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1 Introduction
In last meeting, there are a lot of discussions on NCD-SSB related issue and a list of agreements are achieved in  RAN2#116bis-e and RAN2#117-e [1]. This paper aims the left issues on the topic of NCD-SSB and some questions from RAN4, and provides our views on NCD-SSB based measurement and handover issue.
	RAN#116bis-e agreements:
· If a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH, measurements are based on CD-SSB for initial RACH resource selection.

·  
If a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH, PDCCH-ConfigCommon of the separate initial DL BWP includes common search space configuration for RAR.

·  From RAN2 perspective, if a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH, it is up to UE implementation to perform new RSRP measurement in a DL BWP associated with CD-SSB before Msg1/A retransmission. 

·  
RedCap-specific two-step RACH, if configured, and four-step RACH are always configured in the same BWP.

·  
In RRC connected mode NCD-SSB may be configured for a RedCap UE in dedicated DL BWP.

·  
For connected mode operation NCD-SSB has the same properties (e.g., ssb-PositionsInBurst, PCI, ssb-periodicity, ssb-PBCH-BlockPower) as the corresponding CD-SSB. FFS if an additional property needs to be specified.

·  
For connected mode operation if NCD-SSB is configured in a dedicated DL BWP, RedCap UE assumes that “SSB” in QCL-Info IE and “ssb-Index” in RadioLinkMonitoringRS IE refer to the beam with the same index in the NCD-SSB configured in that BWP.

·  
For connected mode operation if NCD-SSB is configured in a dedicated DL BWP whose paired UL BWP is configured with RACH-ConfigDedicated, RACH-ConfigCommon or BeamFailureRecovery Config, SSB in that RACH configuration (e.g., in CFRA-SSB-Resource IE or in PRACH-ResourceDedicatedBFR IE) refers to the NCD-SSB configured in that DL BWP.

·  The network may provide absoluteFrequencySSB and ssb-periodicity explicitly for NCD-SSB, i.e., other properties such as PCI, ssb-PBCH-BlockPower, ssb-PositionsInBurst are configured with the same values from serving cell's CD-SSB. FFS for the time offset (feedback from RAN1 might also be received)

·  
Send a reply LS to RAN1 (cc: RAN4) indicating that "The use of CSI-RS for cell/beam RLM and measurements is supported from RAN2 signaling standpoint as indicated earlier. RAN4 has informed RAN2 and RAN1 that CSI-RS cannot be used as a standalone mechanism for RRM measurements and existing requirements rely on the presence of SSB signals. RAN2 does not intend to introduce a new mechanism that would enable a RedCap UE to perform CSI-RS based RRM measurements and think that it is up to RAN4 to decide whether RAN1 working assumption regarding the use of CSI-RS in connected mode is acceptable based on the information provided above."

·  
Send a LS to RAN4 (Cc: RAN1) to inform that "it is up to UE implementation to perform new RSRP measurement in a DL BWP associated with CD-SSB before Msg1/A retransmission if a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH." and ask them to check if they need to do anything in their specs.

· Working Assumption: 

The periodicity of NCD-SSB shall be not less than the periodicity of serving cell’s CD-SSB


	RAN#117-e agreements:
· RAN2 confirms that it is up to network implementation, but it is expected that the network configures a MO on the NCD-SSB frequency if it wants the UE to use it only for serving cell measurements when some neighbor cells do not send an SSB on UE’s NCD-SSB frequency.

· For neighbour cell measurements, it is up to network to configure MO on CD-SSB or NCD-SSB or both (same in legacy, no spec impact)

· servingCellMO is configured to the MO on the CD-SSB when RedCap specific BWP of a UE contains neither CD-SSB nor NCD-SSB.

· A RedCap UE may be configured with multiple NCD-SSBs, but only one per BWP (FFS on what "only one per BWP" means).

· The working assumption “The periodicity of NCD-SSB shall be not less than the periodicity of serving cell’s CD-SSB.” is confirmed.

· NCD-SSB should not be indicated in the handover command, i.e., network sets ServingCellConfigCommon => downlinkConfigCommon => frequencyInfoDL => absoluteFrequencySSB to the frequency of the CD-SSB (not the NCD-SSB)

· The discussion on whether a non-RedCap UE should be able to use NCD-SSB instead of CD-SSB is deprioritized in Rel-17.
· A RedCap UE may be configured with multiple NCD-SSBs provided that each BWP is configured with at most one SSB

· Send a LS to RAN4/RAN1 saying that from RAN2 signaling standpoint CD-SSB and NCD-SSB(s) may be transmitted at different times by configuring an offset and asking if this is feasible/needed

· The network may configure a dedicated BWP associated with NCD-SSB in an RRCReconfiguration which includes reconfigurationWithSync.
· RAN2 confirms that SIB1 can be provided via dedicated signaling to a RedCap UE in an active DL BWP that does not contain CD-SSB after an handover in which dedicatedSIB1-Delivery IE is not included in the handover command.



2 Discussion
2.1 RAN4 LS related intra-frequncy definition

In R4-22071041, RAN4 has asked some questions related to measurement based on NCD-SSB as below. 

· Is it possible to configure CD-SSB and/or multiple NCD-SSB(s) for serving cell measurements?
· If yes, is it feasible from RAN2’s signalling design perspective to explicitly indicate which SSB is the reference SSB to define intra-frequency measurement?
For the first question, as agreed in RAN2#117-e, it is up to NW implementation to configure a MO on the NCD-SSB frequency for serving cell measurements. Besides, CD-SSB in servingCellMO is already supported for serving cell measurements in legacy. Either NCD-SSB or CD-SSB can be used to evaluate the quality of serving cell. There is no need for UE to perform measurements based on both CD-SSB and NCD-SSB. Thus we can get a conclusion that it is possible to configure CD-SSB or NCD-SSB for serving cell measurements. 
Regarding the second question, from RAN 2 signalling point of view, it is feasible to configure which SSB is the reference SSB to define intra-frequency measurement explicitly. Here are some possible options can be selected to solve this issue: 
Option 1: Add new field/flag in MeasObjectNR to indicate whether its ssbFrequency is the reference SSB.

Option 2: Use servingCellMO to indicate the reference SSB (i.e. the ssbFrequency of servingCellMO is the reference SSB), and allow the ssbFrequency of servingCellMO to be configured as either CD-SSB or NCD-SSB.
In option1, when NW configure CD-SSB/NCD-SSB within a MO, it can add the reference SSB indication of intra-frequency directly. It is a simple and clear way to indicate the reference SSB. While for the option 2, it is more implicit to indicate the reference SSB by reusing the legacy field servingCellMO. And it also needs to change the definition of this field for RedCap UE if NCD-SSB/CD-SSB in servingCellMO is supported, since the servingCellMO is only used to configure a CD-SSB for serving cell measurement for NR UE.  
Proposal 1: RAN2 support the signalling to explicitly indicate which SSB is the reference SSB to define intra-frequency measurement, with below candidates:

Option 1: Add new filed/flag in MeasObjectNR to indicate whether its ssbFrequency is the reference SSB.

Option 2: Use existing servingCellMO to indicate the reference SSB (i.e. the ssbFrequency of servingCellMO is the reference SSB), and allow the ssbFrequency of servingCellMO to be configured as either CD-SSB or NCD-SSB.
2.2 Serving cell MO configuration
As discussed previously, UE is not needed to perform measurements based on both CD-SSB and NCD-SSB, only one measurement result for the serving cell is sufficient. Thus a measurement rule shall be defined, that is, UE’s serving cell measurement object is the ssbFrequency associated with the SSB of its active BWP, the SSB can be CD-SSB or NCD-SSB. So even the UE switches among the BWPs, UE only perform measurement according to the active BWP related SSB. Then UE will not need to retune to CD-SSB to perform measurements when UE is served by a BWP with NCD-SSB. It is power-efficient for RedCap UEs implementation. Also, after BWP switching, UE is not expected to be reconfigured with the new MO for the SSB associated with its active BWP, which cause large latency to wait for the RRC reconfiguration. Instead, RedCap UE should consider the serving cell MO as the ssbFrequency associated with the NCD-SSB of its active BWP.

Even if one NCD-SSB is configured to RedCap UE, UE should also be pre-configured with the MO of its NCD-SSB, considering the case UE perform BWP switching from the one with CD-SSB to the one with NCD-SSB. In such case, waiting for RRC reconfiguration to provide the new MO for NCD-SSB is not sensible from latency perspective, e.g. in DCI based BWP switching case.
Proposal 2a: For serving cell measurement based on NCD-SSB, UE changes the serving cell measurement object upon BWP switching, i.e. UE performs serving cell measurement on the NCD-SSB of its active BWP.
If proposal 2a is agreed, how to implement MO fast changing is another important issue. Since BWP switching indicated by DCI is dynamic, it is not appropriate to wait for such a long time to receive the new MO configuration carried by RRC reconfiguration message. It may lead to frequent signaling exchanging. Additionally, RLF may happen due to the delayed measurement and handover. So it is important to take some actions to solve this problem. Here are some candidates to address this issue:
Option 1: Add servingCellMO-List-NCD-r17 in ServingCellConfig, with the list of MeasObjectId to configure MOs for NCD-SSBs as the serving cell MO list.

Option 2: Add “servingCellMO-NCD-r17   MeasObjectId” per DL active BWP with NCD-SSB.

Option 3: No new signalling, i.e. UE uses the MO configurations provided by the legacy servingCellMO (shared for CD-SSB and NCD-SSB), but considers absoluteFrequencySSB-r17 in NonCellDefiningSSB-r17 of its DL active BWP as the measurement object. 
For option1, servingCellMO-List-NCD-r17 is as a kind of extension of current servingCellMO to support NCD-SSB based measurement. By this way, RedCap UE can get all the MOs used for serving cell measurement through the configuration of servingCellMO and servingCellMO-List-NCD-r17. NW can provide flexible configurations for the MO with NCD-SSB, which can be different from the MO with CD-SSB. RedCap UE can determine which MO is the current serving cell MO from this configuration according to its active BWP (i.e. the MO with the CD-SSB/NCD-SSB included in the active BWP). 
Option 2 is to configure one MeasObjectId for each BWP which contains NCD-SSB. It indicates clearly which MO is used as servingCellMO for a certain BWP which has a SSB in it. 
Option 3 is related to the content discussed in Section 2.1. It means that both CD-SSB and NCD-SSB share the same configuration in the MO configured by servingCellMO, but the SSB within servingCellMO is changeable according to its active BWP. RedCap UEs get the reference SSB and the measurement configuration from the servingCellMO, and then the SSB frequency can be substituted by the SSB within the active BWP if different from the one in servingCellMO. 
It should be noted that for the BWP not overlapping any SSB or configured with CD-SSB, UE can use the legacy servingCellMO containing CD-SSB for L3 measurement. It is applicable for all the 3 options as a supplement.
Proposal 2b: RAN2 to configure the serving cell MO for RedCap UE with NCD-SSB, with below candidates:

Option 1: Add servingCellMO-List-NCD-r17 in ServingCellConfig, with the list of MeasObjectId as the serving cell MO list, to configure MOs for NCD-SSBs.

Option 2: Add “servingCellMO-NCD-r17   MeasObjectId” per active DL BWP associated with NCD-SSB.

Option 3: No new signaling, i.e. UE uses the MO configurations provided by the legacy servingCellMO (shared for CD-SSB and NCD-SSB), but considers the absoluteFrequencySSB-r17 in NonCellDefiningSSB-r17 of its DL active BWP as the measurement object.
2.3 Measurment operations for serving cell and neighbor cell.
When the active BWP is changed for RedCap UE, not only the MO for serving cell needs to change, but also the MO for “intra-frequency” neighbour cell needs to be adjusted, here the “intra-frequency” means the neighbour cell can be performed measurement without gap. When RedCap UE’s active BWP is changing, the active BWP associated SSB is changing accordingly. As previous discussed, when UE switches to the BWP associated with NCD-SSB from other BWP (e.g. the BWP configured with CD-SSB), the serving cell measurement evaluation should be adjusted to use NCD-SSB. Similarly, to realize the no gap measurement for “intra-frequency” neighbour cell, it is necessary to introduce enhanced neighbour cell measurement mechanism. This issue can be analysed in different cases. 
· Case 1: When UE is on the DL BWP with CD-SSB:
When UE receives both the MO with CD-SSB and the MO(s) with NCD-SSB, and UE is served by BWP including the CD-SSB, the UE only needs to perform the measurement on the MO of CD-SSB (for both serving and “intra-frequency” neighbor cell measurement) as legacy. In this case, UE is not required to perform the measurement on the MO of NCD-SSBs of its serving cell or neighbor cell of this NCD-SSB. 
Proposal 3a: When RedCap UE is on the DL BWP with CD-SSB:

- UE only performs the measurement on the measurement object associated with CD-SSB (for both serving and neighbor cell measurement);

- UE does not perform the measurement on the measurement object associated with the NCD-SSBs configured to its serving cell. 
· Case 2: When UE is on the DL BWP with NCD-SSB:

According to the same measurement mechanism, when RedCap UE is on the DL BWP with NCD-SSB, the UE only need to perform the measurement on the MO of NCD-SSB in its active DL BWP for both serving cell and the neighbor cell at same frequency. Besides, UE is not to perform the measurement on the MO of NCD-SSBs other than its active DL BWP of its serving cell. Considering some neighbor cells may not send an SSB on UE’s NCD-SSB frequency of its active BWP, NW may send an indication to ask the RedCap UE to perform measurements on the MO of CD-SSB, in order to not miss any neighbor cell. This indication can be configured in the DL dedicated BWP configuration, to indicate to UE whether additional measurement on NCD-SSB is required. 
Proposal 3b: When RedCap UE is on the DL BWP with NCD-SSB: 
- UE at least performs the measurement on the measurement object associated with NCD-SSB in its active DL BWP, if configured (for both serving and potential neighbor cell measurement);

- UE does not perform the measurement on the measurement object associated with other NCD-SSBs, which is configured to its serving cell but is not on its active DL BWP.

- UE may in addition perform the measurement on the measurement object associated with CD-SSB, based on the NW indication, which is a 1bit indication per DL BWP.
· Case 3: When RedCap UE is on the DL BWP without any SSBs (NCD-SSB/CD-SSB):

When a RedCap UE is on a BWP which does not contain any SSBs, the UE should perform the measurements only based on the MO with CD-SSB for both serving cell and neighbor cell at the frequency of CD-SSB. RedCap UE use the same measurement operations as legacy due to the same scenario. 
Proposal 3c: When UE is on the DL BWP without any SSBs:

- UE only performs the measurement on the measurement object associated with CD-SSB (for both serving and neighbor cell measurement);

- UE does not perform the measurement on the measurement object associated with the NCD-SSBs configured its serving cell. 

2.4 HO directly to NCD-SSB and related R4 LS
In the LS, RAN4 also has some questions related to HO case. Regarding the HO topic, RAN2 has already got some conclusions. 
	R4-22071041:

Are the following Handover scenarios valid from RAN2’s perspective?

a)
Handover to a target cell’s specific Redcap BWP associated with NCD-SSB directly other than to the initial BWP associated with CD-SSB 

b)
Handover to a target cell’s initial BWP and further switch to the specific Redcap BWP to send the RACH

· the specific Redcap BWP associated with NCD-SSB

· the specific Redcap BWP without presence of NCD-SSB


Observation 1: RAN2 agreement :“NCD-SSB should not be indicated in the handover command, i.e., network sets ServingCellConfigCommon => downlinkConfigCommon => frequencyInfoDL => absoluteFrequencySSB to the frequency of the CD-SSB (not the NCD-SSB)” seems already to exclude the HO direct to NCD-SSB.
It is agreed that absoluteFrequencySSB in frequencyInfoDL should be the frequency of the CD-SSB. It means that the DL synchronization should be based on the CD-SSB not the NCD-SSB. Considering the question raised by RAN4, we can review the conclusion further and see whether to support handover to a BWP associated with NCD-SSB directly. Since NCD-SSB has the same properties (e.g., ssb-PositionsInBurst, PCI, ssb-PBCH-BlockPower) as the corresponding CD-SSB, and “SSB” in QCL-Info IE and “ssb-Index” in RadioLinkMonitoringRS IE refer to the beam with the same index in the NCD-SSB, it seems NCD-SSB can be used for DL synchronization technically. 
Observation 2: There seems blocking issue on UE directly performing DL sync to the NCD-SSB technically.
Considering the limited time budget and the current agreement can also ensure the handover procedure working normally, we propose:
Proposal 4: It is better for RAN2 not to revert the agreement after stage3 completion by re-opening the discussion on whether to allow handover RedCap UE to a target cell’s Redcap specific BWP associated with NCD-SSB directly other than to the initial BWP associated with CD-SSB.
When a NR UE receives the handover command, it performs the DL synchronization based on the CD-SSB first. Then it performs RACH procedure on the BWP indicated by firstActiveUplinkBWP regardless whether the BWP includes CD-SSB or not. For RedCap UE, the same method can be reused without any restriction. So we propose RAN2 confirm it is allowed to handover RedCap UE to a target cell’s initial BWP with CD-SSB and further switch to the Redcap specific BWP for RACH, regardless the RedCap specific BWP associated with/without NCD-SSB.
Proposal 5: RAN2 confirm it is allowed to handover RedCap UE to a target cell’s initial BWP with CD-SSB and further switch to the Redcap specific BWP for RACH, regardless the RedCap specific BWP associated with/without NCD-SSB.
In last RAN2 meeting, we have discussed the SIB1 delivery issue and agreed that SIB1 can be provided via dedicated signalling to a RedCap UE in an active DL BWP that does not contain CD-SSB after handover if dedicatedSIB1-Delivery IE is not included in the handover command. It just gives a way of transferring SIB1 when UE does not have a valid one, but not a mandatory action. Since RAN 4 has defined a requirement about the interruption time during handover in the 38.133 as shown in the following. 
6.1.1.2.2
Interruption time
The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.

When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt

Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
To meet the requirement, UE needs to perform RA immediately after DL sync. There may be no time to obtain SIB1 on CD-SSB if the active DL BWP does not contain CD-SSB. So we propose that NW should ensure RedCap having SIB1 of target cell in case RedCap performs the RACH of HO in RedCap specific BWP without CD-SSB. 
Proposal 6: NW should ensure the RedCap UE having SIB1 of target cell, in case RedCap UE performs the RACH of HO in the RedCap specific BWP without CD-SSB (e.g. NW provides SIB1 either in HO command or via the later dedicated RRC signalling). 
3 Conclusion

In this contribution, we discussed NCD-SSB related issues for RedCap UE. Corresponding observations and proposals are listed as below:

Observation 1: RAN2 agreement :“NCD-SSB should not be indicated in the handover command, i.e., network sets ServingCellConfigCommon => downlinkConfigCommon => frequencyInfoDL => absoluteFrequencySSB to the frequency of the CD-SSB (not the NCD-SSB)” seems already to exclude the HO direct to NCD-SSB.
Observation 2: There seems blocking issue on UE directly performing DL sync to the NCD-SSB technically.
Proposal 1: RAN2 support the signalling to explicitly indicate which SSB is the reference SSB to define intra-frequency measurement, with below candidates:

Option 1: Add new filed/flag in MeasObjectNR to indicate whether its ssbFrequency is the reference SSB.

Option 2: Use existing servingCellMO to indicate the reference SSB (i.e. the ssbFrequency of servingCellMO is the reference SSB), and allow the ssbFrequency of servingCellMO to be configured as either CD-SSB or NCD-SSB.
Proposal 2a: For serving cell measurement based on NCD-SSB, UE changes the serving cell measurement object upon BWP switching, i.e. UE performs serving cell measurement on the NCD-SSB of its active BWP.
Proposal 2b: RAN2 to configure the serving cell MO for RedCap UE with NCD-SSB, with below candidates:

Option 1: Add servingCellMO-List-NCD-r17 in ServingCellConfig, with the list of MeasObjectId as the serving cell MO list, to configure MOs for NCD-SSBs.

Option 2: Add “servingCellMO-NCD-r17   MeasObjectId” per active DL BWP associated with NCD-SSB.

Option 3: No new signaling, i.e. UE uses the MO configurations provided by the legacy servingCellMO (shared for CD-SSB and NCD-SSB), but considers the absoluteFrequencySSB-r17 in NonCellDefiningSSB-r17 of its DL active BWP as the measurement object.

Proposal 3a: When RedCap UE is on the DL BWP with CD-SSB:

- UE only performs the measurement on the measurement object associated with CD-SSB (for both serving and neighbor cell measurement);

- UE does not perform the measurement on the measurement object associated with the NCD-SSBs configured to its serving cell. 

Proposal 3b: When RedCap UE is on the DL BWP with NCD-SSB: 
- UE at least performs the measurement on the measurement object associated with NCD-SSB in its active DL BWP, if configured (for both serving and potential neighbor cell measurement);

- UE does not perform the measurement on the measurement object associated with other NCD-SSBs, which is configured to its serving cell but is not on its active DL BWP.

- UE may in addition perform the measurement on the measurement object associated with CD-SSB, based on the NW indication, which is a 1bit indication per DL BWP.
Proposal 3c: When UE is on the DL BWP without any SSBs:

- UE only performs the measurement on the measurement object associated with CD-SSB (for both serving and neighbor cell measurement);

- UE does not perform the measurement on the measurement object associated with the NCD-SSBs configured its serving cell. 

Proposal 4: It is better for RAN2 not to revert the agreement after stage3 completion by re-opening the discussion on whether to allow handover RedCap UE to a target cell’s Redcap specific BWP associated with NCD-SSB directly other than to the initial BWP associated with CD-SSB.
Proposal 5: RAN2 confirm it is allowed to handover RedCap UE to a target cell’s initial BWP with CD-SSB and further switch to the Redcap specific BWP for RACH, regardless the RedCap specific BWP associated with/without NCD-SSB.
Proposal 6: NW should ensure the RedCap UE having SIB1 of target cell, in case RedCap UE performs the RACH of HO in the RedCap specific BWP without CD-SSB (e.g. NW provides SIB1 either in HO command or via the later dedicated RRC signalling). 
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