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In RAN1#89 meeting, the possibility for transmitting multiple SS blocks (SSBs) in the frequency domain within a wideband carrier was agreed. In RAN1#90 meeting, two alternatives were agreed in case of multiple SSBs within a wideband carrier, i.e. all the SSBs having the same PCI and different SSBs having different PCIs. In RAN1 #AH_NR3 meeting, the concept of ‘cell-defining SSB’ (CD-SSB) is introduced and a cell is associated with the CD-SSB from UE perspective. 
Then the concept of CD-SSB was discussed by RAN2 in several meetings and following agreements were achieved for UE in IDLE, Inactive and CONNECTED mode. 
RAN2#99bis meeting 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).
RAN2#AH-1801 meeting Agreements for PCell and PSCell (applicability to SCells depends on offline on BWP signalling structure)
1:	RAN2 understand that the SSB of the cell where Idle/inactive UE camps is the cell defining SSB.
2	In idle/inactive system information provides the UE with the common configuration that corresponds to the Initial DL and UL BWP (and no other BWPs). 
FFS Whether the Initial BWP provided in SI and the Initial BWP provided in dedicated signalling are defined as 2 types to simply the specification. Stage 3 issue.
2i	Common and dedicated configuration of the Initial BWP can be provided in RRC connected. Common configuration is only provided at synchronous reconfiguration.
2ii	Other BWPs can only be configured in RRC connected.
3	Idle/inactive UE monitors system information and paging information in the initial DL BWP.
4	Idle/inactive UE performs random access in the initial UL/DL BWP.
5	Initial BWP configuration as provided in system information should be the same as the common configuration of the Initial BWP configuration provided in RRC connected provided at synchronous reconfiguration.
6	Upon transition to the idle state, UE releases all dedicated BWP configurations (and therefore UE applies the initial BWP configuration from system information of the cell where the UE is camped)
7	Upon transition to the inactive state, UE applies the initial BWP configuration from system information of the cell where the UE is camped.
8	BWPs have no specification impact to cell selection and reselection. Cell selection and reselection is based on SSB.
In this contribution, we discuss the functions supported by CD-SSB and propose to capture CD-SSB in stage-2 spec. 
Functions supported by CD-SSB
CD-SSB in CONNECTED
In current version of TS38.331, the IE FrequencyInfoDL defines a DL frequency, which is used to identify the DL frequency of the serving cell or the measurement objects.  If it is used to identify DL frequency of the serving cell in ServingCellConfigCommon, ARFCN-ValueNR for the IE absoluteFrequencySSB is the frequency centre of CD-SSB. It is further considered as the time reference of the serving cell. The PCI detected in the CD-SSB is considered as the PCI for the cell. From UE point of view, there should be only one CD-SSB among the multiple SSBs for the carrier.
Observation 1: For UE in CONNECTED, there is one CD-SSB, which is used for cell identification and timing reference. 
When UE in CONNECTED mode, each SSB in frequency domain which needs to be measured by the UE should be configured as individual measurement object. In order to support BWP operation, it’s possible that multiple MOs corresponding to multiple SSBs of the serving cell will be configured. However, UE performs RRM measurement on the CD-SSB to support cell-level mobility, e.g. HO, SCG change or SCell addition/remove. 
According to current version of TS38.300, if the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSB are also the same, the measurement is defined as SSB based intra-frequency measurement; otherwise the measurement is defined as SSB based inter-frequency measurement. So the CD-SSB of the serving cell is used as reference to decide which MO corresponds to the serving frequency. 
Observation 2: For UE in CONNECTED, CD-SSB is used as reference to identify serving frequency for SSB-based RRM measurement. 
According to LTE principle for HO, when the eNB decides to HO, it shall derive KeNB* using target PCI, its frequency EARFCN-DL, and either NH or the current KeNB. The same principle can be used for reconfiguration with sync in NR. The ARFCN-ValueNR of CD-SSB of the target cell is used as input parameter for security key derivation. 
Observation 3: For UE in CONNECTED, ARFCN-ValueNR of CD-SSB of is used for security key derivation. 
CD-SSB in IDLE/INACTIVE
At initial cell search and cell (re)selection, the UE will search for the PSS/SSS in possible positions on SS raster. Once a carrier is identified and DL synchronization is acquired, the physical cell ID is obtained. UE will read the MIB for the essential system information acquisition, where the RMSI CORESET configuration should be provided. Then UE further reads RMSI, based on the information of which UE can perform initial access to the network.  The SSB with RMSI CORESET configuration is considered as CD-SSB. It is RAN2 common understanding that the SSB of the cell where Idle/inactive UE camps on is the CD-SSB and cell selection/reselection for UE in IDLE/INACTIVE is performed based on it. 
Observation 4: For UE in IDLE/INACTIVE, CD-SSB is where UE camps on and used for cell selection/reselection. 
For initial DL BWP, it is defined as the frequency location and bandwidth of RMSI CORESET and numerology of RMSI. So PDSCH delivering RMSI, RAR and Msg4 are confined within the initial DL BWP. 
For initial UL BWP, the numerology of the initial UL BWP is the same as the numerology of Msg3 PUSCH configured in RMSI. For FDD, the frequency position of the initial active UL BWP can be configured in RMSI; for TDD, initial DL and initial UL BWP share the same center frequency. The bandwidth of the initial active UL BWP can be configured in RMSI, which should be equal to or narrower than UE minimum Tx bandwidth. The transmission of PUSCH for Msg.3 and the transmission of PUCCH for Msg.4 HARQ feedback are confined within the initial UL BWP. 
Observation 5: For UE in IDLE/INACTIVE, initial DL BWP is configured by CD-SSB and initial UL BWP is configured by the RMSI associated to the CD-SSB. 
Consequently, UE monitors system information and paging information in the initial DL BWP and performs random access in the initial UL/DL BWP when In IDLE/INACTIVE mode. 
Observation 6: UE monitors system information and paging information in the initial DL BWP and performs random access in the initial UL/DL BWP when in IDLE/INACTIVE mode.
Based on above observation, the particular CD-SSB supports the same functions as traditional ‘cell’. Considering the concept of NR cell especially in SA is still empty and some agreements were reached for CD-SSB, RAN2 should consider to capture it in stage-2 specification. 
Proposal 1: For UE in IDLE/INACTIVE, UE camps on CD-SSB and performs cell selection/reselection based on it.  UE also derives the initial DL/UL BWP configuration from CD-SSB and the associated RMSI for monitoring system information/paging and performing random access; for UE in CONNECTED, CD-SSB is used for cell identification, timing reference, serving frequency identification for SSB-based RRM measurement, security derivation and HO. 
Proposal 2: Capture the CD-SSB definition in stage-2 specification. 
Conclusion
[bookmark: _Toc494187378]In this contribution, we discuss the supported functions by CD-SSB with following observations:
Observation 1: For UE in CONNECTED, there is one CD-SSB, which is used for cell identification and timing reference. 
Observation 2: For UE in CONNECTED, CD-SSB is used as reference to identify serving frequency for SSB-based RRM measurement. 
Observation 3: For UE in CONNECTED, ARFCN-ValueNR of CD-SSB of is used for security key derivation. 
Observation 4: For UE in IDLE/INACTIVE, CD-SSB is where UE camps on and used for cell selection/reselection. 
Observation 5: For UE in IDLE/INACTIVE, initial DL BWP is configured by CD-SSB and initial UL BWP is configured by the RMSI associated to the CD-SSB. 
Observation 6: UE monitors system information and paging information in the initial DL BWP and performs random access in the initial UL/DL BWP when in IDLE/INACTIVE mode.
We propose:
[bookmark: _Ref483233501]Proposal 1: For UE in IDLE/INACTIVE, UE camps on CD-SSB and performs cell selection/reselection based on it.  UE also derives the initial DL/UL BWP configuration from CD-SSB and the associated RMSI for monitoring system information/paging and performing random access; for UE in CONNECTED, CD-SSB is used for cell identification, timing reference, serving frequency identification for SSB-based RRM measurement, security derivation and HO. 
Proposal 2: Capture the CD-SSB definition in stage-2 specification. 
The TP is provided in the Appendix.
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Annex B (informative):
Deployment Scenarios
B.2 Multiple SSBs in a Wideband Carrier
Multiple SSBs can be potentially transmitted in the frequency domain within a wideband carrier. All the SSBs within the carrier may have the same or different PCIs. One of the SSB is defined as CD-SSB. From UE aspect, each SpCell and each SCell has a single associated CD-SSB. The CD-SSB is used for cell identification and timing reference for a cell. 
For UE in RRC_IDLE/RRC_INACTIVE, UE camps on CD-SSB and performs cell selection/reselection based on it.  UE also derives the initial DL BWP configuration from the CD-SSB and the initial UL BWP configuration from the RMSI associated to the CD-SSB. For UE in RRC_CONNECTED, CD-SSB is used for serving frequency identification for SSB-based RRM measurement, security derivation and handover. CD-SSB can be changed by reconfiguration with sync for SpCell and Scell release/add for the SCell. 
