition for the 24.25-100GHz range
· SS Raster is defined as:
· Raster entry=[24250.08] MHz+N*[17.28]MHz, N= 0:[4383] 
· Raster entry numbering is in increasing order of frequency
· Total number of entries [4384]
· Raster applies to bands with 60kHz channel raster in this frequency range
· For 100MHz minimum channel bandwidth and 240kHz SS block SCS a down selection factor of [2] can be used

Based on these definitions of channel raster locations and sync raster locations, the encoding of sync raster locations requires 15 bits and channel rater locations require 22 bits. It is also worth noting that all the sync raster locations also have a corresponding value in terms of channel raster locations. 

Encoding of sync raster locations require 15 bits and encoding of channel raster locations require 22 bits. 
All the sync raster locations also have a corresponding value in terms of channel raster locations.
Further, there are two ways to configure the measurement object.
1) The carrierFreq is encoded using the sync raster definitions
· Defining the carrierFreq using sync raster definitions require 15 bits.
· When configuring the UE with the MO for SSBs that are already in the sync raster locations, the frequencyOffset parameter in the ReferenceSignalConfig will be 0. However, if the MO is for theSSBs that are not in the sync raster grid, then the frequencyOffset needs to be configured with non-zero values. The number of bits required can vary depending on the operating band (8,7 or 9 bits depending on 0-2.65 GHz, 2.4-24.25 GHz, 24.25 – 100 GHz bands). In the final solution,the MO will require atleast 22 bits to configure the exact location of the SSBs to be measured by the UE.
2) The carrierFreq is encoded using the channel raster locations
· Defining the carrierFreq using sync raster definitions require 22 bits.
· More clear solution and LTE’s definition of MO can be retained i.e., each MO points to a different channel raster location via carrierFreq definition.
· As all the raster locations where a SSB can be transmitted (SSBs those that are transmitted at sync raster locations and SSBs those that are transmtitted off the sync raster grid locations) can  be configured using the carrierFreq parameter itself, there is not need for frequencyOffset parameter in the ReferenceSignalConfig.  

Whether carrierFreq is encoded using sync raster grid or channel raster grid, the network needs at least 22 bits to point to all the frequency locations where SSBs can be transmitted.
Defining carrierFreq using the channel raster grid provides cleaner solution and as the frequency location where the SSBs are transmitted are directly available from carrierFreq rather than carrierFreq + frequencyOffset i.e., frequencyOffset is not required.   
carrierFreq is encoded using channel raster grid definition and it directly points to the location of the SSB.
frequencyOffset is removed from the ReferenceSignalConfig.
[bookmark: _Toc485388589][bookmark: _Hlk485381978]
[bookmark: _Hlk503440287]In the FrequencyInfoDL IE of the ServingCellConfigCommon IE, all the serving cell related time-frequency information is provided. One of the parameter configured as part of this IE is the ssb-subcarrier-offset. This is used to point to the exact subcarrier locations from the resource block grid location. The resource block grid location is provided via ARFCN values. This information is required for RRM measurements as well. Therefore, the measurement object should also include ssb-subcarrier-offset parameter (encoded in the same way as in FrequencyInfoDL).
Include ssb-subcarrier-offset parameter in the ReferenceSignalConfig IE.


CSI-RS related configurations in MO
Frequency reference for CSI-RS measurements 
The L3 mobility related CSI-RS configurations are provided as part of the MO. The ASN.1 structure of the CSI-RS related configurations in the MO are given below.  In this configuration, UE is provided with startPRB parameter which informs the UE as to where in frequency to find the CSI-RS transmissions. This is provided as an offset from the lower end of the bandwidth of the carrier i.e., from the ‘point A’. This is better explained using the Figure 1. In the scenario shown in the figure, both SSBs and CSI-RS are present in the carrier. The carrierFreq parameter in the MO directly points to the SSB transmission location. Then the offsetToPointA is used to point to the PRB0 and startPRB is used to point to the start location of the CSI-RS measurement bandwidth. Based on this analysis, the network needs to provide the offsetToPointA in the CSI-RS-ResourceConfig-Mobility as the offset from carrierFreq so that the startPRB can be defined as an offset from PRB0.  

offsetToPointA is included in the CSI-RS-ResourceConfig-Mobility as the pointer from carrierFreq to the PRB0 and startPRB is configured as the offset from this PRB0 to the lowest sub-carrier of the CSI-RS measurement bandwidth.

CSI-RS-ResourceConfig-Mobility ::= 		SEQUENCE {
	-- MO specific values
	csi-rs-MeasurementBW					SEQUENCE {
		-- 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, size268},
		-- 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),
		-- Each CSI-RS resource may be associated with one SSB. If such SSB is indicated, the NW also indicates whether the UE may assume 
		-- quasi-colocation of this SSB with this CSI-RS reosurce. 
		-- Corresponds to L1 parameter 'Associated-SSB' (see FFS_Spec, section FFS_Section)
		-- FFS: What does the UE do if it there is no such SSB-Index?
		associatedSSB							SEQUENCE {
			-- FFS_Value: Check the value range
			ssb-Index								SSB-Index	OPTIONAL,
			-- The CSI-RS resource is either QCL’ed not QCL’ed with the associated SSB in spatial parameters
			-- Corresponds to L1 parameter 'QCLed-SSB' (see FFS_Spec, section FFS_Section)
			isQuasiColocated						BOOLEAN
		},
		isServingCellMO						BOOLEAN
	},
	-- subcarrier spacing of CSI-RS. It can take the same values available also for the data channels and for SSB
	subcarrierSpacing						SubcarrierSpacing,
	-- FFS_Description. 
	-- FFS_CHECK: Should this be in the resource-config (here) or in the resource (below)?
	-- Corresponds to L1 parameter 'Common-PRB-Grid-offset' (see FFS_Spec, section FFS_Section)
	prb-GridOffset							INTEGER (maxNrofPhysicalResourceBlocksTimes4)										OPTIONAL,

    -- List of resources
	csi-rs-ResourceList-Mobility 	SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM))	OF CSI-RS-Resource-Mobility
}

CSI-RS-Resource-Mobility ::=				SEQUENCE {
	csi-rs-ResourceId-RRM					CSI-RS-ResourceId-RRM,
	cellId									PhysicalCellId,
	-- FFS_CHECK whether the following fields are supposed to be per resource (here) or in the resource config (above)
	-- Contains periodicity and slot offset for periodic/semi-persistent CSI-RS (see 38.211, section x.x.x.x)FFS_Ref
	slotConfig								CHOICE {
		ms5										INTEGER (0..4),
		ms10									INTEGER (0..9),
		ms20									INTEGER (0..19),
		ms40									INTEGER (0..39)
	},
	-- Resource Element mapping pattern for CSI-RS (see 38.211, section x.x.x.x) FFS_Ref
	resourceElementMappingPattern			ENUMERATED {ffsTypeAndValue},
	-- Sequence generation parameter for CSI-RS (see 38.211, section x.x.x.x) FFS_Ref
	sequenceGenerationConfig				INTEGER (0..1023),
	-- Frequency domain density for the 1-port CSI-RS for L3 mobility
	-- Corresponds to L1 parameter 'Density' (see FFS_Spec, section FFS_Section)
	density									ENUMERATED {d1,d3}		OPTIONAL,
	...
}

CSI-RS-ResourceId-RRM ::= 				INTEGER (0..maxNrofCSI-RS-ResourcesRRM-1)

[image: ]
[bookmark: _Ref503355610]Figure 1 : Example scenario with explanation of CSI-RS configuration parameters

Timing and Sync reference for carriers without SSB
For a carrier that do not have SSB, the network has to provide the timing information and the sync reference for the CSI-RS measurements. It can be provided in several different ways and they are summarized using the Figure 2 and the explanation below.
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[bookmark: _Ref503361164][image: ]
[bookmark: _Ref503427023]Figure 2 : Schematic depiction of different ways to provide sync source for a carrier without SSB

	Alternatives
	Pros
	Cons

	Alternative-1 (option a) in Figure 2):
The carrierFreq field in the MO points to the SSB that will be used as the sync source by the UE for measuring CSI-RSs. 
To find the lowest edge of the carrier, the UE adds the value provided in parameter offsetToPointA of CSI-RS-ResourceConfig-Mobility to the carrierFreq value. 

Point-A = carrierFreq + offsetToPointA

	The UE finds the lowest edge of the carrier in the same way for all types of carriers (ones with SSB and without SSBs).
	If the carrierFreq is pointing to a frequency location lower than the lowest edge of the carrier (pointA), then the offsetToPointA needs to be negative. This requires updating the ranges of offsetToPointA with negative values.

If the carrierFreq is pointing to a frequency location much further from the lowest edge of the carrier (pointA), then the offsetToPointA needs to be have larger range of offsetToPointA.


	Alternative-2 (option b) in Figure 2):
The carrierFreq field in the MO points to the SSB that will be used as the sync source by the UE for measuring CSI-RSs. In order to find the lowest edge of the carrier, the UE adds the pseudoCarrierFreq and offsetToPointA, configured in the CSI-RS-ResourceConfig-Mobility. The pseudoCarrierFreq is an ARFCN value within the bandwidth of the carrier.

Point-A = pseudoCarrierFreq + offsetToPointA

The UE initially syncs to the SSBs transmitted in carrierFreq location and then finds the difference between the ARFCN values as configured for carrierFreq and the pseudoCarrierFreq parameter. And after that the UE will find the lowest edge of the carrier by the method pointed above.
	No need for changing the ranges of offsetToPointA parameter.
	Needs to configure a new parameter pseudoCarrierFreq either in the ReferenceSignalConfig or in the CSI-RS-ResourceConfig-Mobility as an optional parameter (provided only when there is no SSB in the configured carrier).

	Alternative-3 (option c) in Figure 2):
The carrierFreq field in the MO points to the SSB that will be used as the sync source by the UE for measuring CSI-RSs. The lowest edge of the carrier is directly configured using pseudoCarrierFreq.

Point-A = pseudoCarrierFreq 


The UE initially syncs to the SSBs transmitted in carrierFreq location and then finds the difference between the ARFCN values as configured for carrierFreq and the pseudoCarrierFreq parameter to sync to the lowest edge of the carrier. 
	No need of offsetToPointA parameter when the carrier do not have SSBs.
	Needs to configure a new parameter pseudoCarrierFreq either in the ReferenceSignalConfig or in the CSI-RS-ResourceConfig-Mobility as an optional parameter (provided only when there is no SSB in the configured carrier).

The granularity of the ARFCN values that is used to encode pseudoCarrierFreq should be sufficient to encode the lowest edge of the carrier otherwise this method cannot be used. 

	Alternative-4 (option d) in Figure 2):
Similar to Alternative-2, but the roles of carrierFreq and pseudoCarrierFreq

Point-A = carrierFreq + offsetToPointA


	
	

	Alternative-5 (option e) in Figure 2):
Similar to Alternative-3, but the roles of carrierFreq and pseudoCarrierFreq

Point-A = carrierFreq


	
	




Based on the above table, the alternative (alternative-1) that provides the pointer to the lowest edge of the carrier using just carrierFreq and offsetToPointA is very restrictive in terms of where the synchronization signals are transmitted and the already available ranges of offsetToPointA parameter.
Providing the pointer to to the lowest edge of the carrier using just carrierFreq and offsetToPointA is very restrictive in terms of where the synchronization signals are transmitted and the already available ranges of offsetToPointA parameter.   
pseudoCarrierFreq is configured in the measurement object related to the carriers that do not have SSBs. RAN2 should discuss where do the pseudoCarrierFreq and carrierFreq point to and how the lowest edge of the carrier (point-A) is pointed from these parameters.   
One could provide the location of SSBs (for synchronizing) and CSI-RSs (for measurement) via direct ARFCN based pointer and this option could also be explored. By doing so, the parameters offsetToPointA and startPRB can be removed from CSI-RS-ResourceConfig-Mobility.  

Conclusion
[bookmark: _In-sequence_SDU_delivery]Based on the discussion we made the following observations:

1. Encoding of sync raster locations require 15 bits and encoding of channel raster locations require 22 bits. 
All the sync raster locations also have a corresponding value in terms of channel raster locations.
Whether carrierFreq is encoded using sync raster grid or channel raster grid, the network needs at least 22 bits to point to all the frequency locations where SSBs can be transmitted.
Defining carrierFreq using the channel raster grid provides cleaner solution and as the frequency location where the SSBs are transmitted are directly available from carrierFreq rather than carrierFreq + frequencyOffset i.e., frequencyOffset is not required.   
Providing the pointer to to the lowest edge of the carrier using just carrierFreq and offsetToPointA is very restrictive in terms of where the synchronization signals are transmitted and the already available ranges of offsetToPointA parameter.   
Based on the discussion we propose the following:
[bookmark: _Hlk503435997]
1. carrierFreq is encoded using channel raster grid definition and it directly points to the location of the SSB.
frequencyOffset is removed from the ReferenceSignalConfig.
Include ssb-subcarrier-offset parameter in the ReferenceSignalConfig IE.
offsetToPointA is included in the CSI-RS-ResourceConfig-Mobility as the pointer from carrierFreq to the PRB0 and startPRB is configured as the offset from this PRB0 to the lowest sub-carrier of the CSI-RS measurement bandwidth.
pseudoCarrierFreq is configured in the measurement object related to the carriers that do not have SSBs. RAN2 should discuss where do the pseudoCarrierFreq and carrierFreq point to and how the lowest edge of the carrier (point-A) is pointed from these parameters.   
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