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1. Introduction
Regarding the capability and NCD-SSB design, RAN1 and RAN2 had LS agreed in last meeting, summarized as following.
· RedCap feature capability (RAN1 LS: R4-2200038/R1-2112754)
	The following Rel-15/16 UE features or capabilities are not applicable for Rel-17 RedCap UEs:
1. Capabilities related to carrier aggregation (CA)
2. Capabilities related to dual connectivity (DC)
3. Capabilities related to UE bandwidths wider than 20 MHz in FR1 or wider than 100 MHz in FR2
4. Capabilities related to more than 2 UE Rx branches or more than 2 DL MIMO layers
5. Capabilities related to more than 2 UE Tx branches or more than 2 UL MIMO layers



· NCD-SSB (RAN1 LS: R4-2200044/R1-2112802 and RAN2 LS R4-2200028/ R2- 2111545)
	Agreement:
· 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.
Agreement:
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· 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.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· 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.
· 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.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB
Agreement:
· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· 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.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· 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.
· Note: For SSB and CORESET#0 multiplexing pattern 1, 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.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB


In this contribution, we further discuss the capability and NCD-SSB design for RedCap RRM.
2. Capability of RedCap UE
In previous RAN4 meeting, some agreements related with UE capability are summarized as below,
	RAN4#99e
· RedCap requirements are developed with NR release 15 RRM requirements as baseline. Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI.

RAN4#100e
Inter-frequency support
· RAN4 to develop intra-frequency and inter-frequency requirements for release 17 RedCap with equal priority.
Inter-RAT 2G/3G in IDLE/INACTIVE and CONNECTED states
· Do not define inter-RAT RRM requirements on 2G/3G for RedCap UE in Rel-17

Inter-RAT LTE in IDLE/INACTIVE and CONNECTED states
· Define inter-RAT LTE RRM requirements in IDLE/INACTIVE and CONNECTED states
· For 2RX capable RedCap UEs
· Use 2RX inter-RAT LTE requirements defined in TS 38.133 as baseline
· For 1RX capable RedCap UEs
· Use LTE Cat1bis requirements in TS 36.133 as baseline
· FFS whether and how to define inter-RAT NR RRM requirements for LTE UEs with RedCap capabilities in IDLE/INACTIVE and CONNECTED states

SUL support
· Whether to support SUL for RedCap in RRM depends on RF agreement.

Consideration of LTE cat-M1 or NB-IoT for RedCap in TS 36.133
· No need to consider LTE cat-M1 or NB-IoT for RedCap in TS 36.133
V2X requirements for Rel-17 RedCap
· V2X is not within the scope of RedCap WID. Thus no more discussions are needed on this topic.

Combination of features
· When discussing possible combinations of Rel-16 features and RedCap, we should by default assume that the features are not applicable and then identify which features (such as R16 CSI-RS based L3 measurement, L1-SINR measurement, SFTD measurement, CGI reading, 2-step RACH, and PL-RS change, etc.) can be combined with RedCap case by case based on justification.

Assumptions on UE for defining RRM requirements
· Define separate set of requirements for 1RX and 2RX capable RedCap UEs
· For RedCap UEs using 2 RX branches
· Use Release 15 NR UE measurement requirements for single carrier operation as baseline
· Single searcher is assumed
· For RedCap UE using 1 RX branches
· Define a new set of RRM requirements for single carrier operation
· Single searcher is assumed
· Note: the changes related to reduced BW and HD-FDD shall be further discussed


 And in RAN plenary #93e meeting, it was endorsed in RP-212634 that,
	· In Rel-17, there will be no work on any RedCap specific specification update for any of the following:
· RedCap UEs also supporting V2X/PC5 on n47
· RedCap UEs operating in unlicensed bands
· RedCap UEs supporting SUL 
· The specification will not contain any explicit restriction to prevent implementation of RedCap UEs with these features.
· Note: The consequence of this agreement would be:
· If any spec change/addition is found necessary in order to enable one of the options above then it will not happen in Rel-17.


Following the philosophy in RANP meeting, from RAN4 perspective, we may not need to directly preclude any UE capability for RedCap UE except those CA or DC based features, but we could clarify that we would not define any requirement for such features. 
In Last RAN4 #101e meeting, it was agreed in [1] that,
	The below WF is related to reply LS on UE capability assumptions (RAN2 LS R2-2109218)
For the UE capability assumption, RAN4 has the following agreement:
RAN4 has agreed to define RRM requirements for following two Rel-16 features.
o    2-step RA
o    NR measurements with autonomous gaps
For the above two features, RAN4 will also define additional requirements specific to RedCap.
In addition, RAN4 will also define RRM requirements for Small data transmissions (SDT) in release 17 for RedCap capable UEs.


Proposal 1: all CA or DC related features are not applicable for RedCap UE in R17
Proposal 2: from RAN4 perspective, do not need to directly preclude any UE capability for RedCap UE except those CA or DC related features, but RAN4 could clarify that RAN4 would by default not define R16 feature related requirement for RedCap UE except the ones agreed in WF R4-2120410. 
3. 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:
	Question 1: 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
· 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
FFS for specific conditions when it is feasible to use NCD-SSB:
· Condition 1: NCD-SSB is ‘QCL’-ed with CD-SSB
· Condition 2: NCD-SSB is transmitted by UE’s serving cell with the same SCS
· Condition 3: Neighboring cell’s NCD-SSB shall be placed to collide with serving cells’ NCD-SSB, if neighboring cell measurement is of necessity.
· Other conditions are not precluded.


Even though RAN1/RAN2 LS didn’t limit the QCL relation between NCD-SSB and CD-SSB, we observed some benefit to have a QCL relation between NCD-SSB and CD-SSB. For CSI-RS L1-RSRP measurement, if CSI-RS is QCLed with a CD-SSB outside the current active BWP, UE may need to train the CD-SSB rough beam (L3 serving cell measurement with MG) and then could perform L1-RSRP measurement for CSI-RS with fine beams. Since NCD-SSB is a functionality to avoid UE from frequent RF tuning/retuning, it would be benefitial if UE could get rough beam information from NCD-SSB without MG/interruption, similar as training rough beam on CD-SSB; that is, it’s beneficial to build such QCL relation between CD-SSB and NCD-SSB. To network, it would not cause extra efforts since anyway NCD-SSB would be transmitted by using different Tx beams in a same way as CD-SSB transmission.
RAN4 replies in last meeting was:
	Question 2 [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
RAN4 answer: 
Based on the given information from RAN1 and current RAN4 understanding, 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, if the NCD-SSB is QCL’ed with the CD-SSB of UE’s serving cell.
For the case when NCD-SSB is not QCL’ed with the CD-SSB of UE’s serving cell, RAN4 has not reached the conclusions and recommend RAN1 to make the decision.


Proposal 3: RAN4 to assume NCD-SSB is ‘QCL’-ed with CD-SSB when this NCD-SSB and CD-SSB shares the same SSB index.
Regarding the SCS of NCD-SSB, we think it makes more sense for UE to reuse the information from CD-SSB as much as possible (UE detected the CD-SSB during the cell accessing), therefore it would be reasonable to assume the SCS of NCD-SSB as same as CD-SSB. However, if network would like to configure different SCS of NCD-SSB from CD-SSB, network shall let UE know that.
Proposal 4: UE by-default to assume NCD-SSB has the same SCS as the CD-SSB of the same serving cell. However, if SCS is different between NCD-SSB and CD-SSB of the same serving cell, UE needs to be informed.
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.
In idle/inactive mode it would be feasible to inform UEs about an NCD-SSB from signalling standpoint. 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 and using NCD-SSB for measurements and cell (re-)selection would still require the UE to re-tune to the CORESET#0 for reading SIBs.
RAN2 has different views on whether impact on specifications due to using NCD-SSB instead of CD-SSB for serving and non-serving cell measurements for idle/inactive mode, would be substantial or not and could not conclude the discussion due to limited time.


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 5: Recommend to place neighbor cell’s NCD SSB collide with serving cell’s NCD-SSB on frequency domain if they share the same SCS.
Proposal 6: 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.
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.
Proposal 7: 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.
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 8: 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.
There are also other remaining issues in question 4 and 5, as followings:
	Question 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
FFS on SSB indexes
Option 1: SSB indexes of CD-SSB and NCD-SSB can be the same.
Other options not precluded.
Question 5 [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
Option 1: No limitation for NCD-SSB is necessary, up to the network.
Option 2: NCD-SSB should be configured off sync raster.
Option 2a: NCD-SSB should be configured off sync raster and with the same subcarrier spacing, same PCI and same ssb-PositionsInBurst as the CD-SSB.
Option 3: The periodicity of NCD-SSB may be supposed to be longer than CD-SSB.
Option 4: A good rule for it can be max{20ms, periodicity of CD-SSB}.
Option 5: The carrier center frequency and SSB bandwidth (NCD-SSB and CD-SSB BW) are not overlapped.
Option 6: If NCD-SSB is used for synchronization: a maximum period of 20 ms.
Option 7: To avoid peforming power boosting for NCD-SSBs and CD-SSB simultaneously for network, NCD-SSBs and CD-SSB can be transmitted in different half-frames
Other options are not precluded.


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”.
Proposal 9: ssb-PositionsInBurst for NCD-SSB could be a subset or 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 10: 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 11: 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.
4. Conclusion
In this contribution, we further discuss the capability and NCD-SSB design for RedCap RRM.
Proposal 1: all CA or DC related features are not applicable for RedCap UE in R17
Proposal 2: from RAN4 perspective, do not need to directly preclude any UE capability for RedCap UE except those CA or DC related features, but RAN4 could clarify that RAN4 would by default not define R16 feature related requirement for RedCap UE except the ones agreed in WF R4-2120410. 
Proposal 3: RAN4 to assume NCD-SSB is ‘QCL’-ed with CD-SSB when this NCD-SSB and CD-SSB shares the same SSB index.
Proposal 4: UE by-default to assume NCD-SSB has the same SCS as the CD-SSB of the same serving cell. However, if SCS is different between NCD-SSB and CD-SSB of the same serving cell, UE needs to be informed.
Proposal 5: Recommend to place neighbor cell’s NCD SSB collide with serving cell’s NCD-SSB on frequency domain if they share the same SCS.
Proposal 6: 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 7: 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 8: 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.
Proposal 9: ssb-PositionsInBurst for NCD-SSB could be a subset or equal-set of ssb-PositionsInBurst for CD-SSB from the same serving cell.
Proposal 10: NCD-SSB should be configured off sync raster.
Proposal 11: 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.
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