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1. Introduction
During the RAN#99 meeting, a new WID on Complete the specification support for BandWidth Part operation without restriction in NR is approved in [1], with the follow objectives: 
	The work item includes following objectives: 
· For Option A 
· Study and specify if any clarifications of the existing requirements are needed, e.g., applicability of requirements, conditions of gap configuration etc. (RAN4)
· For Option B-1-1
· Specify support of BM/RLM/BFD based on SSB outside the active BWP without interruptions (RAN4, RAN2, RAN1)
· For Option C 
· Specify support of BM/RLM/BFD based on NCD-SSB within active BWP for non-RedCap UEs (RAN4, RAN2, RAN1)
· For Option B-1-2 
· Specify support of BM/RLM/BFD based on SSB outside the active BWP with interruptions with the following conditions (RAN4, RAN2, RAN1):
· The UE shall be allowed to use B-1-2 only if there is no CSI-RS, no NCD SSB and no CD SSB configured for RLM/BM/BFD in the active BWP of the corresponding carrier(s) to be measured; and
· UE shall support option (C) NCD-SSB (subject to IoDT availability). 
· The interruption related requirements will be decided and specified in RAN4.

The expected RAN2 impacts are the RRC configuration signalling for the above options, and the capability signalling aspects.




It could be observed that NCD-SSB is agreed to be configured for non-RedCap UEs for BM, RLM and BFD. In this contribution, we will further discuss whether non-RedCap UEs could use NCD-SSB to perform RRM measurements. 
2. Discussion
In Rel-17, we have agreed to introduce NCD-SSB for RedCap UEs, NCD-SSB could be configured for a RedCap UE in RRC_CONNECTED to perform BM, RLM, BFD, and RRM measurements and RA resource selection when the active BWP does not contain CD-SSB. However, non-RedCap UE couldn’t perform any measurement on NCD-SSB in this release.
Observation 1: RedCap UE in RRC_CONNECTED could use NCD-SSB to perform BM, RLM, BFD, RRM measurements and RA resource selection.
In the later discussion in RAN4 and RAN meetings, some options were discussed for BWP operation without CD-SSB (FG 6-1a) feature [2], and one option is using NCD-SSB for non-RedCap UEs to perform BM/RLM/BFD. In the approved WID [1], Option C, i.e. support of BM/RLM/BFD based on NCD-SSB within active BWP for non-RedCap UEs is agreed. In this way, non-RedCap UEs could perform BM/RLM/BFD based on NCD-SSB. 
Observation 2: Non-RedCap UEs could perform BM/RLM/BFD based on NCD-SSB.
However, the issue on whether it is feasible for Non-RedCap UEs to use NCD-SSB to perform serving cell and non-serving cell RRM measurements is not discussed. In our view, if UE could use the NCD-SSB to derive the L1 measurement, i.e using NCD-SSB for BM/RLM/BFD, there are no technical reasons to exclude using NCD-SSB for RRM measurement since the RRM measurement is just applying the layer 3 filters for L1 samples based on RRC configured parameters. Besides, NCD-SSB based RRM measurement has already been introduced for RedCap UEs in Rel-17, and it is straightforward to re-use the same principle for non-RedCap UEs.
Observation 3: There is no motivation to exclude using NCD-SSB for RRM measurement for non-RedCap UE, which is already introduced for RedCap UE. 
For serving cell measurement, if the UE’s active BWP is configured with NCD-SSB and without CD-SSB, in case UE still needs to retune RF to BWP with CD-SSB to perform serving cell RRM measurement, the measurement gap will be introduced which will result in much data interruption, as frequent serving cell RRM measurement is always needed. While there is NCD-SSB in the active BWP, there is no motivation for UE to retune RF to another BWP to perform RRM measurement. Thus, it is better for non-RedCap UE to perform RRM measurement for serving cell on NCD-SSB in the active BWP. 
Regarding the specification impact, similar configuration on serving cell MO for RedCap UEs could be re-used for non-RedCap UEs, i.e. with the servingCellMO configured in BWP-DownlinkDedicated IE is associated with the NCD-SSB, as below in RRC specification [3]. 
[image: ]
Observation 4: Similar RRC configuration for RedCap UEs on NCD-SSB based RRM measurement on serving cell could be re-used for non-RedCap UEs.
As for neighbour cell measurement, current RRC signalling allows configuring SSB-based RRM measurement on any SSB, specifically, the gNB configures “measurement objects” to inform the UE to search for SSBs at which frequency. Thus, the UE doesn’t need to distinguish CD-SSB or NCD-SSB. Hence, no other specification work is needed for non-RedCap UE to perform neighbour cell measurement on NCD-SSB. 
Someone may argue that even if UE could perform serving cell measurement on NCD-SSB, it has to retune RF to CD-SSB to perform intra-f neighbour cell measurement in case the neighbour cell doesn’t send SSB on the same frequency for serving cell. We understand a reasonable network implementation is to send NCD-SSB on one frequency. In this way, UE could perform RRM measurement on serving cell and intra-frequency neighboring cell without any interruption and additional power consumption. But anway, it is better to leave this to network implementation. 
[bookmark: _Ref86324839][bookmark: _Toc86427640]Observation 5: In connected mode, the current RRC signalling allows configuring SSB-based RRM measurements on any (CD- or NCD-) SSB for neighbour cell measurement.
Based on the above, there is no other complexity or effort for non-RedCap UEs to support performing RRM measurement based on NCD-SSB, which is power-efficient and no interruption is expected. Thus, we think it is better to support NCD-SSB based RRM measurement for non-RedCap UEs. 
We understand this has not been explicitly listed in the WID scope. But considering the above technical analysis, there is no additional effort from system (i.e. both UE and network) point of view, but with benefit at UE side, for non-RedCap UEs to perform RRM measurements based on NCD-SSB. Thus, RAN2 may discuss to support NCD-SSB based RRM measurement for non-RedCap UEs. If consensus could be reached, the WID objective needs to be revised. 
Proposal 1: RAN2 to discuss introducing NCD-SSB based RRM measurement for non-RedCap UE. 
The corresponding TP for this proposal is provided in Annex. 
Proposal 2: RAN2 to agree the corresponding TP if RAN2 concluded to introduce NCD-SSB based RRM measurement for non-RedCap UE. 
3. Conclusion
In this contribution, we discuss whether non-RedCap UEs could use NCD-SSB to perform RRM measurement and we have the following observation and proposals:
Observation 1: RedCap UE in RRC_CONNECTED could use NCD-SSB to perform BM, RLM, BFD, RRM measurements and RA resource selection.
Observation 2: Non-RedCap UEs could perform BM/RLM/BFD based on NCD-SSB.
Observation 3: There is no motivation to exclude using NCD-SSB for RRM measurement for non-RedCap UE, which is already introduced for RedCap UE. 
Observation 4: Similar RRC configuration for RedCap UEs on NCD-SSB based RRM measurement on serving cell could be re-used for non-RedCap UEs.
Observation 5: In connected mode, the current RRC signalling allows configuring SSB-based RRM measurements on any (CD- or NCD-) SSB for neighbour cell measurement.
Proposal 1: RAN2 to discuss introducing NCD-SSB based RRM measurement for non-RedCap UE. 
Proposal 2: RAN2 to agree the corresponding TP if RAN2 concluded to introduce NCD-SSB based RRM measurement for non-RedCap UE. 
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Annex – Text Proposal

Start of change 

[bookmark: _Toc60777179][bookmark: _Toc124713109]–	BWP-DownlinkDedicated
The IE BWP-DownlinkDedicated is used to configure the dedicated (UE specific) parameters of a downlink BWP.
BWP-DownlinkDedicated information element
-- ASN1START
-- TAG-BWP-DOWNLINKDEDICATED-START

BWP-DownlinkDedicated ::=           SEQUENCE {
    pdcch-Config                        SetupRelease { PDCCH-Config }                                     OPTIONAL,   -- Need M
    pdsch-Config                        SetupRelease { PDSCH-Config }                                     OPTIONAL,   -- Need M
    sps-Config                          SetupRelease { SPS-Config }                                       OPTIONAL,   -- Need M
    radioLinkMonitoringConfig           SetupRelease { RadioLinkMonitoringConfig }                        OPTIONAL,   -- Need M
    ...,
    [[
    sps-ConfigToAddModList-r16          SPS-ConfigToAddModList-r16                                        OPTIONAL,   -- Need N
    sps-ConfigToReleaseList-r16         SPS-ConfigToReleaseList-r16                                       OPTIONAL,   -- Need N
    sps-ConfigDeactivationStateList-r16 SPS-ConfigDeactivationStateList-r16                               OPTIONAL,   -- Need R
    beamFailureRecoverySCellConfig-r16  SetupRelease {BeamFailureRecoveryRSConfig-r16}                    OPTIONAL,   -- Cond SCellOnly
    sl-PDCCH-Config-r16                 SetupRelease { PDCCH-Config }                                     OPTIONAL,   -- Need M
    sl-V2X-PDCCH-Config-r16             SetupRelease { PDCCH-Config }                                     OPTIONAL    -- Need M
    ]],
    [[
    preConfGapStatus-r17                BIT STRING (SIZE (maxNrofGapId-r17))                              OPTIONAL,   -- Cond PreConfigMG
    beamFailureRecoverySpCellConfig-r17 SetupRelease { BeamFailureRecoveryRSConfig-r16}                   OPTIONAL,   -- Cond SpCellOnly
    harq-FeedbackEnablingforSPSactive-r17 BOOLEAN                                                         OPTIONAL,   -- Need R
    cfr-ConfigMulticast-r17             SetupRelease { CFR-ConfigMulticast-r17 }                          OPTIONAL,   -- Need M
    dl-PPW-PreConfigToAddModList-r17    DL-PPW-PreConfigToAddModList-r17                                  OPTIONAL,   -- Need N
    dl-PPW-PreConfigToReleaseList-r17   DL-PPW-PreConfigToReleaseList-r17                                 OPTIONAL,   -- Need N
    nonCellDefiningSSB-r17              NonCellDefiningSSB-r17                                            OPTIONAL,   -- Need R
    servingCellMO-r17                   MeasObjectId                                                  OPTIONAL -- Cond MeasObject-NCD-SSB
    ]],
[[
ncd-SSB-BWP-Wor-r18             SetupRelease { NonCellDefiningSSB-r17 }                           OPTIONAL,   -- Need M
]]
}

SPS-ConfigToAddModList-r16 ::=          SEQUENCE (SIZE (1..maxNrofSPS-Config-r16)) OF SPS-Config

SPS-ConfigToReleaseList-r16 ::=         SEQUENCE (SIZE (1..maxNrofSPS-Config-r16)) OF SPS-ConfigIndex-r16

SPS-ConfigDeactivationState-r16 ::=     SEQUENCE (SIZE (1..maxNrofSPS-Config-r16)) OF SPS-ConfigIndex-r16

SPS-ConfigDeactivationStateList-r16 ::= SEQUENCE (SIZE (1..maxNrofSPS-DeactivationState)) OF SPS-ConfigDeactivationState-r16

DL-PPW-PreConfigToAddModList-r17 ::=    SEQUENCE (SIZE (1..maxNrofPPW-Config-r17)) OF DL-PPW-PreConfig-r17

DL-PPW-PreConfigToReleaseList-r17 ::=   SEQUENCE (SIZE (1..maxNrofPPW-Config-r17)) OF DL-PPW-ID-r17

-- TAG-BWP-DOWNLINKDEDICATED-STOP
-- ASN1STOP

	BWP-DownlinkDedicated field descriptions

	beamFailureRecoverySCellConfig
Configuration of candidate RS for beam failure recovery on SCells.

	beamFailureRecoverySpCellConfig
Configuration of candidate RS for beam failure recovery on the SpCell. This field can only be configured when beamFailure-r17 is configured in RadioLinkMonitoringConfig.

	cfr-ConfigMulticast
UE specific common frequency resource configuration for MBS multicast for one dedicated BWP. This field can be configured within at most one serving cell.

	dl-PPW-PreConfigToAddModList
Indicates a list of DL-PRS processing window configurations to be added or modified for the dedicated DL BWP.

	dl-PPW-PreConfigToReleaseList
Indicates a list of DL-PRS processing window configurations to be released for the dedicated DL BWP.

	harq-FeedbackEnablingforSPSactive
If enabled, UE reports ACK/NACK for the first SPS PDSCH after activation, regardless of if HARQ feedback is enabled or disabled corresponding to the first SPS PDSCH after activation. Otherwise, UE follows configuration of HARQ feedback enabled/disabled corresponding to the first SPS PDSCH after activation.

	ncd-SSB-BWP-Wor
Indicates that the UE performs measurement (i.e. BM/RLM/BFD/RRM) based on NCD-SSB within active BWP. 

	nonCellDefiningSSB
If configured, the RedCap UE operating in this BWP uses this SSB for the purposes for which it would otherwise have used the CD-SSB of the serving cell (e.g. obtaining sync, measurements, RLM). Furthermore, other parts of the BWP configuration that refer to an SSB (e.g. the "SSB" configured in the QCL-Info IE; the "ssb-Index" configured in the RadioLinkMonitoringRS; CFRA-SSB-Resource; PRACH-ResourceDedicatedBFR) refer implicitily to this NCD-SSB.
The NCD-SSB has the same values for the properties (e.g., ssb-PositionsInBurst, PCI, ssb-periodicity, ssb-PBCH-BlockPower) of the corresponding CD-SSB apart from the values of the properties configured in the NonCellDefiningSSB-r17 IE.

	pdcch-Config
UE specific PDCCH configuration for one BWP.

	pdsch-Config
UE specific PDSCH configuration for one BWP.

	preConfGapStatus
[bookmark: _Hlk101786150]Indicates whether the pre-configured measurement gaps (i.e. the gaps configured with preConfigInd) are activated or deactivated upon the switch to this BWP. If this field is configured, the UE shall apply network-controlled mechanism for activation and deactivation of the pre-configured measurement gaps, otherwise the UE shall apply the autonomous activation/deactivation mechanism, as specified in TS 38.133 [14]. The first/leftmost bit corresponds to the measurement gap with gap ID 1, the second bit corresponds to measurement gap with gap ID 2, and so on. Value 0 indicates that the corresponding pre-configured measurement gap is deactivated while value 1 indicates that the corresponding pre-configured measurement gap is activated. The UE shall ignore the bit if the corresponding measurement gap is not a pre-configured measurement gap.

	servingCellMO
measObjectId of the MeasObjectNR in MeasConfig which is associated to the serving cell. For this MeasObjectNR, the following relationship applies between this MeasObjectNR and nonCellDefiningSSB in BWP-DownlinkDedicated of the associated downlink BWP: if ssbFrequency is configured, its value is the same as the absoluteFrequencySSB in the nonCellDefiningSSB. If the field is present in a downlink BWP and the BWP is activated, the UE (including RedCap UE and non-RedCap UE) uses this measurement object for serving cell measurements (e.g., including those used in measurement report triggering events), otherwise, the UE (include RedCap UE and non-RedCap UE) uses the servingCellMO in ServingCellConfig IE.

	sps-Config
UE specific SPS (Semi-Persistent Scheduling) configuration for one BWP. Except for reconfiguration with sync, the NW does not reconfigure sps-Config when there is an active configured downlink assignment (see TS 38.321 [3]). However, the NW may release the sps-Config at any time. Network can only configure SPS in one BWP using either this field or sps-ConfigToAddModList.

	sps-ConfigDeactivationStateList
Indicates a list of the deactivation states in which each state can be mapped to a single or multiple SPS configurations to be deactivated, see clause 10.2 in TS 38.213 [13]. If a state is mapped to multiple SPS configurations, each of these SPS configurations is configured with the same harq-CodebookID.

	sps-ConfigToAddModList
Indicates a list of one or more DL SPS configurations to be added or modified in one BWP. Except for reconfiguration with sync, the NW does not reconfigure a SPS configuration when it is active (see TS 38.321 [3]).

	sps-ConfigToReleaseList
Indicates a list of one or more DL SPS configurations to be released. The NW may release a SPS configuration at any time.

	radioLinkMonitoringConfig
UE specific configuration of radio link monitoring for detecting cell- and beam radio link failure occasions. The maximum number of failure detection resources should be limited up to 8 for both cell and beam radio link failure detection. For SCells, only periodic 1-port CSI-RS can be configured in IE RadioLinkMonitoringConfig.

	sl-PDCCH-Config
Indicates the UE specific PDCCH configurations for receiving the SL grants (via SL-RNTI or SL-CS-RNTI) for NR sidelink communication/discovery.

	sl-V2X-PDCCH-Config
Indicates the UE specific PDCCH configurations for receiving SL grants (i.e. sidelink SPS) for V2X sidelink communication.



	Conditional Presence
	Explanation

	MeasObject-NCD-SSB
	This field is optionally present Need S if the UE is a RedCap UE and nonCellDefiningSSB is configured in this DL BWP. It is absent otherwise.

	PreConfigMG
	The field is optionally present, Need R, if there is at least one per UE gap configured with preConfigInd or there is at least one per FR gap of the same FR which the BWP belongs to and configured with preConfigInd. It is absent, Need R, otherwise.

	ScellOnly
	The field is optionally present, Need M, in the BWP-DownlinkDedicated of an Scell. It is absent otherwise.

	SpCellOnly
	The field is optionally present, Need M, in the BWP-DownlinkDedicated of an Spcell. It is absent otherwise.




End of change 
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