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[bookmark: _Hlk22834419]In RAN1 #106bis-e, the following agreements were made for bandwidth reduction techniques for RedCap UE:
	Agreement: 
Confirm the working assumption:
· In case a separate initial UL BWP is configured for RedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs.
· The frequency hopping is enabled/disabled at least via SIB.
Agreement
· 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
· FFS whether part of the configuration is implicitly signaled
Working Assumption
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· Working assumption: It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL 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.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included
Agreement
· Send an LS to RAN2 and RAN4 to ask about using NCD-SSB instead of CD-SSB 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.
· Draft the LS until Tuesday 19th October.
· Indicate in the LS that a response is needed before RAN1#107-e.
· Indicate in the LS both option 1 and option 2
Agreement
· FFS: What specification changes (if any) are needed to support that the network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap
· FFS: Whether any specification changes are needed and desired in order to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.

Agreement
With below revision, draft R1-2110599 is endorsed in principle
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. Remove the blue part of questions
1. [RAN2/4] if neither NCD-SSB nor CD-SSB is not transmitted in the initial/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 initial/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, for idle/inactive/connected mode
Final LS R1-2110600 is endorsed
Agreement
For FR1,
· For TDD, center frequencies are assumed to be the same for the initial DL (FFS: if it does not include CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
· FFS: For Option 1 and Option 2, whether the case that the center frequencies are different is also supported, and whether RedCap UE can expect CD-SSB and CORESET#0 in this case
· For TDD, center frequencies are assumed to be the same for non-initial DL and UL BWPs with the same BWP id for a RedCap UE.


This contribution discusses the support of RedCap UE with bandwidth reduction. 
Discussion on bandwidth reduction
Measurements in Separate DL BWP for RedCap UE
Based on GTW discussion, two options are converged as below for further down selection after receiving LS from Ran2/4.
	For FR1, select one of the 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 NOT configured for random access only paging, 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.



Regarding NCD-SSB based measurement LS sent to RAN2, the following observations were in RAN2 #116e meeting: 
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 commmand), 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. 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 signaling standpoint.

Besides, the following agreements were made in RAN 4 #101e for the LS on NCD-SSB: 
· Agreements
· 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
· FFS for specific conditions when it is feasible to use NCD-SSB
· It is RAN4 understanding that NCD-SSB measurements support may require additional signalling which is up to RAN2
Some detailed discussions are provided for Option 1 and Option 2, especially on SSB transmission on separate initial DL BWP for RedCap UE. 

Currently, configurations for cell selection/re-selection are configured in SI (e.g. SIB4/SIB11). In order to support NCD-SSB based RRM measurement, SI may need to extend to support configurations for NCD-SSB if parameters are different with CD-SSB. 
Besides, the potential performance difference between NCD-SSB based measurement and CD-SSB based measurement due to the channel different (e.g., different inter-cell interference) may bring issues for cell selection/re-selection. For example, the measurement result of CD-SSB may be higher than the threshold while the measurement result of NCD-SSB may be lower than the threshold for camp on the cell. In another example, if RedCap UE is configured to measure CD-SSB of neighboring cell, but after cell re-selection is triggered, it is configured to measure NCD-SSB after access the target cell, then UE may be perform cell re-selection again (or handover) if NCD-SSB measurement result has bad performance.
According to RAN2 observation 1/2 above, to perform cell re-selection, UE will have to re-tune to CD-SSB to read SIB1/OSI using the CORESET#0 of the target cell. Besides there is no existing NCD-SSB based measurement procedure for idle/inactive UE in RAN2. 
The motivation to support/configure NCD-SSB in idle/inactive mode is to reduce UE retuning to separate initial DL BWP for paging reception (if configured). That is, UE is expected to use NCD-SSB for idle/inactive mode measurement and then to receive for paging on the same DL BWP. However, as analysis above, it might cause some issues to use both NCD-SSB and CD-SSB for idle/inactive mode, and RF retuning cannot be avoided for cell re-selection. On the other hand, with current defaultPagingCycle range rf32~rf256, the RF retuning is not very frequent and is not expected to have big impact on UE power consumption or complexity.
Observation #1: To support NCD-SSB based measurement in RRC idle/inactive mode, it requires significant RAN 2 specification changes.
Observation #2: Performance difference between NCD-SSB based measurement and CD-SSB based measurement may bring issues for cell selection/re-selection.
Observation #3: If support NCD-SSB based measurement in RRC idle/inactive mode, UE still need to retune to CORESET#0 during cell reselection.
Observation #4: RF retuning for paging in separate BWP is not very frequent and it not expect to have big impact on UE power consumption or complexity. 
Based the above analysis and observations, we suggest to not support NCD-SSB in idle/inactive mode. 
Proposal #1: NCD-SSB is not used for idle/inactive mode measurement. 

Current spec support NCD-SSB for RRM in connected mode. In order to avoid RF retuning for (CD or NCD) SSB based RRM, the SSB needs to be transmitted in DL BWP. From gNB point of view, it requires multiple NCD-SSB transmission if RedCap UEs are offloaded to different frequency range, i.e., in each DL BWP for RedCap UEs. Moreover, in order to support NCD-SSB based intra-frequency neighbour (cell) measurement, all the SSBs shall be transmitted in the same frequency. Therefore, the increase of overhead is not only the NCD-SSB for serving cell as well as for neighbour cells. Moreover, this will increase deployment cost, i.e., not only to align CD-SSB for each cell, but also need to coordinate NCD-SSBs, including the potential interference management. On the other hands, due to the limited UE RF bandwidth, the inter-frequency neighbour cell measurement may increase a lot comparing with non-RedCap UE in the same cell. The RF retuning may not be easy to be avoid. 
Observation #5: The support of intra-frequency RRM to avoid RF retuning for RedCap UEs will significantly increase the system overhead and increasing the deployment cost. 

On the other hand, as describe in TS38.300, CSI-RS based RLM and BFD are supported since Rel-15. 

In RRC_CONNECTED, the UE performs Radio Link Monitoring (RLM) in the active BWP based on reference signals (SSB/CSI-RS) and signal quality thresholds configured by the network. SSB-based RLM is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWP and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, RLM can only be performed based on CSI-RS. In case of DAPS handover, the UE continues the RLM at the source cell until the successful completion of the random access procedure to the target cell.

For beam failure detection, the gNB configures the UE with beam failure detection reference signals (SSB or CSI-RS) and the UE declares beam failure when the number of beam failure instance indications from the physical layer reaches a configured threshold before a configured timer expires.
SSB-based Beam Failure Detection is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, Beam Failure Detection can only be performed based on CSI-RS.

Moreover, CSI-RS based RLM is a mandatory feature with capability signaling, as well as for BFD for FR2. There is no need for any specification change to support CSI-RS based RLM/BFD in connected mode. Moreover, since the bandwidth and periodicity of CSI-RS is configurable, it provide more flexibility and potential better performance than NCD-SSB. 
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Observation #6: CSI-RS based RLM/BFD is mandatory supported by NR UE, and no specification change is needed for RedCap UE to use CSI-RS based RLM/BFD.  
For RedCap UE, it is more reasonable to require RedCap UE support CSI-RS based measurement, other than transmitting another new periodical reference signal (i.e., NCD-SSB) by gNB. 
Proposal #2: CSI-RS is used for RLM/BFD if there is no SSB transmission in the DL BWP. 
The expected functions of NCD-SSB are summarized as below:
· Idle/inactive mode measurement (cell (re-)selection)
· Significant RAN 2 impact
· Still required RF retuning for SIB for cell (re-)selection
· Potential performance issue due to the different measurement result from CD-SSB and NCD-SSB for serving cell. 
· RLM/BFD in idle mode
· CSI-RS based RLM/BFD is supported in Rel-15, with more flexible configuration and potential better performance
· CSI-RS based RLM/BFD doesn’t require RF retuning
· Connected mode mobility
· It is hard to avoid RF retuning due to the inter-frequency measurements. 

Based on the analysis above, there is no benefit/need to support additional NCD-SSB configuration/transmission other than supported in current specification. 

Proposal #3: Do not support NCD-SSB for serving cell for RRM/RLM/BFD. 
Necessary Specification Change for Option 1 and Option 2
Support of NCD-SSB for serving cell
Configurations for NCD-SSB are discussed in below if NCD-SSB is supported for RRM/RLM/BFD measurement in RRC connected mode. For NCD-SSB based RRM measurement, it has been supported by current NR system, thus no specification change is needed. The NCD-SSB can be further extended to support other functionalities for the serving cell, such as RLM/BFD. In general, to reduce the impact on specification and complexity for both UE and gNB implementation, the configurations of CD-SSB can be used for NCD-SSB as much as possible.
· Time/Frequency position
When UE is configured for NCD-SSB based RLF/BFD measurement, gNB can indicate frequency position of the NCD-SSB to UE. absoulteFrequencySSB-NCD can be added in FrequencyInfoDL under DownlinkConfigureCommon. 
FrequencyInfoDL ::=                 SEQUENCE {
    absoluteFrequencySSB-NCD                ARFCN-ValueNR                                                   
}
Regarding time configuration of NCD-SSB, same transmission pattern as CD-SSB can be used, i.e., reuse ssb-PositionsInBurst in ServingCellConfigCommon for CD-SSB to indicate which SSB(s) in time domain are transmitted within the half frame. On the other hand, if the time pattern of NCD-SSB is different from CD-SSB, it may increase the amount of semi-static DL symbols, and gNB needs to ensure that the NCD-SSB is not conflict with semi-static UL symbols for non-RedCap UEs. Besides, for RedCap UE, some further clarifications are needed for determination the slot format, for example, whether RedCap UEs need to determinate both CD-SSB and NCD-SSB symbols as semi-static DL symbols or not. Moreover, different time pattern may mess up the RO validation. Although from signaling point of view, it seems no need to restrict the configuration of time position of NCD-SSB, from gNB and UE implementation point of view, it is better to restrict time position of NCD-SSB as the same of CD-SSB to avoid unnecessary handing for potential mismatch and reducing the testing effort for some unnecessary cases.  
Proposal #4: If NCD-SSB is supported and configured in the DL BWP for RedCap in RRC connected mode, transmission pattern of CD-SSB can be reused, and a new IE can be added to indicate frequency positon for NCD-SSB. If NCD-SSB is configured in the DL BWP for RedCap, same symbol location of CD-SSB is used for NCD-SSB. 
· Periodicity
RLF/BFD is designed to monitor/recover link in a relative quick manner. When NCD-SSB is sent in a large periodicity for RLF/BFD measurement, then it may degrade measurement accuracy.  However, overhead brought by NCD-SSB will be large if a small periodicity is made. Periodicity of NCD-SSB shall be configurable by the network to balance overhead and measurement performance. A new RRC parameter, e.g., ssb-periodicityServingCell-R17, can be added in ServingCellConfigCommon to configure NCD-SSB periodicity.
Proposal #5: If NCD-SSB based RLF/BFD measurement is supported and configured in RRC connected mode, a new IE can be added to indicate periodicity for NCD-SSB. 
· Beam/Power/subcarrier spacing
In multi-beam scenario, UE measures multiple beams (at least one) of a cell and the measurements results (power values) are averaged to derive the cell quality. If NCD-SSB have different beam/transmission power/subcarrier spacing with CD-SSB, the measurement result for one cell may be very different with that from CD-SSB measurement. This may increase complicity to handle the result mismatch and may bring some corner cases. It will be much simpler if keep same beam (and index)/transmission power/subcarrier spacing for CD-SSB and NCD-SSB. Thus, NCD-SSB can 
· Default QCLed with CD-SSB that have the same beam index
· Reuse power configuration ss-PBCH-BlockPower for CD-SSB
· Reuse subcarrier spacing configuration ssbSubcarrierSpacing for CD-SSB
Proposal #6: If NCD-SSB based measurement is supported and configured in RRC connected mode, same transmission beam as CD-SSB is used for NCD-SSB with the same beam index, and the same power/subcarrier spacing as CD-SSB are used for NCD-SSB. 
· PCI
According to RAN2 observation 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.
Proposal #7: If NCD-SSB based measurement is supported and configured in RRC connected mode, the PCI of NCD-SSB shall be the same with the PCI of CD-SSB. 
· RO mapping with SSB
When UE performs RACH to access a cell, it can measure on SSBs, and select RACH resource according RO mapping parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB. With the same time pattern and QCLs of CD-SSB and NCD-SSB, the RO associated to CD-SSB and NCD-SSB is the same, which can simplify the implementation and no need to change the current specification. If both CD-SSB and NCD-SSB can be configured, gNB shall indicate which SSB shall be used for this parameter to UE. 
Moreover, according to RAN2 observation 3, currently it does not allow using an NCD-SSB for mobility (mobility here refers to the frequency indicated in FreqDLInfo in HO command). 
To support NCD-SSB based handover, gNB shall indicate frequency configuration of NCD-SSB during handover to UE if NCD-SSB based measurement is configured.
Proposal #8: If NCD-SSB based handover is supported, gNB can indicate frequency configuration of NCD-SSB during handover to UE.
· Others
NCD-SSB for RRM measurement in connected mode is configured in MeasObjectNR. However, current specification restrict that if SSB is for serving cell measurement, the frequency of the SSB shall be the same as CD-SSB. If NCD-SSB is supported for serving cell measurement, the restriction can be removed and the configuration can be indicated in MeasObjectNR. 
Proposal #9: If NCD-SSB based serving cell measurement is supported, gNB can indicate frequency configuration of NCD-SSB in MeasObjectNR to UE.
CSI-RS based RRM/RLM/BFD
There is no necessary specification change to support CSI-RS based RRM/RLM/BFD for an RRC-configured active DL BWP in connected mode 
Initial BWP configuration and switching
When separate UL BWP and DL BWP are used for RedCap UE, there are two possible options: 
· Option 1: DCI-based BWP switching on message 2 of the random access procedure, to offload both DL and UL signaling load across a set of different DL and or UL BWPs for RedCap UEs. The specific UL and DL new BWPs are configured by gNB for each RedCap UE using the same RO and Preamble. A set of new ROs for narrow band RedCap UEs is defined and a new mapping between SSB index and the new ROs for beam pairing is also provided. Note that the new ROs can be not, partially, or fully overlapping with the legacy ROs.   
· Option 2: The network allocates a set of possible initial BWPs for RedCap UEs in SIB1. The RedCap UE autonomously selects one initial BWP for PRACH to balance the load across different BWPs as shown in Figure.1. RedCap UEs informs NW about its choice of BWP in message 1. 
From our perspective, network offloading is something that should be under the control of the network operator. For this reason, we have a slight preference for option 1, even if option 2 is simpler and requires less signaling change.

Proposal #10: gNB can perform DCI-based BWP switching on message 2 of the random access procedure to offload both DL and UL signaling load across a set of different DL and or UL initial BWPs for RedCap UEs.

Conclusion
This paper provided pros/cons analysis of NCD-SSB for RedCap UE in DL BWP, as well as the potential specification impact. The following observations were made.
Observation#1: To support NCD-SSB based measurement in RRC idle/inactive mode, it requires significant RAN 2 specification changes.
Observation#2: Performance difference between NCD-SSB based measurement and CD-SSB based measurement may bring issues for cell selection/re-selection.
Observation#3: If support NCD-SSB based measurement in RRC idle/inactive mode, UE still need to retune to CORESET#0 during cell reselection.
Observation#4: RF retuning for paging in separate BWP is not very frequent and it not expect to have big impact on UE power consumption or complexity.
Observation#5: The support of intra-frequency RRM to avoid RF retuning for RedCap UEs will significantly increase the system overhead and increasing the deployment cost. 
Observation #6: CSI-RS based RLM/BFD is mandatory supported by NR UE, and no specification change is needed for RedCap UE to use CSI-RS based RLM/BFD.  
Based on the observation and the analysis, the following proposals were made: 
Proposal #1: NCD-SSB is not used for idle/inactive mode measurement. 
Proposal #2: CSI-RS is used for RLM/BFD if there is no SSB transmission in the DL BWP. 
Proposal #3: Do not support NCD-SSB for serving cell for RRM/RLM/BFD. 
Proposal #4: If NCD-SSB is supported and configured in the DL BWP for RedCap in RRC connected mode, time configuration of CD-SSB can be reused, and a new IE can be added to indicate frequency positon for NCD-SSB. Proposal#3: If NCD-SSB is configured in the DL BWP for RedCap, same symbol location of CD-SSB is used for NCD-SSB. 
Proposal #5: If NCD-SSB based RLF/BFD measurement is supported and configured in RRC connected mode, a new IE can be added to indicate periodicity for NCD-SSB.
Proposal #6: If NCD-SSB based measurement is supported and configured in RRC connected mode, same transmission beam as CD-SSB is used for NCD-SSB with the same beam index, and the same power/subcarrier spacing as CD-SSB are used for NCD-SSB. 
Proposal #7: If NCD-SSB based measurement is supported and configured in RRC connected mode, the PCI of NCD-SSB shall be the same with the PCI of CD-SSB. 
Proposal #8: If NCD-SSB based handover is supported, gNB can indicate frequency configuration of NCD-SSB during handover to UE.
Proposal #9: If NCD-SSB based serving cell measurement is supported, gNB can indicate frequency configuration of NCD-SSB in MeasObjectNR to UE.
[bookmark: _GoBack]Proposal #10: gNB can perform DCI-based BWP switching on message 2 of the random access procedure to offload both DL and UL signaling load across a set of different DL and or UL initial BWPs for RedCap UEs.



