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1. Overall Description:

RAN4 thanks the LS on use of NCD-SSB instead of CD-SSB for RedCap UE. Regarding the questions, RAN4 further discussed and achieved the following conclusions.
Overall:

It is lack of time for RAN4 to determine the minimum necessary requirements for using NCD-SSB for serving cell measurement purpose, since it is not currently supported in RAN4 and depends on the target use cases/user performance (e.g. RSRP results, power consumption) and specification support/information of other WGs. Therefore, it is impossible for RAN4 to provide a clear answer regarding the below:
RAN1 respectfully requests RAN2 and RAN4 to provide feedback about the use of NCD-SSB instead of CD-SSB in terms of functionality feasibility, performance/coexistence, and specification/implementation impacts (when applicable) for idle/inactive/connected mode procedures for serving and non-serving cells for a Rel-17 RedCap UE operating with an initial or non-initial DL BWP not containing CD-SSB.
For specific questions, 

[RAN2/4] 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
[RAN4 reply]
· Regarding RRM measurement, in current intra-frequency/inter-frequency measurement definitions in TS38.133 specification, the center frequency of SSB of the serving cell indicated for measurement is supposed to be CD-SSB, as only single carrier is considered in RedCap WI. According this logic, the target MO to be measured shall be CD-SSB in the neighbor cell as well. In other words, so far in RAN4, NCD-SSB based RRM measurement for single carrier is not supported, as NCD-SSB based serving cell and neighbouring cell RRM measurement for PCell is not supported in current RAN2 signaling.
	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.


· Regarding SSB based RLM, BFD and L1-RSRP measurement, network only indicates SSB-index to UE. The SSB-index is associated with the SSB configuration in serving cell (in SIB1 or in ServingCellConfigCommon). In serving cell configuration, there is only one set of SSB configuration which is CD-SSB. Therefore in current RAN2 signaling, only CD-SSB based RLM, BFD and L1-RSRP measurement is supported. In RAN4, to perform RLM, BFD and L1-RSRP measurement, UE shall acquire the information of where to monitor and measure the indicated RS resources. At least, based on the current situation, if network only indicates SSB index information, UE would think it is related to CD-SSB.
· Regarding time-frequency tracking and AGC, there is the similar issue as SSB based RLM, BFD and L1-RSRP measurement- UE needs first know where to acquire the NCD-SSB.
[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 reply] RAN4 would like to know more details of NCD-SSB:

-the beam numbers (SSB index number) of NCD-SSB,
-the beam direction of NCD-SSB,
-the QCL and spatial relation design of NCD-SSB,
-the relationship between NCD-SSB and CD-SSB, etc
As lack of sufficient information from RAN1, it is difficult for RAN4 to answer this question at current stage.
[RAN2/4] 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
[RAN4 reply] CD-SSB is used for initial access, and the typical periodicity of CD-SSB is 20ms. If the periodicity of NCD-SSB is configured the same as CD-SSB, the resource overhead shall be carefully evaluated. If the periodicity of NCD-SSB is longer than that of CD-SSB, the L1/L3 measurement performance may be impacted.
In practical network, SSB boosting is considered. When both NCD-SSB and CD-SSB are transmitted, especially maybe multiple NCD-SSB are present in connect mode in NW side, whether gNB is able to transmit/ support multiple SSB boosting shall be further evaluated. As the principle is that RedCap UE shall not influence the eMBB network (as coexistence per WID requirement), the CD-SSB transmit power shall not be reduced in order to keep the unchanged DL coverage for legacy eMBB users. Therefore it is likely that NCD-SSB TX power is smaller than CD-SSB due to total transmit power limitation. If the SSB TX power is different between CD-SSB and NCD-SSB, the DL coverage UE observed for the same cell is different. NCD-SSB with lower Tx power and larger periodicity effectively reduces the RSRP measurement results thus mobility performance, e.g. due to increased handover failure rate. It is somewhat odd and not expected from network deployment perspective. In addition, how to handle the L3 measurement results based on different SSB transmit power of serving cell is also an issue worth careful consideration.
Regarding block indexes and QCL relation, RAN4 think it is in the scope of RAN1.
[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
[RAN4 reply] It may cause coexistence problem with legacy UE if NCD-SSB and CD-SSB are overlapped in frequency domain. 
Considering the RS overhead of introducing NCD-SSB, the periodicity of NCD-SSB may be supposed to be longer than CD-SSB.
[RAN2/4] if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation
[RAN4 reply] In RAN4, CSI-RS based L3 measurement requirements are specified in R-16. If CD-SSB is not transmitted in non-initial DL BWP of RedCap UE, and the CSI-RS resources are configured for mobility measurement, UE can perform CSI-RS based L3 measurement, if UE has capability of supporting CSI-RS based L3 measurement.
It is also supported in RAN4 that if to-be-measured SSB is out of the active BWP, UE can perform measurement by using gaps (with RF retuning), as mandatory UE capability without signaling for at least pattern 0 and 1.
[RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity
[RAN4 reply]: It is feasible for RedCap UE to retune to CD-SSB to perform measurement. The gap based measurement procedure is mandatorily supported from NR R15 for at least some gap patterns.
[RAN2/4] any other potential impacts identified by RAN2/4 on support NCD-SSB for measurement
[RAN4 reply] FFS
2. To RAN WG1 and WG2 group. 

ACTION: 
RAN4 respectfully ask RAN1 and RAN2 to take the above agreements into account.
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