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1. Introduction
In RAN2#117e, for RedCap UEs, companies discussed the RRM impact by supporting NCD-SSB and made following agreements:
	Agreements (RRM related):
8.	RAN2 confirms that it is up to network implementation, but it is expected that the network configures a MO on the NCD-SSB frequency if it wants the UE to use it only for serving cell measurements when some neighbor cells do not send an SSB on UE’s NCD-SSB frequency.
9.	For neighbour cell measurements, it is up to network to configure MO on CD-SSB or NCD-SSB or both (same in legacy, no spec impact)
10.	servingCellMO is configured to the MO on the CD-SSB when RedCap specific BWP of a UE contains neither CD-SSB nor NCD-SSB.
11.	 A RedCap UE may be configured with multiple NCD-SSBs, but only one per BWP (FFS on what "only one per BWP" means).


However, companies haven’t reached consensus on how serving cell measurement is performed, e.g. whether the UE dynamically changes the measured SSB based on UE’s active BWP, or the UE follows the Rel-15 servingCellMO field. In addition, RAN4 sent an LS [1] to RAN2, ask RAN2 to clarify some measurement and handover related issues, the content of LS is given below: 
	1. Overall Description:
RAN4 has discussed measurement and handover requirements based on NCD-SSB for RedCap UE in Release 17 and would like RAN2 to check the following issues for RedCap UE in Release 17:
Measurement related:
· Is it possible to configure CD-SSB and/or multiple NCD-SSB(s) for serving cell measurements?
· If yes, is it feasible from RAN2’s signalling design perspective to explicitly indicate which SSB is the reference SSB to define intra-frequency measurement?

The existing intra-frequency measurement definition is provided for information [TS38.133 v17.4.0]:
A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.

Handover related:
· Are the following Handover scenarios valid from RAN2’s perspective?
a) Handover to a target cell’s specific Redcap BWP associated with NCD-SSB directly other than to the initial BWP associated with CD-SSB 
b) Handover to a target cell’s initial BWP and further switch to the specific Redcap BWP to send the RACH
· the specific Redcap BWP associated with NCD-SSB
· the specific Redcap BWP without presence of NCD-SSB


In this contribution, we discussed the RRM remaining issues and measurement related questions from RAN4. 
2. Serving cell measurement
By introducing NCD-SSB for RRC_CONNECTED RedCap UEs, the UE is able to use this NCD-SSB to perform RLM, BFD and other activities, so a RedCap UE without supporting CS-RS based RLM/BFD/BM is able to operate on the BWP even if the BWP does not contain CD-SSB. 
Based on the agreement made in last RAN2 meeting, if the network wants the UE to perform serving cell measurement on NCD-SSB, the network is expected to configure a MO for the NCD-SSB frequency. This is the traditional operation for RRM measurements.
Considering the network may configure multiple MOs that linked to the same SSB frequency, for serving cell measurement, an explicit IE has been introduced to indicate UE which MO is used for serving cell measurement, and the IE (i.e. servingCellMO) is per serving cell configured.
ServingCellConfig ::=               SEQUENCE {
   ***skip non-related part ***
    servingCellMO                       MeasObjectId             OPTIONAL,   -- Cond MeasObject
...,
   ***skip non-related part ***
}
Observation 1:  Network can configure more than one MOs linked to the same SSB frequency, so “servingCellMO” field has been introduced to explicitly indicate UE which MO should be used for serving cell measurement. 
For RedCap UEs, the network may configure MOs on both CD-SSB and NCD-SSB, in case UE’s active BWP does not contain any SSB, RAN2 agrees the network should configure servingCellMO to the MO associated with CD-SSB. However, in case UE’s active BWP only contains NCD-SSB, it is unclear whether the UE must perform serving cell on NCD-SSB? This issue has been discussed for several meetings but no consensus is made. 
So far, there are two alternative solutions:
· Option 1: In case the active BWP only contains NCD-SSB, serving cell measurement can be performed on either NCD-SSB or CD-SSB (i.e. follow ServingCellMO field). 
· Option 2: In case the active BWP only contains NCD-SSB, serving cell measurement must be performed on NCD-SSB. 
In our view, we think Option 1 should be adopted because:
From technical point of view:
· If not all neighbour cells have deployed NCD-SSB, for inter-cell mobility, the network will configure neighbour cell measurements on CD-SSB. In this case, in order to make an accurate handover decision, the network desires to get the measurement results (e.g. RSRP, RSRQ, SINR) comparison that are obtained from the same frequency. So if serving cell measurement is restricted to “NCD-SSB”, this means the network can only use “inter-frequency” measurement results to trigger handover. 
· Most companies think performing measurements on NCD-SSB does not require gap assistance, so data interruption can be avoid. However, in case neighbour cell measurements are performed on CD-SSB, gap is required because the UE has to the switch to CD-SSB which is outside its active BWP. Then the benefit of performing serving cell on NCD-SSB is gone. 
· The periodicity of NCD-SSB can be larger than the periodicity of CD-SSB, so performing serving cell measurements on NCD-SSB may delay measurement report procedure and results in handover failure.
· Option 1 provides more flexibility to the network, so the network can instruct the UE to measure different SSBs in different cases:
· If neighbour cell measurements are performed on CD-SSB (when few neighbour cells have deployed NCD-SSB), the network can instruct the UE to also perform serving cell measurement on CD-SSB, so A3, A5 can be triggered on the same frequency.
· If neighbour cell measurements are performed on NCD-SSB (when almost all neighbour cells have deployed NCD-SSB), the network can instruct to perform serving cell measurement on NCD-SSB, and A3, A5 can be triggered on the same frequency. 
From specification point of view:
· Option 1 does not require any ASN.1 change, the existing ServingCellMO field can be reused, the field description of ServingCellMO may need some update;
· For Option 2, the intention is that the UE can dynamically change serving cell SSB upon BWP switch, so to achieve this, RAN2 needs to discuss whether to introduce separate ServingCellMO field(s) in sevingCellConfig, so the UE can be configured with more than one serving cell MOs (one associated with CD-SSB, one associated with NCD-SSB1, one associated with NCD-SSB2...etc), so upon BWP switching, the UE can autonomously select the MO which associated SSB is contained in active BWP. This requires both ASN.1 change and procedure text update. 
Observation 2:  Option 2 is less flexible and disallows the network to obtain measurement results comparison on the same frequency, in addition, Option 2 requires more specification effort. 
Some companies may argue that Option 1 disallows DCI based BWP switch. Because when the UE switches from a BWP containing CD-SSB to another BWP containing NCD-SSB, the network needs to send RRCReconfiguration in order to update ServingCellMO field. However, the maximum supported bandwidth for RedCap UEs in FR1 is 20MHz. and SSB takes 20 PRBs in frequency domain (~5MHz for SCS=15kHz, ~10MHz for SCS=30kHz). From network perspective, it is really rare case that two SSBs are deployed within 20MHz. 
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106

	30
	11
	24
	38
	51

	60
	N/A
	11
	18
	24


So due to smaller BW supported by RedCap UEs, when the UE switches between BWPs that containing different SSBs, anyway UE specific channel bandwidth needs to be reconfigured, so RRCReconfiguration is inevitable. 
Observation 3:  Real deployment will not consider to deploy two SSBs within 20MHz frequency range, so RRCReconfiguration is anyway needed when switch a UE from a BWP containing CD-SSB to another BWP containing NCD-SSB. 
So based on above analysis, we propose to adopt option 1 for serving cell measurement. 
Proposal 1: 	In case UE’s active BWP only contains NCD-SSB, serving cell measurement can be performed on either NCD-SSB or CD-SSB (i.e. follow existing ServingCellMO field).
In current TS 38.331, FFS is added to the field description of nonCellDefiningSSB-r17 field.
	nonCellDefiningSSB-r17
If configured, the UE operating in this BWP uses this SSB for the purposes for which it would otherwise have used the cell-defining SSB of the serving cell (e.g. obtaining sync, measurements (FFS on 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.


If Proposal 1 is agreed, the above field description needs to be updated accordingly. In addition, the field description of ServingCellMO needs update to accommodate NCD-SSB scenario. 
We have provided the draft TP in Annex.
Proposal 2: 	Adopt the TP provided in Annex. 
3. Reply to RAN4
Regarding measurement related questions in LS [1], based on Proposal 1, we suggest to answer the questions as below:
	Measurement related:
· Is it possible to configure CD-SSB and/or multiple NCD-SSB(s) for serving cell measurements?
[RAN2 answer]: No, the network can configure more than NCD-SSBs for RedCap UEs in RRC_CONNECTED, and either CD-SSB or NCD-SSB can be used for serving cell measurement, but at a given time, only one SSB can be used for serving cell measurements, the SSB is indicated by existing ServingCellMO field (same as in Rel-15). 
· If yes, is it feasible from RAN2’s signalling design perspective to explicitly indicate which SSB is the reference SSB to define intra-frequency measurement?
[RAN2 answer]: See answer to above question, the SSB indicated by existing ServingCellMO is the reference SSB used to define intra-frequency measurement. 



Proposal 3: 	For measurement related questions in RAN4 LS, answer RAN4 with above answers. 

4. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1:  Network can configure more than one MOs linked to the same SSB frequency, so “servingCellMO” field has been introduced to explicitly indicate UE which MO should be used for serving cell measurement. 
Observation 2:  Option 2 is less flexible and disallows the network to obtain measurement results comparison on the same frequency, in addition, Option 2 requires more specification effort. 
Observation 3:  Real deployment will not consider to deploy two SSBs within 20MHz frequency range, so RRCReconfiguration is anyway needed when switch a UE from a BWP containing CD-SSB to another BWP containing NCD-SSB. 
Proposal 1: 	In case UE’s active BWP only contains NCD-SSB, serving cell measurement can be performed on either NCD-SSB or CD-SSB (i.e. follow existing ServingCellMO field).
Proposal 2: 	Adopt the TP provided in Annex. 
Proposal 3: 	For measurement related questions in RAN4 LS, answer RAN4 with the following answers. 
	Measurement related:
· Is it possible to configure CD-SSB and/or multiple NCD-SSB(s) for serving cell measurements?
[RAN2 answer]: No, the network can configure more than NCD-SSBs for RedCap UEs in RRC_CONNECTED, and either CD-SSB or NCD-SSB can be used for serving cell measurement, but at a given time, only one SSB can be used for serving cell measurements, the SSB is indicated by existing ServingCellMO field (same as in Rel-15). 
· If yes, is it feasible from RAN2’s signalling design perspective to explicitly indicate which SSB is the reference SSB to define intra-frequency measurement?
[RAN2 answer]: See answer to above question, the SSB indicated by existing ServingCellMO is the reference SSB used to define intra-frequency measurement. 
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7. Annex- TP
[bookmark: _Toc60777179][bookmark: _Toc100930065][bookmark: _Toc60777379][bookmark: _Toc100930296]–	BWP-DownlinkDedicated
*** skipped ***
	BWP-DownlinkDedicated field descriptions

	skipped

	nonCellDefiningSSB-r17
If configured, the UE operating in this BWP uses this SSB for the purposes for which it would otherwise have used the cell-defining SSB of the serving cell (e.g. obtaining sync, measurements (FFS on measurements), RLM,...) For serving cell measurements, the UE follows the servingCellMO configuration. 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.

	skipped




–	ServingCellConfig
*** skipped ***
	ServingCellConfig field descriptions

	skipped

	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 frequencyInfoDL in ServingCellConfigCommon of the serving cell: if ssbFrequency is configured, its value is the same as the absoluteFrequencySSB and if csi-rs-ResourceConfigMobility is configured, the value of its subcarrierSpacing is present in one entry of the scs-SpecificCarrierList, csi-RS-CellListMobility includes an entry corresponding to the serving cell (with cellId equal to physCellId in ServingCellConfigCommon) and the frequency range indicated by the csi-rs-MeasurementBW of the entry in csi-RS-CellListMobility is included in the frequency range indicated by in the entry of the scs-SpecificCarrierList. For RedCap UEs, if nonCellDefiningSSB-r17 is configured for one of configured BWP, the ssbFrequency in this MeasObjectNR can also be the same as the absoluteFrequencySSB-r17 in nonCellDefiningSSB-r17.

	skipped




