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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN#95-e meeting, the exception sheet for RedCap WI [1] was agreed. The following remaining open issues relevant to NCD-SSB can be further discussed. 
	· Requirements for RRC_CONNECTED state mobility
· Handover to RedCap specific BWP with and without NCD-SSB
· Timing requirements 
· Timing requirements using NCD-SSB and CD-SSB
· Measurement requirements in RRC_CONNECTED state
· Serving and neighbour cell measurements using NCD-SSB



In the last RAN4 meeting, there were discussions on NCD-SSB for RedCap UE. Agreements and open issues are captured in the WF [2]. The agreements made in the last meeting are as follows.
	The measurement scenarios for NCD-SSB and CD-SSB
· Define RedCap UE’s measurement requirements based on the following scenarios:
· Case A: Serving cell active BWP includes CD-SSB 
· Case B: Serving cell active BWP includes NCD-SSB
· Case B-1: All neighbour cells include NCD-SSB on the same frequency location as serving cell NCD-SSB/[CD-SSB] 
Whether to define neighbour cell measurement requirements for NCD-SSB
RAN4 to define requirements for RRM measurement on neighbour cell based on CD-SSB or NCD-SSB for the agreed scenarios mentioned above.
New NCD-SSB capability for non-RedCap UE
No need to discuss whether new NCD-SSB capability is to be introduced for non-RedCap UE.


In this contribution, we further provide our views on the remaining open issues for measurement requirements in CONNECTED mode and timing requirements related to use of NCD-SSB for RedCap UE.
2. Discussion
2.1 Use of NCD-SSB for CONNECTED mode measurements
Reference SSB for intra/inter frequency measurement is fundamental for NCD-SSB operation for RedCap UE, especially for mobility purpose. 
	Reference SSB to decide measurement type (intra- or inter-frequency)
· Agreements
· FFS: Reference SSB to decide measurement type (intra- or inter-frequency)
· Option 1 (E///, QC, ZTE): NW indicates the reference SSB (CD-SSB or NCD-SSB)
· Option 1a (Apple, Nokia, CMCC): The SSB indicated in serving cell MO is used as reference SSB (CD-SSB or NCD-SSB)
· Option 2 (Xiaomi, MTK, Nokia, QC, vivo): SSB in the active BWP is used (CD-SSB or NCD-SSB)
· Option 3 (HW, CMCC): CD-SSB of the serving cell


In legacy NR operation, the serving cell SSB is used as reference to define intra-frequency and inter-frequency measurement. The serving cell SSB is the one provided in servingCellMO. For RedCap, NCD-SSB is used and multiple SSBs, including CD-SSB and NCD-SSB, can be configured in a serving cell. It needs to clarify reference SSB for intra-frequency/inter-frequency measurement. 
In the last meeting, the scenarios for defining measurement requirements for RedCap UE were determined as in section 1 above. For both scenario A and B, there is one SSB, either CD-SSB or NCD-SSB, within active BWP of the UE. The scenarios can be further depicted in Fig 1.


Fig 1. RedCap UE BWP configuration
It should be better that reference SSB for serving cell measurement is determined firstly before defining intra-frequency and inter-frequency measurement type. There are two possible ways of defining serving cell measurement. One way is based on SSB in servingCellMO, or it can be further indicated if multiple SSBs can be configured in servingCellMO. The other way is to use SSB in the active BWP for serving cell measurement.
In our view, the servingCellMO configuration is not dynamic enough to follow BWP switching. If BWP switches, e.g., BWP is switched from initial BWP to dedicated BWP1 as in Fig 1, the serving cell measurement would need to be conducted on SSB in initial BWP with measurement gap when RedCap UE operates in dedicated BWP1. It is not so reasonable, or at least sub-optimal from UE perspective, that serving cell measurements are performed outside active BWP when there is SSB available within the active BWP. 
If serving cell measurement is based on SSB within active BWP, then the serving cell measurement can always be conducted without measurement gap. It is optimal from system performance perspective and UE power saving perspective. Especially when UE is required to perform serving cell measurement only when UE is in good conditions.
On the other hand, there were concern raised in the last meeting if intra-frequency/inter-frequency measurement type is based on this approach. One concern is on dynamic switching between intra-frequency measurement and inter-frequency measurement. For example, three MOs are configured based on the three SSB frequencies in Fig 1. When BWP is switched from initial BWP to dedicated BWP1, then measurement on MO with SSB1 will be changed from intra-frequency measurement to inter-frequency measurement and measurement on MO with SSB2 will be changed vice versa. In our understanding, there should be no critical issue if measurement type is changed. We think UE implementation complexity may be increased. However, such complexity increase is marginal as the main difference is number of samples to be used. Therefore, it is worth of doing so considering the benefit brought by this approach. From measurement procedure perspective, it is similar to additional MO is configured or one configured MO is removed by RRC reconfiguration. UE should already be capable of handling such measurement type change.
Proposal 1: SSB in the active BWP is used (CD-SSB or NCD-SSB) as reference SSB to determine intra-frequency measurement and inter-frequency measurement.
For serving cell measurement, there were discussions when both CD-SSB and NCD-SSB are configured. 
	When both CD-SSB and NCD-SSB are configured for serving cell measurements
· Option 1 (E///):	 UE can perform serving cell measurements based on NCD-SSB within active BWP provided that
· the difference of center frequency between NCD-SSB and CD-SSB is no larger than 20MHz in FR1 and 100MHz in FR2
· the difference of reception power between NCD-SSB and CD-SSB is less than 3dB
· the periodicity of NCD-SSB and CD-SSB is the same.
Otherwise, UE should perform serving cell measurements based on both NCD-SSB and CD-SSB.
· Option 2 (vivo, CMCC, QC, HW, Apple, MTK, Xiaomi, Nokia):  UE should perform serving cell measurements based on SSB with active BWP.
When both CD-SSB and NCD-SSB are configured for serving cell measurements and both require MG
Candidate options:
When both CD-SSB and NCD-SSB serving cell measurement are configured and both need MG:
· Proposals
· Option 1 (Apple, CMCC, HW, MTK, Xiaomi):  UE could choose to perform CD-SSB only if both NCD-SSB and CD-SSB measurements need gap. 
· Option 2 (Nokia, E///):  UE shall follow the NW’s configuration to perform measurement. 
· Option 3(possible compromise): When both NCD-SSB and CD-SSB measurements need gap, UE could choose to perform any SSB only provided that
· the difference of center frequency between NCD-SSB and CD-SSB is no larger than 20MHz in FR1 and 100MHz in FR2
· the difference of reception power between NCD-SSB and CD-SSB is less than 3dB
· the periodicity of NCD-SSB and CD-SSB is the same.
Otherwise, UE should perform serving cell measurements based on both NCD-SSB and CD-SSB.


Scenario D that serving cell active BWP includes both CD-SSB and NCD-SSB is precluded. Then CD-SSB and NCD-SSB should be configured in different BWPs. It is not clear if it is necessary that both CD-SSB and NCD-SSB are configured for serving cell measurements. It would be feasible for NW to figure out the difference between CD-SSB and NCD-SSB, similar to inter-frequency measurement, and thus no need for UE to measure multiple SSBs for serving cell. 
Proposal 2: Serving cell measurement is based on SSB within active BWP.
Proposal 3: Not to consider serving cell measurement on both CD-SSB and NCD-SSB, regardless of whether both require MG or not, for RedCap UE.
For definition of SSB based intra-frequency measurement for RedCap UE, several options were discussed in the last meeting. Based on aforementioned discussions on reference SSB for serving cell measurement, the intra-frequency measurement definition for RedCap is proposed as below. 
Proposal 4: The definition of intra-frequency measurement for RedCap is:
· the centre frequency of CD-SSB or NCD-SSB of the serving cell within active BWP and the centre frequency of the target SSB of the neighbour cell are the same, and
· the subcarrier spacing of the two SSBs are also the same.

	When both CD-SSB and NCD-SSB are configured for neighbour cell measurements
When both CD-SSB and NCD-SSB neighbour cell measurement are configured:
· Proposals
· Option 1 (E///, Apple, CMCC, Xiaomi, Nokia, vivo):	 UE should follow NW’s configuration to perform measurements on both SSBs.
· Option 2 (QC):  
· When both, NCD-SSB and CD-SSB of the neighbour cell lie within the UE active BWP, UE should be required to measure only one SSB.
· When both, NCD-SSB and CD-SSB of the neighbour cell lie outside the UE active BWP, UE should be required to measure only CD-SSB.
· When either NCD-SSB or CD-SSB lie within the UE active BWP, UE should be required to measure the SSB that lies within the UE active BWP.
· Option 2a (MTK):
· When both, NCD-SSB and CD-SSB of the neighbour cell lie outside the UE active BWP, UE should be required to measure only CD-SSB.
· When either NCD-SSB or CD-SSB lie within the UE active BWP, UE should be required to measure the SSB that lies within the UE active BWP.


For neighbour cell measurement, UE should follow NW configuration to provide necessary information to NW so that optimal mobility performance can be achieved. If SSB for neighbour cell measurement is on the same frequency as SSB of serving cell in the active BWP and SCSs are the same, it is performed as intra-frequency measurement. Otherwise, it is performed as inter-frequency measurement.
Proposal 5: UE should follow NW’s configuration to perform measurements on both SSBs when both CD-SSB and NCD-SSB are configured for neighbour cell measurements.
There are some discussions on NCD-SSB related configuration.
	Neighbour cell’s NCD-SSB information
· Option 1 (Apple, QC, E///, MTK, Xiaomi, Nokia, vivo, QC):	 
· 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.
· Option 2 (HW, CMCC): Wait for RAN2 conclusion	 
Periodicity of NCD-SSB 
· Proposals
· Option 1 (Apple, MTK, Xiaomi, vivo, QC):	RAN4 to assume that periodicity of NCD-SSB is same as periodicity of corresponding CD-SSB from the same cell.
· Option 2 (QC, E///, Apple, MTK, vivo): The periodicity of NCD-SSB cannot be configured to be greater than 160ms.
· Option 3 (CMCC): NCD-SSB periodicity is up to NW. 
Reporting of RS type (NCD-SSB or CD-SSB) as part of RRM measurement reporting 
· Option 1 (E///):	 RedCap UE needs to report the RRM measurement result together with the type of RS, either NCD-SSB or CD-SSB.
· Option 2 (vivo, HW, Apple, MTK, Xiaomi, Nokia, QC): Up to RAN1/RAN2
· Option 3 (E///): Discuss after the definition of intra-frequency measurement is settled.


For neighbour cell NCD-SSB information, it should be provided to UE for neighbour cell measurement. It is up to RAN2 how to provide such information. 
For periodicity of NCD-SSB, it cannot be greater than 160ms. Otherwise, there could be big spec impact. Moreover, necessity of having NCD-SSB periodicity longer than 160ms should be further studied in RAN1 and RAN4. From UE measurement requirements perspective, it can be defined that NCD-SSB and CD-SSB of the same cell have same periodicity.
Regarding the RS type for measurement results reporting, it should be up to RAN2. In our understanding, it is not necessary to report RS type as it is already known by NW as it is provided in MO configuration which is linked to reporting configuration via measurement identity.
Proposal 6: It is up to RAN2 how neighbour cell’s NCD-SSB information is provided to UE.
Proposal 7: The periodicity of NCD-SSB is no greater than 160ms.
Proposal 8: RAN4 to assume that periodicity of NCD-SSB is same as periodicity of corresponding CD-SSB from the same cell.
Proposal 9: Whether reporting RS type (CD-SSB or NCD-SSB) is up to RAN2 or it is not needed.

For scenarios to define measurement requirements, case B-2 needs further discussion.
	· FFS whether to support Case B-2 
· Case B-2: Some neighbour cells include NCD-SSB, and some neighbour cells without NCD-SSB on the same frequency location as serving cell NCD-SSB/CD-SSB
· Note: if the scenario is supported then no new requirements or minimum changes shall be introduced comparing to Case A and B-1 requirements


Case B-2 can be further depicted in Fig 2 as blow.


Fig 2. Case B-2
For case B-2, there are still neighbour cells that can be measured on NCD-SSB frequency if the neighbour cell is configured with NCD-SSB on this frequency, e.g., neighbour cell 1 and neighbour cell 3 on frequency of NCD-SSB2 in Fig 2. There should be no issue for mobility in those neighbour cells. Neighbour cell 2 can be measured by configuring MO with SSB frequency on either CD-SSB1 or NCD-SSB3 as inter-frequency measurement. Thus, all the neighbour cells can be measured given multiple MOs are configured. From RRM requirements perspective, no additional requirements are needed compared to case B-1. It is up to NW implementation how to guarantee mobility performance of the UE.
Proposal 10: No additional requirements are specified for case B-2. It is up to NW implementation how to support case B-2.


2.2 Timing requirements
For the UE timing requirements, it was agreed that either CD-SSB or NCD-SSB can be used. 
	Type of SSB to use for meeting the UE transmit timing requirements
Type of SSB used to meet the UE transmit timing re aquirements can be CD-SSB or NCD-SSB.


The remaining open issue is whether SSB has to be in UE active BWP or not.
	Whether SSB has to be in UE active BWP for meeting the UE transmit timing requirements
· Option 1 (Xiaomi, vivo):       SSB has to be in active BWP.
· Option 2 (ZTE, HW, CMCC, Apple):    Redcap UE should meet the existing Te and Tq requirements provided that the SSB is available at the UE at least once every 160 ms regardless whether SSB is in active BWP.
· Option 2a (MTK, QC, vivo): Redcap UE should meet the existing Te and Tq requirements provided that the SSB is available at the UE at least once every 160 ms and the SSB is in active BWP.
· Option 3 (E///, Nokia): Te requirements are met under any of the following scenarios:
· SSB is in the UE’s active BWP, or 
· SSB is not in the UE’s active BWP (RedCap BWP) but the following condition is met:
· UE’s active BWP(RedCap BWP) and initial BWP are within 20 MHz for FR1, or within 100 MHz for FR2.


For the legacy UE transmit timing requirements, UE is not required to retune RF for serving cell timing acquisition and tracking. It is highlighted that mandatory basic BWP operation FG 6-1 requires an SSB in the BWP. For UE supporting FG 6-1 only, there should always be SSB available in active BWP.
BWP operation without SSB (FG 6-1a) is optional feature. It is not clear from RAN4 spec point of view how UE supporting BWP operation without SSB to meet UE transmit timing requirements. UE may use larger CBW than active BWP for this case, then there is no problem for such UE to meet UE transmit timing requirements. However, there should be cost in terms of power saving.
If the UE supporting FG 6-1a still operates in active BWP, then there should be mechanism for UE to meet the requirements, e.g., allowing interruptions due to RF retuning, or using measurement gaps which should be ensured that UE is able to conduct serving cell measurements within 160ms. However, we don’t think RAN4 has ever discussed these aspects before. There are no interruption requirements related to UE transmit timing requirements. If it is based on measurement gap, there could also be issues. The gap periodicity could be configured as 160ms. There could be measurements with gap on multiple frequency layers being configured. In these cases, it cannot guarantee the serving cell T/F tracking performance as the SSB would not be available during 160ms due to measurements on other frequency layers within the gap. However, the UE transmit timing requirements are based on availability of SSB at least with 160ms periodicity. 
For RedCap UE, it may not always be possible to operate in larger channel BW as 20MHz at maximum is supported in FR1. If the timing tracking is based on measurement gap, then restrictions on measurement configuration should be put. It is not expected from mobility perspective. Therefore, SSB available with active BWP is a must for RedCap UE to meet UE transmit timing requirements, at least from standardization perspective.
Proposal 11: Redcap UE should meet the existing Te and Tq requirements provided that the SSB is available at the UE at least once every 160 ms and the SSB is within active BWP.

3. Summary
[bookmark: _Hlk23953093]In this contribution, we further provided our views on the remaining open issues for measurement requirements in CONNECTED mode and timing requirements related to use of NCD-SSB for RedCap UE. Based on analysis following observations and proposals are present.
Proposal 1: SSB in the active BWP is used (CD-SSB or NCD-SSB) as reference SSB to determine intra-frequency measurement and inter-frequency measurement.
Proposal 2: Serving cell measurement is based on SSB within active BWP.
Proposal 3: Not to consider serving cell measurement on both CD-SSB and NCD-SSB, regardless of whether both require MG or not, for RedCap UE.
Proposal 4: The definition of intra-frequency measurement for RedCap is:
· the centre frequency of CD-SSB or NCD-SSB of the serving cell within active BWP and the centre frequency of the target SSB of the neighbour cell are the same, and
· the subcarrier spacing of the two SSBs are also the same.
Proposal 5: UE should follow NW’s configuration to perform measurements on both SSBs when both CD-SSB and NCD-SSB are configured for neighbour cell measurements.
Proposal 6: It is up to RAN2 how neighbour cell’s NCD-SSB information is provided to UE.
Proposal 7: The periodicity of NCD-SSB is no greater than 160ms.
Proposal 8: RAN4 to assume that periodicity of NCD-SSB is same as periodicity of corresponding CD-SSB from the same cell.
Proposal 9: Whether reporting RS type (CD-SSB or NCD-SSB) is up to RAN2 or it is not needed.
Proposal 10: No additional requirements are specified for case B-2. It is up to NW implementation how to support case B-2.
Proposal 11: Redcap UE should meet the existing Te and Tq requirements provided that the SSB is available at the UE at least once every 160 ms and the SSB is within active BWP.
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