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1 Introduction
RAN1 have reached a set of agreements on the use of NCD-SSB as indicated in their LS to RAN2 [1]. Following this, RAN plenary has also agreed to downscope the set of cases where NCD-SSB is to be used, as below:· 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
· 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.


In this paper, we discuss the questions asked by RAN1 in their LS as well as the RAN2 aspects related to the use of NCD-SSB.
2 Discussion
2.1 Idle/Inactive mode operation
Considering the RAN plenary agreement which excludes the case where a separate initial DL BWP is associated with an NCD-SSB, the only relevant aspect from the RAN1 LS for Idle/Inactive mode is the excerpt below.· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.


As the separate initial DL BWP does not exceed the max RedCap UE bandwidth and includes the CD-SSB and CORESET#0, there is no need for the UE to retune between SSB reception (for synchronisation) and paging reception. Similarly, neighbour cell measurement procedures for RedCap UEs remain unchanged from regular UEs, as there is no need to retune to monitor intra-frequency neighbour cells. 
Observation 1: There is no RAN2 impact to Idle/Inactive mode procedures (i.e. paging and mobility) for RedCap UEs with the introduction of a separate initial DL BWP which includes the CD-SSB.
The only update required is the signalling support for the indication of a separate initial DL BWP. As this relates to the serving cell configuration, SIB1 would be the appropriate SI block to carry this information.
Proposal 1: SIB1 is used to indicate a separate initial DL BWP for RedCap UEs.
2.2 Connected mode operation
2.2.1 RACH and BWP operation
In addition to the introduction of a separate initial DL BWP as outlined earlier, RAN1 have also agreed to the introduction of a separate initial UL BWP, as captured below:Excerpt 1: Agreements on separate initial UL BWP from R1-106bis [3] and R1-107 [4]
· For a cell that allows a RedCap UE to access, network can configure a separate initial UL BWP for RedCap UEs in SIB
· It can be used both during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· It is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases
· In Rel-17, up to 1 separate initial UL BWP for RedCap can be configured.


If a separate initial UL BWP for RedCap UEs is configured by the network, the obvious intention is that this UL BWP is to be used by all RedCap UEs. To start with, a RedCap UE in Idle/Inactive mode performs initial access to enter Connected mode using RACH resources configured on the initial UL BWP. If a RedCap-specific initial UL BWP is configured, RedCap UEs should only use RACH resources configured on that BWP for initial access. If a separate UL BWP is not configured, a RedCap UE should use the legacy initial UL BWP for initial access (as today). 
Proposal 2: An Idle/Inactive mode RedCap UE should always use the RedCap-specific initial BWP (if configured) for initial access (i.e. to enter connected mode).
Once in Connected mode, if the RACH procedure is triggered for the PCell and if PRACH occasions are not configured for the active UL BWP, the UE switches both the UL and DL BWPs to the initial BWPs today. Similarly, if the BWP Inactivity timer expires, the UE switches to the initial DL BWP if a default DL BWP is not configured as shown in the excerpt below from TS 38.321 [5]. Excerpt 2: Relevant text on BWP operation from TS 38.321, section 5.15 [5]
1>	if PRACH occasions are not configured for the active UL BWP:
2>	switch the active UL BWP to BWP indicated by initialUplinkBWP;
2>	if the Serving Cell is an SpCell:
3>	switch the active DL BWP to BWP indicated by initialDownlinkBWP.
…
1>	if the defaultDownlinkBWP-Id is not configured, and the active DL BWP is not the initialDownlinkBWP, and the active DL BWP is not the BWP indicated by the dormantBWP-Id if configured:
2>	if the bwp-InactivityTimer associated with the active DL BWP expires:
3>	if the defaultDownlinkBWP-Id is configured:
4>	perform BWP switching to a BWP indicated by the defaultDownlinkBWP-Id.
3>	else:
4>	perform BWP switching to the initialDownlinkBWP.


Once again, given that separate initial DL and UL BWPs are being introduced specifically for use by RedCap UEs and is intended for use after initial access as well, the BWP procedure needs to be updated to ensure that RedCap UEs always fallback to the RedCap-specific initial BWP in case of RACH trigger or BWP inactivity timer expiry.
Proposal 3: If RACH is triggered for a RedCap UE and PRACH occasions are not configured for the active UL BWP, a BWP switch to the RedCap-specific initial BWP (if configured) is triggered.
Proposal 4: If the BWP-InactivityTimer expires and a default BWP is not configured, a BWP switch to the RedCap-specific initial BWP (if configured) is triggered.
2.2.2 Measurements
When a RedCap UE in connected mode operates in a BWP that includes the CD-SSB, measurement procedures (i.e. BFD/RLM/RRM) remain unchanged from regular UEs. In case of neighbour cell monitoring, the CD-SSB of Intra-frequency neighbour cells would share the same centre frequency and SCS as the CD-SSB of the serving cell and can be monitored without the need for gaps just as in regular UEs. Similarly, Inter-frequency measurements are expected to require gaps as in regular UEs.
Observation 2: No changes to measurement procedures are foreseen for a connected mode RedCap UE that operates in a BWP that includes the CD-SSB.

In the rest of this section, we focus on the case where the connected mode RedCap UE operates in a DL BWP that does not include the CD-SSB. RAN1 have reached the following agreements in this case and have asked RAN2 to check if their working assumption is acceptable. Excerpt 3: RAN1 agreements on DL BWP in connected mode [1]

· 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.

Case A: NCD-SSB is present
For a RedCap UE that supports FG 6-1 (BWP operation with restrictions) but not FG 6-1a (BWP operation without restrictions), an NCD-SSB is expected to be present in the DL BWP as per RAN1’s agreement. We do not foresee any specification changes to support the use of NCD-SSB for cell and beam radio link monitoring (BFD/RLM). However, the use of NCD-SSB for RRM requires further discussion, as we need to allow the use of the NCD-SSB as the reference signal for measurements. This can be done by allowing a measurement object to be associated with more than one SSB. As a result, when the RedCap UE operates in a BWP without the CD-SSB, the NCD-SSB can be used for L3 measurements.
Neighbour NR cells are classified as Intra-frequency neighbour cells only if it meets the criteria specified in TS38.300 and TS38.133, as shown in the excerpt below. Excerpt 4: Definition of Intra frequency measurements [6][7]
3GPP TS 38.300 V16.8.0, Section 9.2.4
SSB based intra-frequency measurement: a measurement is defined as an SSB based intra-frequency measurement provided the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs is also the same.
3GPP TS 38.133 V17.3.0, Section 9.2.1
A measurement is defined as a SSB based intra-frequency measurement provided 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 SSBs are also the same.



In case neighbour cells’ CD-SSB is used for measurements, the CD-SSB of ‘intra frequency neighbour cells’ would not align with the NCD-SSB of the serving cell, making them inter-frequency cells that require retuning for measurements. Measurement gaps will be required for monitoring these neighbour cells. Intra-frequency neighbour cells are the most typical candidates for handovers. Requiring measurement gaps to monitor these cells results in a frequent reduction in scheduling efficiency. 
To avoid this scheduling inefficiency, we can leverage the NCD-SSBs of neighbour cells as well. If the network is aware that NCD-SSBs are transmitted by neighbour cells, it could provide the RedCap UE with this information. With planning, the NCD-SSBs of serving and neighbour cells can be aligned (making them ‘intra-frequency measurements’), allowing the UE to monitor neighbour cells using these NCD-SSBs in place of requiring measurement gaps to monitor the CD-SSB of neighbour cells. Similar to the serving cell, the NCD-SSB information of neighbour cells can be signalled to the UE by allowing a measurement object to be associated with more than one SSB.
Of course, this will only work if NCD-SSBs are transmitted on neighbour cells. If not, measurements gaps will have to be configured to enable neighbour cell monitoring. 
Proposal 5: If NCD-SSBs are transmitted in a cell, the NW can include these additional SSBs in a measurement object to inform the UE to use these SSBs for measurements.
Proposal 6: In case the UE operates in a BWP that does not include the CD-SSB, and NCD-SSBs are not transmitted in a neighbour cell, the NW must provide the UE with measurement gaps to monitor CD-SSB of neighbour cells.

Case B: NCD-SSB is absent
We now focus on RAN1’s working assumption on whether the NCD-SSB can be absent, and if CSI-RS can alternatively be used.
· [bookmark: _Hlk92451997]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.
When the UE operates in a BWP that does not include the CD-SSB, we do not foresee any issues with optionally supporting CSI-RS based cell and beam radio link monitoring (e.g. FG 1-7). However, there are issues with supporting CSI-RS based RRM (e.g. FG 1-4) without the transmission of an NCD-SSB. In their LS [8], RAN4 indicated that CSI-RS relies on the presence of SSB signals and cannot be used as a standalone mechanism for RRM. Requirements for CSI-RS based L3 measurements are only defined on the basis that an associated SSB is present and detectable, as shown in the excerpt below.Excerpt 5: CSI-RS based L3 measurement prerequisites
This clause contains general requirements on the UE regarding CSI-RS based measurement reporting in RRC_CONNECTED state. The requirements are split in intra-frequency and inter-frequency measurements requirements.  
The requirements in this clause apply, provided:
-	Only one MO is configured per CSI-RS frequency layer, and
-	all CSI-RS resources in the same MO are configured with the same csi-rs-MeasurementBW, and
-	associatedSSB is configured in CSI-RS-Resource-Mobility and detectable, and
-	all CSI-RS resources in the same MO are configured with the same periodicity, and-	the associated SSB is QCLed with the corresponding CSI-RS resources in FR2, and
-	the number of CSI-RS resources in any duration that equals to the length of a slot is no larger than UE capability maxNumberCSI-RS-RRM-RS-SINR.

If the NCD-SSB is absent, measurement gaps will be required to detect the SSB associated with the CSI-RS, to acquire timing information. However, the use of measurement gaps defeats the purpose of introducing the CSI-RS for measurements, as we can anyways rely on measuring the CD-SSB for RRM purposes in those measurement gaps.
Observation 3: In case the UE operates in a BWP that does not include the CD-SSB, CSI-RS can be used for RLM/BFD measurements
Observation 4: In case the UE operates in a BWP that does not include the CD-SSB and an NCD-SSB is not present in that BWP, CSI-RS cannot be used for RRM measurements as they require an associated detectable SSB.
Proposal 7: Respond to RAN1’s LS indicating that in case a RedCap UE that supports FG 6-1a operates in a BWP that does not include the CD-SSB and an NCD-SSB is not present in that BWP, the UE can support RLM/BFD based on CSI-RS but cannot support CSI-RS based RRM.
3 Conclusion
In this contribution we have the following observations and proposals:
On Idle/Inactive mode operation
Observation 1: There is no RAN2 impact to Idle/Inactive mode procedures (i.e. paging and mobility) for RedCap UEs with the introduction of a separate initial DL BWP which includes the CD-SSB.
Proposal 1: SIB1 is used to indicate a separate initial DL BWP for RedCap UEs.
On RACH and BWP operation
Proposal 2: An Idle/Inactive mode RedCap UE should always use the RedCap-specific initial BWP (if configured) for initial access (i.e. to enter connected mode).
Proposal 3: If RACH is triggered for a RedCap UE and PRACH occasions are not configured for the active UL BWP, a BWP switch to the RedCap-specific initial BWP (if configured) is triggered.
Proposal 4: If the BWP-InactivityTimer expires and a default BWP is not configured, a BWP switch to the RedCap-specific initial BWP (if configured) is triggered.
On measurements
Observation 2: No changes to measurement procedures are foreseen for a connected mode RedCap UE that operates in a BWP that includes the CD-SSB.
Proposal 5: If NCD-SSBs are transmitted in a cell, the NW can include these additional SSBs in a measurement object to inform the UE to use these SSBs for measurements.
Proposal 6: In case the UE operates in a BWP that does not include the CD-SSB, and NCD-SSBs are not transmitted in a neighbour cell, the NW must provide the UE with measurement gaps to monitor CD-SSB of neighbour cells.
Observation 3: In case the UE operates in a BWP that does not include the CD-SSB, CSI-RS can be used for RLM/BFD measurements
Observation 4: In case the UE operates in a BWP that does not include the CD-SSB and an NCD-SSB is not present in that BWP, CSI-RS cannot be used for RRM measurements as they require an associated detectable SSB.
Proposal 7: Respond to RAN1’s LS indicating that in case a RedCap UE that supports FG 6-1a operates in a BWP that does not include the CD-SSB and an NCD-SSB is not present in that BWP, the UE can support RLM/BFD based on CSI-RS but cannot support CSI-RS based RRM.
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