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1	Introduction
RAN1 sent an LS to RAN2 and RAN4 on use of NCD-SSB instead of CD-SSB in R2-2110727. RAN1 discussed the following options related to configuration and use of DL BWPs for RedCap:
	· For FR1, following options:
· Option 1:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For an RRC-configured active DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Option 2:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode.
· If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE expects it to contain NCD-SSB for serving cell [FFS: or CSI-RS or measurement gap configuration] but not CORESET#0/SIB.
· 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.
· FFS: For Option 1 and Option 2, whether RedCap UE can/cannot expect SSB under certain other conditions, e.g., for SSB monitoring periodicity (i.e., SMTC configuration) and DRX cycle
· FFS: Whether additional mechanism for SI update or how SI update notifications and/or SI updates are signaled to RedCap UEs
· FFS: FR2 case




The rest of the LS asks for RAN2 and RAN4 feedback on the following questions:
	RAN1 respectfully requests RAN2 and RAN4 to provide feedback about the use of NCD-SSB instead of CD-SSB in terms of functionality feasibility, performance/coexistence, and specification/implementation impacts (when applicable) for idle/inactive/connected mode procedures for serving and non-serving cells for a Rel-17 RedCap UE operating with an initial or non-initial DL BWP not containing CD-SSB. Specifically, RAN1 would like RAN2/RAN4 to respond to the following questions before the RAN1#107-e meeting:
1. [RAN2/4] whether it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC
1. [RAN2/4] whether it is feasible to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) transmitted in idle, inactive, and/or connected mode in the initial/non-initial DL BWP of RedCap UE
1. [RAN2] whether/when the PCIs indicated by the NCD-SSB and CD-SSB can be the same/different, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
1. [RAN2/4] whether/when periodicities and/or TX power and/or block indexes (provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and/or QCL sources of NCD-SSB can be same/different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
1. [RAN2/4] whether it is necessary to introduce configuration limitations for NCD-SSB (e.g., regarding frequency locations, periodicity), e.g., to ensure coexistence with legacy UEs
1. [RAN2/4] if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation
1. [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity
1. [RAN2/4] any other potential impacts identified by RAN2/4 on support NCD-SSB for measurement
In order for the RAN1 work within the Rel-17 RedCap WI to be finalized in December 2021 as expected, RAN1 would need responses from RAN2 and RAN4 already before RAN1#107-e, which starts 11th November 2021.



It should be noted that the feedback is asked before the next RAN1 meetings starts 11th November, which means RAN1 preference is to get the feedback in the middle of RAN2 meeting. This topic should be treated early in RAN2#116-e, if possible. 
2	Use of NCD-SSB instead of CD-SSB
2.1	Analysis
2.1.1	Idle/inactive mode
In idle and inactive mode, a UE can detect and measure SSBs for the purpose of cell (re-)selection if the SSB is on the sync raster. If the UE detects an SSB the MIB therein tells the UE whether it has an associated SIB1. If it does, the UE acquires SIB1 and uses the information therein (barring, cellSelectionInfo, ...) to determine whether it may (re-)select the cell. Subsequently, it acquires the other SIBs (SIB2, 3, 4...) and uses the information therein to find out where to search for potential reselection target cells. But even if it detects such, it may only select them after having read and validated their SIB1.  

Hence, the concept of non-cell-defining-SSBs (NCD-SSB) does not exist in idle and inactive mode and corresponding procedures and signalling do not exist in the current RAN2 specifications.
[bookmark: _Toc86427637]In idle and inactive modes, the concept of non-cell-defining SSB (NCD-SSB) and corresponding procedures (measurements, cell (re-)selection) do not exist in the current RAN2 specifications. 

From signalling perspective, it would be possible to indicate, e.g., in SIB1 that RedCap UEs should not use the CD-SSB but rather another NCD-SSB for idle mode measurements and cell-reselection. However, to perform the cell reselection a UE would anyway have to re-tune to the CD-SSB and read SIB1 and other SIBs using the CORESET#0 of the target cell. Unless the network ensures that the NCD-SSBs have the same properties as the corresponding CD-SSBs, it may also be necessary to extend the cell-reselection related system information in SIB2-4 (e.g., inform the UE about a different SMTC or ssb-Positions on the NCD-SSB frequency or about different neighbour cell lists). Supporting measurements and cell (re-)selection on NCD-SSBs may turn out quite complex. It appears easier that RedCap UEs perform idle- and inactive mode reselection on the regular CD-SSB and the SIBs associated to it. They should also read paging there while in idle/inactive. For the transition to RRC Connected mode the RedCap UEs could still use a “separate initial DL BWP” at the edge of the carrier (especially in TDD if both UL and DL BWPs are located at the edge). If needed, another (NCD-)SSB could be broadcast there and used, e.g., by the UE for maintaining sync just before sending its RA if this is really considered necessary for that short period of time. 
[bookmark: _Toc86427638]Informing idle and inactive UEs about an additional “NCD-SSB” in the region of the “RedCap initial DL BWP” by an addition in SIB1 would be simple and feasible. This NCD-SSB could, e.g., be used for sync during the connection establishment phase if considered necessary.
[bookmark: _Toc86427639]However, using NCD-SSB for measurements and cell (re-)selection would require substantial changes to signaling and anyway require the UE to re-tune to the CORESET#0 for reading SIBs. 

As noted above, NCD-SSB could potentially be used during connection establishment, but this does not seem to be in line with Options 1 and 2 described in the LS. Based on the discussion above, we propose the following for idle and inactive mode:
[bookmark: _Toc86427645]RedCap UEs should perform idle mode measurements and mobility including acquisition of SIBs and paging on the regular CD-SSB and CORESET#0.
[bookmark: _Toc86427646]If NCD-SSBs are introduced, idle and inactive UEs should not use them for idle mode measurements and mobility. 
2.1.2	Connected mode
In connected mode, the 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, the current RRC signalling allows configuring SSB-based RRM measurements on any (CD- or NCD-) SSB.
[bookmark: _Ref86324839][bookmark: _Toc86427640]In connected mode, the current RRC signalling allows configuring SSB-based RRM measurements on any (CD- or NCD-) SSB.

However, when sending RRM measurement reports the UE should also include the latest measurements “for its serving cells”. To do so, the 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, the absoluteFrequencySSB is configured for each ServingCell. The 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 the 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: _Toc86427641]In connected mode, the current RRC signalling does not allow using an NCD-SSB for RLM, BFD, link recovery, RO selection, mobility, in TCI-states or for any other functionality (other than RRM measurements, Observation 4).

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 the 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 the 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
    ]],
    [[
[bookmark: _Hlk86324414]    absoluteFrequencySSB-BWP-r18        ARFCN-ValueNR                     OPTIONAL
    ]]
}

[bookmark: _Toc86427642]In connected mode it would be feasible and relatively simple to inform the UE about the ARFCN of an NCD-SSB which it shall use instead of the CD-SSB for RLM, BFD, and in TCI states, for RO selection and for all other purposes that otherwise use the CD-SSB. 

To introduce the NCD-SSB as outlined above, the network would have to ensure that this NCD-SSB has the same properties as the 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-r18” 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 a SIB1 and the CGI reading, and reporting would fail. 
[bookmark: _Toc86427643]To support that the properties (ssb-PositionsInBurst, PCI, ssb-periodicityServingCell, ss-PBCH-BlockPower, …) of NCD-SSB are different from the and CD-SSB, additional signaling would be required. 
[bookmark: _Toc86427644]Different properties of NCD-SSB and CD-SSB may be easy in RRC signaling but could have far reaching impact on other functions. E.g., it would be simple to inform an RRC Connected UE that the NCD-SSB has a different PCI. However, this would prevent UEs in a neighbor cell from reading and reporting this cell’s global cell identity. Hence, the neighbor gNB could not use ANR to resolve the gNB serving this cell. It could hence not use the RRM measurements for mobility. 
In some cases, it could be beneficial to have different properties for the NCD-SSB compared to CD-SSB, e.g. to reduce the overhead of NCD-SSB transmission. This would require further discussion to identify the real need and the trade-offs w.r.t. complexity, signaling and other possible implications. 
Based on the discussion above, we propose the following for connected mode operation: 
[bookmark: _Toc86427647]If NCD-SSBs are introduced for connected mode operation in BWPs that do not contain the CD-SSB, the 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.
[bookmark: _Toc86427648]As a starting point, the NCD-SSB should have the same properties (SMTC, ssb-PositionsInBurst, PCI, ssb-periodicityServingCell, ss-PBCH-BlockPowe, …) as the corresponding CD-SSB. 

2.2	Proposed replies to RAN1’s questions
Based on the analysis in the previous sub-section, we have the following proposal.
[bookmark: _Toc86427649]Based on the analysis in the previous sub-section, we suggest the following answers to RAN1. 
We would like to highlight that these answers are purely from a protocol perspective. Naturally, RAN1 and RAN4 may come to different conclusions from their perspectives. 

Q1: [RAN2/4] whether it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC
A1: 
In idle and inactive mode,
· the concept of (non-)cell-defining NCD-SSBs and corresponding procedures (measurements, cell (re-)selection) do not exist in the current RAN2 specifications. 
· informing idle and inactive UEs about an additional "NCD-SSB" in the region of the "RedCap initial DL BWP" (at the edge of the carrier) by an addition in SIB1 would be relatively simple and feasible. 
· using NCD-SSB for measurements and cell (re-)selection would require substantial changes to signalling and anyway require the UE to re-tune to the CORESET#0 for reading SIBs. 
In connected mode,
· the current RRC signalling allows configuring SSB-based RRM measurements on any (CD- or NCD-) SSB. 
· but the current RRC signalling does not allow using an NCD-SSB for RLM, BFD, link recovery, RO selection, mobility, in TCI-states or for any other functionality (other than RRM measurements).
· it would be feasible and simple to inform the UE about the ARFCN of an NCD-SSB which it shall use instead of the CD-SSB for RLM, BFD, in TCI states, for RO selection and for all other purposes that otherwise use the CD-SSB. As a baseline, the properties of the NCD-SSB (SMTC, ssb-PositionsInBurst, PCI, ssb-periodicityServingCell, ss-PBCH-BlockPower, …) should match the properties of the CD-SSB. Some deviations may only require small additions in signalling but other, larger changes, might have larger impacts on procedures. 

Q2: [RAN2/4] whether it is feasible to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) transmitted in idle, inactive, and/or connected mode in the initial/non-initial DL BWP of RedCap UE
A2: 
In idle and inactive mode,
· currently not supported (see A1)
· it would be feasible to inform the UE (via SIB1 and ServingCellConfigCommon) about an NCD-SSB in the "RedCap initial DL BWP" which the UE may use during the initial access (IDLE/INACTIVE àCONNECTED). It is up to RAN1/4 to determine whether this NCD-SSB can/should be used as QCL source. 
In connected mode,
· currently not supported (see A1)
· it would be feasible and simple to inform the UE about the ARFCN of an NCD-SSB which it shall use instead of the CD-SSB for RLM, BFD, in TCI states, for RO selection and for all other purposes that otherwise use the CD-SSB.

Q3: [RAN2] whether/when the PCIs indicated by the NCD-SSB and CD-SSB can be the same/different, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
A3: It is feasible to use the same PCI for CD-SSB and NCD-SSB. Using different PCIs would disable ANR, i.e., a neighbour gNB could not resolve the global cell identity of the reported PCI value in the NCD-SSB. Hence, it could not trigger connected mode mobility based on the RRM measurements that RedCap UEs perform on the NCD-SSB.

Q4: [RAN2/4] whether/when periodicities and/or TX power and/or block indexes (provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and/or QCL sources of NCD-SSB can be same/different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE
A4: 
· As mentioned in A1, it is possible and simplest if those parameters are the same for CD-SSB and NCD-SSB. It would also be possible to inform the UE that the TX power and/or ssb-PositionsInBurst are different from the CD-SSB. Of course, such flexibility should only be introduced if really needed.
· However, if one would want to use the NCD-SSB for idle mode measurements and cell (re-)selection, this information would also have to be provided for neighbour cells/carriers and it would have to be aligned with neighbour cells’ settings. If the TX power is set differently, also cell reselection parameters may need to be provided separately for NCD- and CD-SSBs (in SIB2, 3, 4). This would have large impact on signalling and procedures. As mentioned in A1, using NCD-SSB for mobility and cell (re-)selection is not advisable in any case. 

Q5: [RAN2/4] whether it is necessary to introduce configuration limitations for NCD-SSB (e.g., regarding frequency locations, periodicity), e.g., to ensure coexistence with legacy UEs
A5: For RRM measurements (the only procedure for which NCD-SSB exists today) there are no explicit restrictions. 
If the NCD-SSBs are on the sync raster, UEs might find them upon initial cell selection. They will notice upon reading MIB that there is no SIB1 and that they cannot camp on that frequency. But it may anyway be advisable to avoid the sync raster if possible. 
As mentioned above, introducing signalling for deviating parameters is usually possible. But the (negative) consequences may be hidden but severe. 

Q6: [RAN2/4] if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation.
A6: From RAN2 (signalling) perspective the use of CSI-RS for cell- and beam RLM and for measurements is already supported. 
Also, RRC signalling by which the network can allow the UE to use a share of the gaps for intra-frequency measurements exists. Whether those gaps are needed or feasible for the above-mentioned re-tuning to CD-SSB and CORESET#0 is likely for RAN4 to decide. 

Q7: [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity
A7: As mentioned in A6, the current RRC procedures and signalling for this option exist from RAN2 perspective. A UE could re-tune to the CD-SSB, e.g., within configured measurement gaps and/or outside DRX active time. 

Q8: [RAN2/4] any other potential impacts identified by RAN2/4 on support NCD-SSB for measurement
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	In idle and inactive modes, the concept of non-cell-defining SSB (NCD-SSB) and corresponding procedures (measurements, cell (re-)selection) do not exist in the current RAN2 specifications.
Observation 2	Informing idle and inactive UEs about an additional “NCD-SSB” in the region of the “RedCap initial DL BWP” by an addition in SIB1 would be simple and feasible. This NCD-SSB could, e.g., be used for sync during the connection establishment phase if considered necessary.
Observation 3	However, using NCD-SSB for measurements and cell (re-)selection would require substantial changes to signaling and anyway require the UE to re-tune to the CORESET#0 for reading SIBs.
Observation 4	In connected mode, the current RRC signalling allows configuring SSB-based RRM measurements on any (CD- or NCD-) SSB.
Observation 5	In connected mode, the current RRC signalling does not allow using an NCD-SSB for RLM, BFD, link recovery, RO selection, mobility, in TCI-states or for any other functionality (other than RRM measurements, Observation 4).
Observation 6	In connected mode it would be feasible and relatively simple to inform the UE about the ARFCN of an NCD-SSB which it shall use instead of the CD-SSB for RLM, BFD, and in TCI states, for RO selection and for all other purposes that otherwise use the CD-SSB.
Observation 7	To support that the properties (ssb-PositionsInBurst, PCI, ssb-periodicityServingCell, ss-PBCH-BlockPower, …) of NCD-SSB are different from the and CD-SSB, additional signaling would be required.
Observation 8	Different properties of NCD-SSB and CD-SSB may be easy in RRC signaling but could have far reaching impact on other functions. E.g., it would be simple to inform an RRC Connected UE that the NCD-SSB has a different PCI. However, this would prevent UEs in a neighbor cell from reading and reporting this cell’s global cell identity. Hence, the neighbor gNB could not use ANR to resolve the gNB serving this cell. It could hence not use the RRM measurements for mobility.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RedCap UEs should perform idle mode measurements and mobility including acquisition of SIBs and paging on the regular CD-SSB and CORESET#0.
Proposal 2	If NCD-SSBs are introduced, idle and inactive UEs should not use them for idle mode measurements and mobility.
Proposal 3	If NCD-SSBs are introduced for connected mode operation in BWPs that do not contain the CD-SSB, the 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 4	As a starting point, the NCD-SSB should have the same properties (SMTC, ssb-PositionsInBurst, PCI, ssb-periodicityServingCell, ss-PBCH-BlockPowe, …) as the corresponding CD-SSB.
Proposal 5	Based on the analysis in the previous sub-section, we suggest the following answers to RAN1.
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