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1. Introduction
Wideband carrier with multiple SS/PBCH blocks (SSBs) is introduced in NR. The multiple SSBs within a wideband carrier can be transmitted on/off the sync raster. Some of the SSBs may associate with RMSI while others may not. Meanwhile, it is agreed that no matter how many SBBs are there within the wideband carrier, from the perspective of UE, a cell is only associated with a single SSB, which is called cell defining SSB (CD-SSB).
In this contribution, further clarification on the usage of SSB is given both for IDLE/INACTIVE state and CONNECTED state.
2. Discussion
RAN1#91 agreement for the SSB :
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:
· [bookmark: OLE_LINK16][bookmark: OLE_LINK15]For an SSB on the sync raster, the indication of no associated RMSI is done using reserved value(s) in SSB-subcarrier-offset. If no RMSI present, RMSI-PDCCH-Config is used to signal the next sync raster that UE should search for cell-defining SSB.
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 achievement in RAN1 and RAN4, it can be seen that there are three types of SSBs:
Type1: SSB located on the sync raster and associated with RMSI;
Type2: SSB located on the sync raster w/o associated RMSI;
Type3: SSB located off the sync raster;
Type1 SSB can be detected by IDLE/INACTIVE UE and with the reception of the associated RMSI, UE can camp on the cell. Type2 SSB can also be detected by IDLE/INACTIVE UE. However, without associated RMSI, the UE may be redirected to the next Type1 SSB. In other words, the UE can only camp on the cell via the detection of a Type1 SSB. While for Type3 SSB which is not located at the sync raster at all, our understanding is that it is mainly introduced for the purpose of measurement, especially for the purpose of measurement in the CONNECTED state. So the reasonable assumption is that there’s no need for the UE to detect and measure Type3 SSB in the IDLE/INACTIVE state.
Observation 1: There are three types of SSBs:
· Type1: SSB located on the sync raster and associated with RMSI;
· Type2: SSB located on the sync raster w/o associated RMSI;
· Type3: SSB located off the sync raster;
[bookmark: OLE_LINK9]Observation 2: An IDLE mode UE can only camp on the cell via the detection of Type1 SSB.
The concept of cell-defining SSB is introduced from the perspective of UE at RAN1 NR#03:
Agreements:
· From UE perspective, a cell is associated with a single SS block
· Note: The cell defining SS block has an associated RMSI
· Note: From the RAN1 perspective, the cell defining SS block could for example be used for 
· Common PRB indexing
· Scrambling
· Etc.
In other words, no matter how many SBBs are there within the wideband carrier, from the perspective of UE, a cell is only associated with a single SSB, i.e. cell defining SSB (CD-SSB). And RAN2 made the following agreement at RAN2 NR_AH_1801:
· [bookmark: OLE_LINK7]RAN2 understand that the SSB of the cell where Idle/inactive UE camps is the cell defining SSB.
Then the question that needs to be clarified is which type should the CD-SSB be? Given the agreements of the CD-SSB and the above analysis of the three types of SSB, we think that the CD-SSB should be a Type 1 SSB and kindly ask RAN2 to confirm this.
Proposal 1: RAN2 is kindly asked to confirm that CD-SSB is a SSB which is located on the sync raster and is associated with RMSI. 
A cell with CD-SSB can be camped by IDLE/INACTIVE UE thus is a SA capable cell. However, for the case of NSA NR cell, e.g. a EN-DC only NR cell, the CD-SSB can be absent. In other words, a NSA NR cell can be a cell with only Type 2/Type3 SSBs or even without SSBs at all according to the following agreement at RAN1#91:
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

So, if proposal 1 is confirmed, we kindly ask RAN2 to confirm the following proposal:
Proposal 2: RAN2 is kindly asked to confirm that a NSA NR cell can be a cell without CD-SSB. 
At RAN2_AH_1801, it is agreed that:
· 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.
Then correspondingly, in the current draft 38.331[2], the DL carrier of the serving cell is given by the CD-SSB:
[image: ]
Meanwhile the definition of SSB based intra-frequency and inter-frequency measurement and the determination of the MO corresponding to the serving cell frequency is given via the CD-SSB too:
[bookmark: _Hlk496880023]-	SS/PBCH Block based intra-frequency measurements: measurements at SSB(s) of neighbour cell(s) where both the center frequency(ies) and subcarrier spacing are the same as the cell-defining SSB of each serving cell.
-	SS/PBCH Block based inter-frequency measurements: measurements at SSB(s) of neighbour cell(s) that have different center frequency(ies) or different subcarrier spacing compared to the cell-defining SSB of each serving cell.
- 	UE determines which MO corresponds to the serving cell frequency from the frequency location of the cell-defining SSB that is contained within the serving cell configuration.
If proposal 1 and proposal 2 are confirmed, for CONNECTED mode UEs, a new type of SSB which may be called the cell associated SSB (CA-SSB) should be introduced in addition to the CD-SSB. The CD-SSB should only be applied to the IDLE/INACTIVE state while the CA-SSB should only be applied to the CONNECTED state. The CA-SSB can be a CD-SSB or a non-CD-SSB (either Type2 or Type3 SSB).
Proposal 3: A new terminology “cell associated SSB (CA-SSB)” should be introduced in addition to the CD-SSB. The CD-SSB should only be applied to the IDLE/INACTIVE state while the CA-SSB should only be applied to the CONNECTED state.
As illustrated above, in the current draft 38.331[2], the DL carrier of the serving cell is configured by the CD-SSB which is defined by the GSCN. If proposal 2 is confirmed, i.e. a NSA NR cell can be a cell with Type2/Type3 SSB or even without SSB at all. Then the DL carrier of the serving cell should be configured by the frequency location of the CA-SSB (for the cell with SSB) or the NR-ARFCN of the carrier (for the cell w/o SSB). Correspondingly, the MO corresponding to the serving cell frequency should be determined by the CA-SSB or the NR-ARFCN contained within the DL carrier of the serving cell. Meanwhile, the definition of the SSB based intra-frequency and inter-frequency measurement should be revised as defined by the CA-SSB. The CA-SSB frequency location may or may not be located on the sync raster.
Proposal 4: For a CONNECTED state UE, the DL carrier of the serving cell should be configured by the frequency location of the CA-SSB (for the cell with SSB) or the NR-ARFCN of the carrier (for the cell w/o SSB). 
Proposal 5: The MO corresponding to the serving cell frequency should be determined by the CA-SSB or the NR-ARFCN contained within the DL carrier of the serving cell.
[bookmark: OLE_LINK10]Proposal 6: The definition of the SSB based intra-frequency and inter-frequency measurement should be given by the CA-SSB.
[bookmark: OLE_LINK11]For SSB on the sync raster, the frequency location of the SSB can be defined by GSCN. While for SSB off the sync raster or for a cell without SSB at all, the NR-ARFCN can be used to indicate the DL carrier of the cell. Given the above, two possible alternatives are given in the following to configure the DL carrier of the serving cell for a CONNECTED state UE:






Alt.1 Configure with a choice structure (dependinging on whether with SSB on sync raster) 
FrequencyInfoDL information element
-- ASN1START
-- TAG-FREQUENCY-INFO-DL-START
 
[bookmark: OLE_LINK3]FrequencyInfoDL ::= 				SEQUENCE {
	-- Frequency of the SSB to be used for this serving cell. 
	absoluteFrequencySSB					GSCN-ValueNR,
carrierFreq				CHOICE {
[bookmark: OLE_LINK8]       -- Absolute frequency location of the SSB (for cell with SSB located on the sync raster)     
absoluteFrequencySSB GSCN-ValueNR,
-- Absolute frequency location of the channel raster (for cell w/o SSB on sync raster)
absoluteFrequencyARFCN  ARFCN-ValueNR,
}
	-- The frequency domain offset between SSB and the overall resource block grid in number of subcarriers. 
	-- Absence of the field indicates that no offset is applied (offset = 0). See 38.211, section 7.4.3.1)
	ssb-SubcarrierOffset				INTEGER (1..15)																	OPTIONAL,
	-- Absolute frequency position of the lowest subcarrier (point A) of the reference PRB (Common PRB 0). 
	-- Corresponds to L1 parameter 'offset-ref-low-scs-ref-PRB' (see 38.211, section FFS_Section)
	absoluteFrequencyPointA						ARFCN-ValueNR																	OPTIONAL,
 
	-- A set of virtual carriers for different subcarrier spacings (numerologies). Defined in relation to Point A.
	-- Corresponds to L1 parameter 'offset-pointA-set' (see 38.211, section FFS_Section)
	scs-SpecificCarriers				SEQUENCE (SIZE (1..ffsValue)) OF SCS-SpecificVirtualCarrier,
[bookmark: OLE_LINK4]	...
}
 
-- TAG-FREQUENCY-INFO-UL-STOP
-- ASN1STOP

Alt.2 Configure with a unified structure (NR-ARFCN+SSBoffset)
FrequencyInfoDL information element
-- ASN1START
-- TAG-FREQUENCY-INFO-DL-START
 
FrequencyInfoDL ::= 				SEQUENCE {
	-- Frequency of the SSB to be used for this serving cell. 
	absoluteFrequencySSB					GSCN-ValueNR,
carrierFreq				SEQUENCE {      
[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 a cell with SSB on sync raster.
[bookmark: OLE_LINK12]SSBoffset   ENUMERATED {ffsTypeAndValue},     OPTIONAL
}
	-- The frequency domain offset between SSB and the overall resource block grid in number of subcarriers. 
	-- Absence of the field indicates that no offset is applied (offset = 0). See 38.211, section 7.4.3.1)
	ssb-SubcarrierOffset				INTEGER (1..15)																	OPTIONAL,
	-- Absolute frequency position of the lowest subcarrier (point A) of the reference PRB (Common PRB 0). 
	-- Corresponds to L1 parameter 'offset-ref-low-scs-ref-PRB' (see 38.211, section FFS_Section)
	absoluteFrequencyPointA						ARFCN-ValueNR																	OPTIONAL,
 
	-- A set of virtual carriers for different subcarrier spacings (numerologies). Defined in relation to Point A.
	-- Corresponds to L1 parameter 'offset-pointA-set' (see 38.211, section FFS_Section)
	scs-SpecificCarriers				SEQUENCE (SIZE (1..ffsValue)) OF SCS-SpecificVirtualCarrier,
	...
}
 
-- TAG-FREQUENCY-INFO-UL-STOP
-- ASN1STOP

Proposal 7: Adopt one of the above two alternatives (e.g. a choice structure or a unified structure) to configure the DL carrier of the serving cell.
It is agreed at the very beginning that the cell selection and reselection in NR will take the mechanism in E-UTRAN as a baseline. And the first major update has been captured in [3] after the email discussion [4]. For instance, in NR, the intra-frequency and equal priority inter-frequency reselection is based on cell ranking, while the different priority inter-frequency reselection is based on absolute priorities just like in E-UTRAN. With the introduction of wideband carrier in NR, the question is how to configure intra-frequency and inter-frequency measurement in the system information for an IDLE/INACTIVE UE.
At RAN2#99bis, it is agreed that when operating with wideband carrier, each SSB which needs to be measured is configured as an individual MO:
· 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).
In addition, at last RAN2 meeting, it is agreed that:
· BWPs have no specification impact to cell selection and reselection. Cell selection and reselection is based on SSB.
Given the above, just as what have agreed for CONNECTD state, in IDLE/INACTIVE state, each SSB freqeuncy which needs to be measured by the UE should be configured as individual measurement frequency. And with the introduction of CD-SSB, the definition of intra-frequency and inter-frequency measurement should be given based on the CD-SSB. In other words, each SSB frequency which needs to be measured by UE should be configured as individual frequency in the system information. SSB frequency with both the same center frequency and subcarrier spacing as the CD-SSB should be configured as intra-frequency measurement in the system information. While SSB frequency with either different center frequency or different subcarrier spacing compared to the CD-SSB should be configured as inter-frequency measurement in the system information.
Proposal 8: In IDLE/INACTIVE state, each SSB frequency which needs to be measured by UE should be configured as individual frequency in the system information.
[bookmark: OLE_LINK5][bookmark: OLE_LINK2]Proposal 9: In IDLE/INACTIVE, SSB frequency with both the same center frequency and subcarrier spacing as the CD-SSB should be configured as intra-frequency measurement in the system information. While SSB frequency with either different center frequency or different subcarrier spacing compared to the CD-SSB should be configured as inter-frequency measurement in the system information.
As classified above, there are three types of SSBs, CD-SSB (Type1) and non-CD-SSB (Type2 or Type3). As analyzed above, Type3 SSB is mainly introduced for the purpose of CONNECTED state measurement. So from this perspective, it doesn’t make sense to let IDLE/INACTIVE UE to detect and measure Type3 SSB. In other words, there’s no need to configure Type3 SSB frequency in the system information for measurement. While for Type2 SSB, without associated RMSI, the UE can’t select and camp on the cell. And if there’s an explicit signaling of the next CD-SSB within Type2 SSB, the UE may be redirected to the next CD-SSB for cell reselection. The “redirection” is anyhow an additional mechanism besides the absolute priority based inter-frequency reselection. With the introduction of this new “redirection” mechanism, the agreement made at last RAN2 meeting (BWPs have no specification impact to cell selection and reselection. Cell selection and reselection is based on SSB) is not true anymore. Meanwhile, the impact on the absolute priority based inter-frequency reselection should be carefully evaluated too. 
Another question should be clarified is that, for the SSB frequency on sync raster, whether SSB with RMSI and SSB w/o RMSI can be configured within this single SSB frequency? If such configuration is allowed and the “next CD-SSB” indication in the SSB without RMSI is used for cell reselection redirection, besides the issue indicated above for Type2 SSB, there will be the risk of Ping-Pong issue as analyzed by VIVO[5]. 
Given the above, we kindly ask RAN2 to confirm:
[bookmark: OLE_LINK6]Proposal 10: RAN2 is kindly asked to confirm whether SSB frequency that is on the sync raster but without RMSI should be configured in the system information for cell reselection.
Proposal 11: RAN2 is kindly asked to clarify whether SSB with RMSI and SSB w/o RMSI can be configured within the single SSB frequency simultaneously.
3. Conclusion and proposals
In this contribution, further clarification on the usage of SSB is given both for IDLE/INACTIVE state and CONNECTED state with the following observations and proposals:
Observations:
Observation 1: There are three types of SSBs:
· Type1: SSB located on the sync raster and associated with RMSI;
· Type2: SSB located on the sync raster w/o associated RMSI;
· Type3: SSB located off the sync raster;
Observation 2: An IDLE mode UE can only camp on the cell via the detection of Type1 SSB.

Proposals:
Proposal 1: RAN2 is kindly asked to confirm that CD-SSB is a SSB which is located on the sync raster and is associated with RMSI. 
Proposal 2: RAN2 is kindly asked to confirm that a NSA NR cell can be a cell without CD-SSB. 
Proposal 3: A new terminology “cell associated SSB (CA-SSB)” should be introduced in addition to the CD-SSB. The CD-SSB should only be applied to the IDLE/INACTIVE state while the CA-SSB should only be applied to the CONNECTED state.
Proposal 4: For a CONNECTED state UE, the DL carrier of the serving cell should be configured by the frequency location of the CA-SSB (for the cell with SSB) or the NR-ARFCN of the carrier (for the cell w/o SSB). 
Proposal 5: The MO corresponding to the serving cell frequency should be determined by the CA-SSB or the NR-ARFCN contained within the DL carrier of the serving cell.
Proposal 6: The definition of the SSB based intra-frequency and inter-frequency measurement should be given by the CA-SSB.
Proposal 7: Adopt one of the above two alternatives (e.g. a choice structure or a unified structure) to configure the DL carrier of the serving cell.
Proposal 8: In IDLE/INACTIVE state, each SSB frequency which needs to be measured by UE should be configured as individual frequency in the system information.
Proposal 9: In IDLE/INACTIVE, SSB frequency with both the same center frequency and subcarrier spacing as the CD-SSB should be configured as intra-frequency measurement in the system information. While SSB frequency with either different center frequency or different subcarrier spacing compared to the CD-SSB should be configured as inter-frequency measurement in the system information.
Proposal 10: RAN2 is kindly asked to confirm whether SSB frequency that is on the sync raster but without RMSI should be configured in the system information for cell reselection.
Proposal 11: RAN2 is kindly asked to clarify whether SSB with RMSI and SSB w/o RMSI can be configured within the single SSB frequency simultaneously.
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