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1. Introduction
Regarding the capability and NCD-SSB design, the agreements have been captured in the WF[1]. In this contribution, we further discuss the NCD-SSB design for RedCap RRM.
2. NCD-SSB design of RedCap RRM
In last meeting, RAN4 agreed some aspects of NCD-SSB design in [1], and we would like to continue discussing on some remaining issues listed in this WF. 
The remaining issue under question 1 was:
	Issue 3-1-3:  RRM measurement on neighbour cell in idle/inactive mode
Option 1: Idle/inactive mobility is only based on measurements on the CD-SSB (RAN agreement)
Option 2: Idle/inactive mobility is feasible based on measurements on both CD-SSB and NCD-SSB.


Regarding the RRM measurement on neighbour cell in idle/inactive mode, since RAN #94e agreed that “slide 2 of RP-213689 is endorsed”,
	Moderator’s proposals for RP-213046 on RedCap Idle mode operation (proposals to be agreed together):
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.


Thus, we propose to adopt option 1: Idle/inactive mobility is only based on measurements on the CD-SSB.
Proposal 1: Idle/inactive mobility is only based on measurements on the CD-SSB.
Regarding RRM measurement on neighbor cell in RRC connected mode, the options in last RAN4 meeting are:
	Issue 3-1-4:  RRM measurement on neighbour cell in connected mode
· Option 1: In connected mode, RRM measurement on neighbour cell is supposed to be performed on CD-SSB.
· Option 2: In connected mode, RRM measurement on neighbour cell can be based on CD-SSB or NCD-SSB.
Issue 3-1-5:  If RRM measurement on neighbour cell can be based on NCD-SSB, what assisted information network can provide to UE
This issue depends on the outcome of issue 3-1-4. 
FFS: The neighbor cell’s NCD-SSB information (frequency/SCS) shall be provided to UE if UE is configured to perform cell identification/measurement on neighbor cell’s NCD-SSB, i.e., UE is not required to read neighbor cell SIB to figure out the neighbor cell’s NCD-SSB by itself.


Regarding the neighbor cell MO, RAN2 had following replies,
	In connected mode, current RRC signalling allows configuring SSB-based RRM measurements on any (CD or NCD) SSB. For RLM, BFD, link recovery, RO selection, mobility, i.e., assuming that here “mobility” refers to the frequency indicated in FrequencyInfoDL in HO command, in TCI-states or for any other functionality (other than RRM measurements), current RRC signalling does not use NCD-SSB, however from signalling standpoint it would be feasible to inform the UE about an NCD-SSB which it shall use instead of the CD-SSB.


For intra-frequency measurement object, we think placing neighbor cell NCD-SSB colliding with serving cell NCD-SSB (they have same SCS) would benefit both UE and network since MG (RF tuning/retuning) is not needed. If different SCS is used for neighbor cell’s NCD SSB and serving cell’s NCD-SSB, it’s a kind of inter-frequency measurement and MG is needed. However, it also requires network to provide the NCD-SSB information (frequency/SCS information) to UE for neighbor cell detection/measurement. If network could not provide such information of neighbor cell’s NCD-SSB to UE, UE can only detect the CD-SSB of neighbor cell with the legacy mechanism and UE is not required to read SIB to figure out the neighbor cell NCD-SSB by itself.
Proposal 2: In connected mode, RRM measurement on neighbour cell can be based on CD-SSB or NCD-SSB.
Proposal 3: The neighbor cell’s NCD-SSB information (frequency/SCS) shall be provided to UE if UE is configured to perform cell identification/measurement on neighbor cell’s NCD-SSB, i.e., UE is not required to read neighbor cell SIB to figure out the neighbor cell’s NCD-SSB by itself.
Regarding the intra-frequency definition, it was discussed as below,
	Issue 3-1-6:  The reference SSB to UE to perform intra-frequency measurement
· Option 1: Network indicates the reference SSB to UE to perform intra-frequency measurements, such as NCD-SSB or CD-SSB.
· Option 2: The reference SSB of serving cell for UE to perform intra-frequency measurements should be CD-SSB.
· Option 3: The reference SSB of serving cell for UE to perform intra-frequency measurements could be CD-SSB or NCD-SSB. No network indication is needed.

Issue 3-1-7:  If RRM measurement on neighbour cell can be based on NCD-SSB, intra-frequency and inter-frequency measurement definition for NCD-SSB
· Option 1: For RedCap UE supporting NCD-SSB measurement, a measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of reference SSB of serving cell (depending on issue 3-1-6) and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same, and the subcarrier spacing of the two SSBs are also the same.
· Option 2: For RedCap UE supporting NCD-SSB measurement, a measurement is defined as a SSB based intra-frequency measurement provided
· the centre frequency of the CD-SSB or NCD-SSB of the serving cell indicated for measurement and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same.
· the subcarrier spacing of the two SSBs are also the same.
· Option 3: RedCap UE’s intra-frequency measurement definition based on the following scenarios:
· 	Case A: Serving cell active BWP with CD-SSB
· 	Case B: Serving cell active BWP with NCD-SSB
· 	Case C: Serving cell active BWP without SSB


Based on the above discussion, if neighbor cell’s NCD-SSB measurement is specified, RAN4 also needs to determine the definition of intra-frequency and inter-frequency measurement. Different from legacy cases, to RedCap UE, there would be two kinds of SSBs from one target cell, and also its serving cell may also have two kinds of SSBs. There might be following scenarios:
1. Serving cell CD-SSB has same SCS and center-frequency as neighbor cell CD-SSB (legacy intra-frequency)
2. Serving cell NCD-SSB has same SCS and center-frequency as neighbor cell CD-SSB (intra-frequency for neighbor cell CD-SSB measurement)
3. Serving cell CD-SSB has same SCS and center-frequency as neighbor cell NCD-SSB (intra-frequency for neighbor cell NCD-SSB measurement)
4. Serving cell NCD-SSB has same SCS and center-frequency as neighbor cell NCD-SSB (intra-frequency for neighbor cell NCD-SSB measurement)
For RedCap UE supporting NCD-SSB measurement, a measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the CD-SSB or NCD-SSB of the serving cell indicated for measurement and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same, and the subcarrier spacing of the two SSBs are also the same.
The serving cell MO (servingCellMO: This field is mandatory present for the SpCell if the UE has a measConfig, and it is optionally present, Need M, for SCells) is configured by network, and in such MO network could configure UE to perform measurement on either CD-SSB or NCD-SSB. There is no need to additionally indicate which is the reference SSB for intra-frequency measurement.
Proposal 4: The reference SSB of serving cell for UE to perform intra-frequency measurements could be CD-SSB or NCD-SSB in corresponding serving cell MO. No extra network indication is needed.
Based on proposal 4, we think option 2 in issue 3-1-7 is more accurate.
Proposal 5: For RedCap UE supporting NCD-SSB measurement, a measurement is defined as a SSB based intra-frequency measurement provided:
· the centre frequency of the CD-SSB or NCD-SSB of the serving cell indicated for measurement and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same, and
· the subcarrier spacing of the two SSBs are also the same.
The other measurement related issues are as below,
	Issue 3-1-8:  Serving cell measurement when both CD-SSB and NCD-SSB measurements are configured to the UE 
· Option 1: If both CD-SSB and NCD-SSB measurement are configured to RedCap UE but both of them need MG, UE could choose to perform CD-SSB measurement only.
· Option 2: If both CD-SSB and NCD-SSB measurement are configured to RedCap UE, UE should perform the measurements for both SSB based on NW’s configuration.
· Option 3: If both CD-SSB and NCD-SSB measurement are configured to RedCap UE, UE should perform serving cell measurements based on SSB with active BWP.

Issue 3-1-9:  If RRM measurement on neighbour cell can be based on NCD-SSB, neighbour cell measurement when both CD-SSB and NCD-SSB measurements are configured to the UE 
This issue depends on the outcome of issue 3-1-4. 
FFS: When NW configures MOs with both CD-SSB and NCD-SSB measurements, UE should follow NW’s configuration to perform measurements.


If both CD-SSB and NCD-SSB measurements are configured to the UE, UE needs to determine which one shall be taken rather than doing measurement on both. If MG is needed for both CD-SSB and NCD-SSB measurement, there is no benefit to use NCD-SSB to avoid RF tuning/retuning and therefore in this case UE could choose to use CD-SSB for measurement.
Proposal 6: if both CD-SSB and NCD-SSB measurement are configured to RedCap UE for serving cell but both of them need MG, UE could choose to perform CD-SSB measurement only.
Regarding issue 3-1-9, when both CD-SSB and NCD-SSB measurements are configured to the UE for neighbor cell measurement, we think UE shall follow the network configurations since it’s not much possible for UE to get the system information of neighbor cell to understand the CD-SSB and NCD-SSB configurations.
Proposal 7: When NW configures MOs with both CD-SSB and NCD-SSB measurements on neighbor cell, UE should follow NW’s configuration to perform measurements.
Regarding the NCD-SSB configuration, the open issues are:
	Issue 3-1-6:  NCD-SSB index
· Option 1: ssb-PositionsInBurst for NCD-SSB could be a subset or equal-set of ssb-PositionsInBurst for CD-SSB from the same serving cell. 
· Option 2: No change wrt to legacy NR, i.e. up to NW implementation 
Issue 3-1-10:  NCD-SSB: frequency locations 
· Option 1: NCD-SSB should be configured off sync raster. 
· Option 2: No change wrt to legacy NR, i.e. up to NW implementation 
Issue 3-1-11:  NCD-SSB: time domain locations
· Option 1: NCD-SSBs and CD-SSB from the same serving cell shall be transmitted in different half-frames when NCD-SSB and CD-SSB are contained in the same SFN. 
· Option 2: No change wrt to legacy NR, i.e. up to NW implementation 
Issue 3-1-11:  NCD-SSB periodicity
· Option 1: The UE may retune to receive CD-SSB when the periodicity of NCD-SSB is larger than CD-SSB periodicity. 
· Option 2: More clarification on the scenario and FFS 
· Option 3: up to UE implementation


In last RAN2 meeting, there was some agreement from RAN2 that,
Agreements via email - from offline 106:
1. 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.
2. 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.
3. 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. 
4. RedCap-specific two-step RACH, if configured, and four-step RACH are always configured in the same BWP.
5. In RRC connected mode NCD-SSB may be configured for a RedCap UE in dedicated DL BWP.
6. 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.
7. 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.
8. 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.
Regarding the SSB index, we think the ideal case is NCD-SSB shares the same ssb-PositionsInBurst as CD-SSB from the same serving cell, however, in order to consider the network implementation flexibility, we could also agree that NCD-SSB transmission could be a subset of ssb-PositionsInBurst of CD-SSB. Another reason to propose it is: normally, CD-SSB shall be a full set of timing/beam information of a cell compared with NCD-SSB. RAN1 agreed that “Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB”, and here we could also define the NCD-SSB has the equivalent or less SSBs transmitted in such bitmap “ssb-PositionsInBurst”. Also based on the above RAN2 agreement, we propose that,
Proposal 8: ssb-PositionsInBurst for NCD-SSB could be a equal-set of ssb-PositionsInBurst for CD-SSB from the same serving cell.
Since the NCD-SSB is introduced only for RedCap UE, we don’t think legacy UE is allowed to detect it, or at least NCD-SSB shall not be an option of cell blind detection in initial access. Thus, NCD-SSB should be configured off sync raster.
Proposal 9: NCD-SSB should be configured off sync raster.
Another discussion is about the half frame index for CD-SSB and NCD-SSB. If NCD-SSB and CD-SSB from same serving cell share the same time offset but have different periodicity, on some of the time occasions NCD-SSB and CD-SSB would be contained in the same SFN. In last meeting, some companies had concern on the power limitation at network side if NCD-SSB and CD-SSB are transmitted on same symbols (same half frame). So, we think NCD-SSB and CD-SSB could be contained in the same SFN but different half frame and it would be also easy for UE to locate the NCD-SSB position when completing the CD-SSB synchronization.
Proposal 10: NCD-SSBs and CD-SSB from the same serving cell shall be transmitted in different half-frames when NCD-SSB and CD-SSB are contained in the same SFN.
Regarding the NCD-SSB periodicity, RAN2 agreed that it could be same as corresponding CD-SSB. Previously RAN4 agreed that periodicity of NCD-SSB shall be not less than periodicity of CD-SSB. So, we propose:
Proposal 11: RAN4 to assume that periodicity of NCD-SSB is same as periodicity of corresponding CD-SSB from the same cell.
3. Conclusion
In this contribution, we further discuss the capability and NCD-SSB design for RedCap RRM.
Proposal 1: Idle/inactive mobility is only based on measurements on the CD-SSB.
Proposal 2: In connected mode, RRM measurement on neighbour cell can be based on CD-SSB or NCD-SSB.
Proposal 3: The neighbor cell’s NCD-SSB information (frequency/SCS) shall be provided to UE if UE is configured to perform cell identification/measurement on neighbor cell’s NCD-SSB, i.e., UE is not required to read neighbor cell SIB to figure out the neighbor cell’s NCD-SSB by itself.
Proposal 4: The reference SSB of serving cell for UE to perform intra-frequency measurements could be CD-SSB or NCD-SSB in corresponding serving cell MO. No extra network indication is needed.
Proposal 5: For RedCap UE supporting NCD-SSB measurement, a measurement is defined as a SSB based intra-frequency measurement provided:
· the centre frequency of the CD-SSB or NCD-SSB of the serving cell indicated for measurement and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same, and
· the subcarrier spacing of the two SSBs are also the same.
Proposal 6: if both CD-SSB and NCD-SSB measurement are configured to RedCap UE for serving cell but both of them need MG, UE could choose to perform CD-SSB measurement only.
Proposal 7: When NW configures MOs with both CD-SSB and NCD-SSB measurements on neighbor cell, UE should follow NW’s configuration to perform measurements.
Proposal 8: ssb-PositionsInBurst for NCD-SSB could be a equal-set of ssb-PositionsInBurst for CD-SSB from the same serving cell.
Proposal 9: NCD-SSB should be configured off sync raster.
Proposal 10: NCD-SSBs and CD-SSB from the same serving cell shall be transmitted in different half-frames when NCD-SSB and CD-SSB are contained in the same SFN.
Proposal 11: RAN4 to assume that periodicity of NCD-SSB is same as periodicity of corresponding CD-SSB from the same cell.
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