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1	Introduction
RAN1 sent an LS to RAN2 and RAN4 on use of NCD-SSB instead of CD-SSB in R1-2112802 and asked for feedback from RAN2 and RAN4 on whether the working assumptions are acceptable from RAN2 and RAN4 perspectives, respectively.
In RAN2#116-e, the following agreements were made regarding the use of NCD-SSB instead of CD-SSB for RedCap UEs:

RAN2 confirmed understanding of the current situation:
(FFS if any of the following will be included in a reply LS to RAN1
1. For idle/inactive UEs, the concept of non-cell-defining SSB (NCD-SSB) and the corresponding procedures, i.e., measurements, cell (re-)selection, do not exist in the current RAN2 specifications.
2. For idle/inactive UEs, using NCD-SSB for measurements and cell (re-)selection would still require the UE to re-tune to the CORESET#0 for reading SIBs.
3. In connected mode, current RRC signalling allows configuring SSB-based RRM measurements on any (CD- or NCD-) SSB, but it does not allow using an NCD-SSB for RLM, BFD, link recovery, RO selection, mobility (mobility here refers to the frequency indicated in FreqDLInfo in HO command), in TCI-states or for any other functionality (other than RRM measurements).
4. It would be feasible to inform IDLE, INACTIVE and CONNECTED UEs about a NCD-SSB, however it is up to RAN1 and RAN4 to decide whether it is possible to use a NCD-SSB as QCL source.
5. According to the current RRC specification, PCIs indicated by other SSB and CD-SSB may be either the same or different if both other SSB and CD-SSB are transmitted on the serving cell.
6. PCIs indicated by the NCD-SSB and CD-SSB should be configured as same if both NCD-SSB and CD-SSB are transmitted on the serving cell.
7. [bookmark: _Hlk87227320]According to the current RRC specification, periodicities and/or TX power and/or block indexes (provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and/or QCL sources of other SSB may be either the same or different from those of CD-SSB, if both other SSB and CD-SSB are transmitted on the serving cell.
8. Use of CSI-RS for cell and beam RLM and measurements is already supported from RAN2 signalling standpoint.


Furthermore, RAN#94-e endorsed the following proposals in RP-213046:
1. Scheme 1 (i.e., UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB) is adopted for further work in Rel-17. Scheme 2 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with NCD-SSB) is not considered further in Rel-17
2. RAN2 should work on the assumption that the cell reselection measurements and cell ranking are performed based on measurements on the CD-SSB. This applies for intra- and inter-frequency measurements, and for IDLE and INACTIVE states.
2	Using NCD-SSB instead of CD-SSB
2.1	Idle/inactive mode
In accordance with the decisions taken in RAN2 and RAN plenary, the operation of IDLE/INACTIVE RedCap UEs follows the legacy behavior with respect to measurements, cell (re-)selection and reception of paging (UE uses CD-SSB). 
[bookmark: _Toc92790990][bookmark: _Hlk92653729]Reply to RAN1 that RAN2 and RAN concluded that the UE uses only the CD-SSB for IDLE/INACTIVE mode measurements, cell (re-)selection and paging reception (as in legacy). Using an NCD-SSB for these purposes is not considered further.

2.2	Connected mode
RAN1 has agreed the following regarding the case when an active DL BWP, which does not include CD-SSB and the entire CORESET#0, is configured via RRC signalling:

· For FR1,
· [bookmark: _Hlk92453460]For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB


In connected mode, gNB configures “measurement objects” to inform the UE at which frequency position to search for SSBs. Thus, the UE does not need to distinguish Cell-Defining and Non-Cell-Defining SSBs. In other words, current RRC signalling allows configuring SSB-based RRM measurements on any (CD- or NCD-) SSB.

[bookmark: _Toc92790954]In connected mode, current RRC signaling allows configuring SSB-based RRM measurements on any SSB (CD or NCD).

However, when sending RRM measurement reports, the UE should also include the latest measurements “for its serving cells”. To do so, UE needs to know which SSB (frequency) is associated with which serving cell. To do this, each ServingCell configuration points to a corresponding measurement object and thereby also to the “cell-defining SSB”. Furthermore, absoluteFrequencySSB is configured for each ServingCell. UE is supposed to use this cell defining SSB for (SSB-based) RLM, BFD, in TCI states, for RO selection and for all other purposes that require an SSB. The current RRC signalling does not support using an alternative SSB (NCD-SSB) for those purposes. It should also be noted that absoluteFrequencySSB must point to the SSB that is associated with SIB1. Therefore, it is not possible to provide the NCD-SSB frequency in the absoluteFrequencySSB ASN.1 field according to the current specifications.
[bookmark: _Toc92790955]In connected mode, current RRC signaling does not allow using an NCD-SSB for RLM, BFD, link recovery, RO selection, mobility, in TCI-states or for any other functionality (except for RRM measurements, see Observation 7).

Based on the discussion above, we propose the following for connected mode operation:
 
[bookmark: _Hlk92635828][bookmark: _Toc92790991]If introduced for connected mode, UE shall use the NCD-SSB for RLM, BFD, in TCI states, for RO selection and for all other purposes that otherwise use the CD-SSB.

Informing an RRC connected UE (e.g., in RRCSetup or RRCReconfiguration) that it shall use NCD-SSB for RLM, BFD, in TCI states, for RO selection and for all other purposes that otherwise use CD-SSB would be a relatively simple addition. If the addition is done on BWP-level and if it is specified that all the above-mentioned functions shall use this SSB instead of CD-SSB while the UE operates in this BWP, no other signalling changes would be required (e.g., no need to refer explicitly from the TCI state to the NCD-SSB).

BWP-DownlinkDedicated ::=       SEQUENCE {
    pdcch-Config                    SetupRelease { PDCCH-Config }         OPTIONAL,   -- Need M
    pdsch-Config                    SetupRelease { PDSCH-Config }         OPTIONAL,   -- Need M
    sps-Config                      SetupRelease { SPS-Config }           OPTIONAL,   -- Need M
    radioLinkMonitoringConfig       SetupRelease { RadioLinkMonitoringConfig } OPTIONAL,   -- Need M
    ...,
    [[
    sps-ConfigToAddModList-r16          SPS-ConfigToAddModList-r16        OPTIONAL,   -- Need N
    sps-ConfigToReleaseList-r16         SPS-ConfigToReleaseList-r16       OPTIONAL,   -- Need N
    sps-ConfigDeactivationStateList-r16 SPS-ConfigDeactivationStateList-r16 OPTIONAL,   -- Need R
    beamFailureRecoverySCellConfig-r16  SetupRelease {BeamFailureRecoverySCellConfig-r16}
																OPTIONAL,   -- Cond SCellOnly
    sl-PDCCH-Config-r16                 SetupRelease { PDCCH-Config }     OPTIONAL,   -- Need M
    sl-V2X-PDCCH-Config-r16             SetupRelease { PDCCH-Config }     OPTIONAL    -- Need M
    ]],
    [[
    absoluteFrequencySSB-BWP-r17        ARFCN-ValueNR                     OPTIONAL
    ]]

}
 

[bookmark: _Toc92790992]The NW may inform the UE about the presence of a NCD-SSB by providing the NCD-SSB's ARFCN in BWP-DownlinkDedicated.

To introduce NCD-SSB as outlined above, network would have to ensure that this NCD-SSB has the same properties as CD-SSB (same ssb-PositionsInBurst, PCI, ssb-periodicityServingCell, ss-PBCH-BlockPower, …). If it is necessary to configure those differently for CD- and NCD-SSB, additional signaling would need to be added. However, this might have more far-reaching consequences. E.g., one could add a “absoluteFrequencySSB-BWP-PCI-r17” and thereby tell the UE that the NCD-SSB has a different PCI than the CD-SSB. However, UEs in other cells would measure and report this NCD-SSB/PCI as neighbor cell. The neighbor gNB would need to resolve the gNB that serves this cell. This is usually done by ANR, i.e., the neighbor gNB asks its UEs to read the SIB1 and to report the global cell ID associated with the unknown PCI. But the NCD-SSB is not associated with SIB1 and the CGI reading, and reporting would fail. This would also impact mobility since RRM measurements cannot be used.
 
[bookmark: _Toc92790956]To support that the properties (ssb-PositionsInBurst, PCI, ssb-periodicityServingCell, ss-PBCH-BlockPower, …) of NCD-SSB are different from the CD-SSB, additional signaling would be required.

[bookmark: _Toc92790957]Different properties of NCD-SSB and CD-SSB may be easy to introduce in RRC signaling but could have far reaching impact on other functions, e.g., ANR and mobility. 

In some cases, it may be beneficial to have different properties for NCD-SSB compared to CD-SSB, e.g. to reduce the overhead of NCD-SSB transmission, but this would require further discussion to identify the real need and the trade-offs w.r.t. complexity, signalling and other possible implications. 

[bookmark: _Toc86427648][bookmark: _Toc92790993]In Rel-17, for connected mode operation NCD-SSB has the same properties (ssb-PositionsInBurst, PCI, ssb-periodicity, ssb-PBCH-BlockPower, …) as the corresponding CD-SSB.

[bookmark: _Toc92790994]NCD-SSB inherits all properties (ssb-PositionsInBurst, ssb-periodicity, PCI, ssb-PBCH-BlockPower...) from serving cell's CD-SSB.

[bookmark: _Toc92790995]The network may provide the ssb-periodicity explicitly for NCD-SSB and thereby override the inherited value.

Regarding the second working assumption: in the previous LS reply, RAN2 stated that use of CSI-RS for cell and beam RLM and measurements is already supported from RAN2 signalling standpoint. RAN2 stated further in the same LS reply that it is possible for the network to allow the UE to use gaps for intra-frequency measurements, i.e., so that the UE can re-tune to CD-SSB, however whether those gaps are needed or feasible is up to RAN4 to decide. The working assumption from the November RAN1 meeting is that a RedCap UE can indicate optionally that it does not need NCD-SSB yet it supports relevant operation based on CSI-RS. 

Therefore, we suggest replying to RAN1 as follows:

[bookmark: _Toc92790996][bookmark: _Hlk92655582]Regarding the second working assumption, RAN2 replies that use of CSI-RS for cell and beam RLM and measurements is already supported from RAN2 signaling standpoint, but it is up to RAN4 to decide whether CSI-RS can be used instead of CD-SSB and NCD-SSB for such measurements.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	In connected mode, current RRC signaling allows configuring SSB-based RRM measurements on any SSB (CD or NCD).
Observation 2	In connected mode, current RRC signaling does not allow using an NCD-SSB for RLM, BFD, link recovery, RO selection, mobility, in TCI-states or for any other functionality (except for RRM measurements, see Observation 7).
Observation 3	To support that the properties (ssb-PositionsInBurst, PCI, ssb-periodicityServingCell, ss-PBCH-BlockPower, …) of NCD-SSB are different from the CD-SSB, additional signaling would be required.
Observation 4	Different properties of NCD-SSB and CD-SSB may be easy to introduce in RRC signaling but could have far reaching impact on other functions, e.g., ANR and mobility.

Based on the discussion above we propose the following:

Proposal 1	Reply to RAN1 that RAN2 and RAN concluded that the UE uses only the CD-SSB for IDLE/INACTIVE mode measurements, cell (re-)selection and paging reception (as in legacy). Using an NCD-SSB for these purposes is not considered further.
Proposal 2	If introduced for connected mode, UE shall use the NCD-SSB for RLM, BFD, in TCI states, for RO selection and for all other purposes that otherwise use the CD-SSB.
Proposal 3	The NW may inform the UE about the presence of a NCD-SSB by providing the NCD-SSB's ARFCN in BWP-DownlinkDedicated.
Proposal 4	In Rel-17, for connected mode operation NCD-SSB has the same properties (ssb-PositionsInBurst, PCI, ssb-periodicity, ssb-PBCH-BlockPower, …) as the corresponding CD-SSB.
Proposal 5	NCD-SSB inherits all properties (ssb-PositionsInBurst, ssb-periodicity, PCI, ssb-PBCH-BlockPower...) from serving cell's CD-SSB.
Proposal 6	The network may provide the ssb-periodicity explicitly for NCD-SSB and thereby override the inherited value.
Proposal 7	Regarding the second working assumption, RAN2 replies that use of CSI-RS for cell and beam RLM and measurements is already supported from RAN2 signaling standpoint, but it is up to RAN4 to decide whether CSI-RS can be used instead of CD-SSB and NCD-SSB for such measurements.
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