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Introduction
During the last RAN2 meeting, for the NCD-SSB aspect, companies discussed serving cell measurements and neighbour cell measurements, including the measurement configuration and UE’s measurement behaviours. 
For serving cell measurements, agreements were achieved on how to configure serving cell MOs [1]. For neighbour cell measurements, however, there was no consensus on whether further enhancement is needed on top of the existing RRM mechanism.
	Agreements via email – from offline 105 – second round:
1. RAN2 confirms that when RedCap UE’s active BWP contains NCD-SSB, it is up to network configuration whether the UE performs serving cell measurements on NCD-SSB or CD-SSB.
2. For how to indicate serving cell MO for RedCap UE, adopt solution A-2. 
Solution A-2: Optionally configures a BWP-specific servingCellMO under BWP-DownlinkDedicated IE when the BWP-DownlinkDedicated contains nonCellDefiningSSB-r17. If the field is present, the UE uses this servingCellMO for serving cell measurements, otherwise, the UE uses legacy servingCellMO IE under ServingCellConfig.
3. For the second measurement related question in R2-2204486, reply to RAN4 with the following RAN2 understandings: 
From RAN2 signalling point of view, a BWP-specific servingCellMO is defined under BWP-DownlinkDedicated, the SSB defined in this servingCellMO is the reference SSB to be used for serving cell measurements when the UE is in this active BWP; if the field is absent, SSB defined in servingCellMO under ServingCellConfig is the reference SSB to be used for serving cell measurements. This reference SSB is used to define intra-frequency measurements.



In this contribution, we further discuss remaining issues on the NCD-SSB aspect.
Discussion
Paging and OSI in dedicated BWP
Followings are RAN2#118 meeting agreements on the RedCap specific initial DL BWP for paging and SI update.
	6.	Clarify in the RRC field description that the paging search space is configured in an initial BWP only if that BWP includes the CD-SSB.
7.	RAN2 confirms that if RedCap-specific initial DL BWP does not contain CD-SSB and CORESET#0, then this BWP will not be configured with a paging search space in any RRC state. In this case, the RedCap UE in RRC_CONNECTED state is not required to read paging. 
8.	 Reply to RAN1 and explain there is no need to support paging connected RedCap UEs in a RedCap-specific initial DL BWP which does not contain CD-SSB and CORESET#0.



It was excluded to support the paging on the RedCap initial BWP not containing CD-SSB. However, considering the case of many RedCap UEs on the BWP without CD-SSB in connected state, when the SI is to be updated or ETWS/CMAS is to be broadcasted, there is the latency and signalling storm issues, if only dedicate signalling is supported for SI forwarding.
Therefore, there is the motivation to support the paging and OSI broadcasting in the BWP without CD-SSD, at least for the dedicated BWP.
Observation 1: There is the motivation to support the paging and OSI broadcasting in the BWP without CD-SSB, for the RedCap UE’s dedicated BWP (not the initial BWP) in RRC connected state, in case of SI update and ETWS/CAMS broadcasting.
Proposal 1: For the dedicated BWP (non-initial BWP) of a RedCap UE in the connected mode, pagingSearchSpace, searchSpaceOtherSystemInformation and searchSpaceSIB1 are still allowed to be configured in PDCCH-ConfigCommon, if it does not include CD-SSB and the entire CORESET#0. (to be clarified in the chair notes, no spec impact foreseen.)

Time offset between CD-SSB and NCD-SSB
In current TS38.331, the time offset between CD-SSB of the serving cell and this Non-Cell Defining SSB is defined by field ssb-TimeOffset-r17. Its possible values are in the set of {sf5, sf10, sf15, spare5, spare4, spare3, spare2, spare1}. 
Observation 2: In ssb-TimeOffset-r17, there are spare bits reserved to add necessary values for the flexible configuration.
The current values provide a solution to solve the blocking issue because of power boosting of SSBs. However, another set of values can also be used to deal with it, i.e. values {20ms, 40ms, 60ms}. Send one NCD-SSB together with CD-SSB at the same time is also acceptable in terms of power consumption from NW side and only few SSBs (i.e. one CD-SSB and one NCD-SSB) can also avoid blocking issue. Here we take 2 examples as shown in the following figure. Example 1 shows that 4 NCD-SSBs are sent at the offset 0ms, 5ms, 10ms, and 15ms with a periodicity of 80ms as supported in current spec, and example 2 shows that 4 NCD-SSBs are sent at the offset 0ms, 20ms, 40ms, and 60ms with a periodicity of 80ms as we proposed. Both 2 set of values can support multiple 4 NCD-SSBs to be sent without the blocking issue. And the latter one has an additional benefit that NW can use the same scheduling time pattern as the BWP on CD-SSB for the BWP on NCD-SSB. Therefore we think it is beneficial to support another set of values and increase the flexibility of NW configuration.  
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Fig. 2a: 4 NCD-SSBs are sent by offset 0ms, 5ms, 10ms and 15ms, with 80ms periodicity
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Fig.2b: 4 NCD-SSBs are sent by offset 0ms, 20ms, 40 and 60ms, with 80ms periodicity
Observation 3: In the four NCD-SSB case, there could be two SSBs overlapped in time domain anyway, with only 5ms, 10ms, 15ms as offset values.
Observation 4: It is beneficial for the NW side to reuse the DL schedule pattern (e.g. for broadcasting SIBs) between the BWP of NCD-SSB and the BWP of CD-SSB, by allowing the configuration of each NCD-SSB to be overlapped with CD-SSB in time domain. 
Proposal 2: Add new values {20ms, 40ms, 60ms} for ssb-TimeOffset-r17, i.e. {sf5, sf10, sf15, sf20, sf40, sf60, spare2, spare1}.
Clarifications on event A3/A5 reporting criterion evaluation
· Issue description:
According to the current mechanism, the RedCap UE may perform measurements on both CD-SSB and NCD-SSB simultaneously based on the measurement configuration. For example, as presented in Fig.1, the UE’s active BWP is associated with MO2 of an NCD-SSB while there is another MO1 configured on the CD-SSB. MO2 is the current serving cell MO and the PCell measurement result is derived via this MO2. At the same time, the network may also configure the UE to measure MO1 for the purpose of e.g. measuring neighbour cells, where the UE can also derive the PCell measurement result on this MO1.
Observation 5: For RedCap UEs, although the PCell measurement result is to be derived via the indicated serving cell MO, the UE may also obtain the PCell measurement result on the MOs of other SSBs if measured.
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Fig.1 An example of measurement configuration for RedCap UEs
Provided that the MO1 is associated with a report configuration—event A3/A5 and the required measurement gap is configured, then the measurement identified by measId1 will be a valid measurement that the UE needs to perform.
As presented below, for the event A3/A5, the UE evaluates whether the results of neighbour cells on the associated MO and the PCell can fulfil the event condition. Further, in the procedure text (5.5.4.1, TS 38.331), it is specified that for event A3/A5 if the PCell is on a MO and neighbour cells are on another MO, then serving cells on the other MO will all be considered as neighbour cells. 
	[bookmark: _Toc60776889][bookmark: _Toc100929706]5.5.4.4		Event A3 (Neighbour becomes offset better than SpCell)
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition A3-1, as specified below, is fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition A3-2, as specified below, is fulfilled;
1>	use the SpCell for Mp, Ofp and Ocp.
NOTE 1:	The cell(s) that triggers the event has reference signals indicated in the measObjectNR associated to this event which may be different from the NR SpCell measObjectNR.
Inequality A3-1 (Entering condition)
Mn + Ofn + Ocn – Hys > Mp + Ofp + Ocp + Off
Inequality A3-2 (Leaving condition)
Mn + Ofn + Ocn + Hys < Mp + Ofp + Ocp + Off
The variables in the formula are defined as follows:
Mn is the measurement result of the neighbouring cell, not taking into account any offsets.
Ofn is the measurement object specific offset of the reference signal of the neighbour cell (i.e. offsetMO as defined within measObjectNR corresponding to the neighbour cell).
Ocn is the cell specific offset of the neighbour cell (i.e. cellIndividualOffset as defined within measObjectNR corresponding to the frequency of the neighbour cell), and set to zero if not configured for the neighbour cell.
Mp is the measurement result of the SpCell, not taking into account any offsets.
Ofp is the measurement object specific offset of the SpCell (i.e. offsetMO as defined within measObjectNR corresponding to the SpCell).
Ocp is the cell specific offset of the SpCell (i.e. cellIndividualOffset as defined within measObjectNR corresponding to the SpCell), and is set to zero if not configured for the SpCell.
Hys is the hysteresis parameter for this event (i.e. hysteresis as defined within reportConfigNR for this event).
Off is the offset parameter for this event (i.e. a3-Offset as defined within reportConfigNR for this event).
……

	[bookmark: _Toc100929702]5.5.4	Measurement report triggering
[bookmark: _Toc60776886][bookmark: _Toc100929703]5.5.4.1		General
If AS security has been activated successfully, the UE shall:
1>	for each measId included in the measIdList within VarMeasConfig:
2>	if the corresponding reportConfig includes a reportType set to eventTriggered or periodical:
3>	if the corresponding measObject concerns NR:
4>	if the corresponding reportConfig includes measRSSI-ReportConfig:
5>	consider the resource indicated by the rmtc-Config on the associated frequency to be applicable;
4>	if the eventA1 or eventA2 is configured in the corresponding reportConfig:
5>	consider only the serving cell to be applicable;
4>	if the eventA3 or eventA5 is configured in the corresponding reportConfig:
5>	if a serving cell is associated with a measObjectNR and neighbours are associated with another measObjectNR, consider any serving cell associated with the other measObjectNR to be a neighbouring cell as well;



Based on these rules, in the above case in Fig.1, the UE should evaluate the neighbour cells on MO1 and the PCell on MO2, where the PCell on MO1 will also be considered as a neighbour cell. Thus, it is possible that the event A3/A5 is triggered due to the comparison of the PCell on MO1 (i.e. the PCell treated as a neighbour cell) and the PCell on MO2 (i.e. the current PCell indicated by serving cell MO). 
Observation 6: According to the current measurement procedure, for the event A3/A5 measurement, if a PCell is on the MO which is associated with the event-related neighbour cells, this PCell may be considered to be a neighbour cell erroneously.
We think such triggering of the event A3/A5 is undesired since the PCell on MO1 and the PCell on MO2 are essentially the same cell. The corresponding measurement report cannot assist the network on RRM operations (e.g. handover) and instead may have certain negative impacts e.g. misleading the network. Besides, this kind of measurement report also results in unnecessary UE reporting and signalling overhead.
The procedure in 5.5.4.1 was introduced for the CA scenario to enable the network to change an SCell to PCell if needed, but not to compare the results of the same cell on different SSBs. Therefore, the issue of the unexpected event A3/A5 triggering in the NCD-SSB scenario should be addressed.
Observation 7: For RedCap UEs, if the serving cell MO is one MO while another MO associated with event A3/A5 is also the MO of the SSB of the PCell, the event A3/A5 reporting may be triggered by the PCell measurement results from the two MOs, rather than by the PCell measurement result on serving cell MO and the neighbour cell measurement results on the other MO, which results in unnecessary and possibly misleading measurement reports.
· Clarification:
The issue analysed above comes from that the procedure in 5.5.4.1 specifies the PCell on other MOs which are not the current serving cell MO to be a neighbour cell. Hence, the solution can be straightforward to clarify that the PCell will not be considered as a neighbour cell in any case.
Option 1 Text proposal for TS 38.331 v17.1.0
One option is to update the procedure in 5.5.4.1. An example for clarification is given as follows.
	Text proposal for TS 38.331 v17.1.0
5.5.4	Measurement report triggering
5.5.4.1		General
If AS security has been activated successfully, the UE shall:
1>	for each measId included in the measIdList within VarMeasConfig:
2>	if the corresponding reportConfig includes a reportType set to eventTriggered or periodical:
3>	if the corresponding measObject concerns NR:
4>	if the corresponding reportConfig includes measRSSI-ReportConfig:
5>	consider the resource indicated by the rmtc-Config on the associated frequency to be applicable;
4>	if the eventA1 or eventA2 is configured in the corresponding reportConfig:
5>	consider only the serving cell to be applicable;
4>	if the eventA3 or eventA5 is configured in the corresponding reportConfig:
5>	if a serving cell is associated with a measObjectNR and neighbours are associated with another measObjectNR, consider any serving cell associated with the other measObjectNR to be a neighbouring cell as well, except for the PCell for RedCap;
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Another option is to add a NOTE.
Option 2 Text proposal for TS 38.331 v17.1.0
	5.5.4	Measurement report triggering
5.5.4.1		General
If AS security has been activated successfully, the UE shall:
1>	for each measId included in the measIdList within VarMeasConfig:
2>	if the corresponding reportConfig includes a reportType set to eventTriggered or periodical:
3>	if the corresponding measObject concerns NR:
4>	if the corresponding reportConfig includes measRSSI-ReportConfig:
5>	consider the resource indicated by the rmtc-Config on the associated frequency to be applicable;
4>	if the eventA1 or eventA2 is configured in the corresponding reportConfig:
5>	consider only the serving cell to be applicable;
4>	if the eventA3 or eventA5 is configured in the corresponding reportConfig:
5>	if a serving cell is associated with a measObjectNR and neighbours are associated with another measObjectNR, consider any serving cell associated with the other measObjectNR to be a neighbouring cell as well;
NOTE: The PCell, if associated with the other measObjectNR for RedCap UE, is not considered to be a neighbour cell.



Proposal 3: Clarify that, for event A3/A5 when determining applicable cells, the PCell “associated with the other measObjectNR” should not be considered to be a neighbour cell, by adopting the TP option 1/2.
Conclusion
[bookmark: OLE_LINK3]In this paper, we discuss remaining issues on the NCD-SSB related RRM measurement. Observations and proposals are summarized as follows.
Observation 1: There is the motivation to support the paging and OSI broadcasting in the BWP without CD-SSB, for the RedCap UE’s dedicated BWP (not the initial BWP) in RRC connected state, in case of SI update and ETWS/CAMS broadcasting.
Observation 2: In ssb-TimeOffset-r17, there are spare bits reserved to add necessary values for the flexible configuration.
Observation 3: In the four NCD-SSB case, there could be two SSBs overlapped in time domain anyway, with only 5ms, 10ms, 15ms as offset values.
Observation 4: It is beneficial for the NW side to reuse the DL schedule pattern (e.g. for broadcasting SIBs) between the BWP of NCD-SSB and the BWP of CD-SSB, by allowing the configuration of each NCD-SSB to be overlapped with CD-SSB in time domain. 
Observation 5: For RedCap UEs, although the PCell measurement result is to be derived via the indicated serving cell MO, the UE may also obtain the PCell measurement result on the MOs of other SSBs if measured.
Observation 6: According to the current measurement procedure, for the event A3/A5 measurement, if a PCell is on the MO which is associated with the event-related neighbour cells, this PCell may be considered to be a neighbour cell erroneously.
Observation 7: For RedCap UEs, if the serving cell MO is one MO while another MO associated with event A3/A5 is also the MO of the SSB of the PCell, the event A3/A5 reporting may be triggered by the PCell measurement results from the two MOs, rather than by the PCell measurement result on serving cell MO and the neighbour cell measurement results on the other MO, which results in unnecessary and possibly misleading measurement reports.

Proposal 1: For the dedicated BWP (non-initial BWP) of a RedCap UE in the connected mode, pagingSearchSpace, searchSpaceOtherSystemInformation and searchSpaceSIB1 are still allowed to be configured in PDCCH-ConfigCommon, if it does not include CD-SSB and the entire CORESET#0. (to be clarified in the chair notes, no spec impact foreseen.)
Proposal 2: Add new values {20ms, 40ms, 60ms} for ssb-TimeOffset-r17, i.e. {sf5, sf10, sf15, sf20, sf40, sf60, spare2, spare1}.
Proposal 3: Clarify that, for event A3/A5 when determining applicable cells, the PCell “associated with the other measObjectNR” should not be considered to be a neighbour cell, by adopting the TP option 1/2.
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