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Introduction
At RAN4#108bis meeting, the SSB-less operation was further discussed and the WF is captured in [1]. In this paper, we will continue the discussion on the SSB-less operation for FR1 inter-band co-located CA. 
Side conditions
RTD condition
[bookmark: _Hlk148812516]In last meeting it was agreed to define one requirement based on one set of RTD condition i.e. RTD ≤ CP. One leftover issue is the uncertainty of performance degradation.
From RRM side, we don’t expect any impact on RRM spec as long as RTD is within CP. There may be impact on demodulation performance which needs to be discussed in demodulation session. 
Issue 1-6-10: Demodulation performance
· Proposals
· Option 1: No additional RRM performance or demodulation requirements are needed for SSB-less SCell. (CATT)
· Option 2: No performance degradation is expected as long as RTD is within CP. (Nokia)
Proposal 1: No impact to RRM spec due to performance degradation as long as RTD is within CP.
As the RTD value varies at UE side pending on the TAE in deployment, the propagation delay, frequency separation etc., the network does not know if the SSB-less operation is feasible e.g. RTD is within CP. It would be beneficial for the UE to indicate if the RTD condition if fulfilled so that network is aligned with UE on the expected behaviour. 
Proposal 2: The UE shall indicate if RTD condition is fulfilled so that network is aligned with UE on the expected behavior.

Receive Power difference condition
On power difference, it was also agreed the maximum power difference can be up to [X]dB which is larger than 6dB.
Issue 1-2-3: Power difference conditions for scenario 1
· One set of condition (Set 2) and one requirement
· Set 2: The maximum received Power difference can be up to [X] dB, and X is larger than 6.
· TRS/A-TRS is needed for Scell activation
In current specification, 25dB has been assumed for inter-band CA. Although the co-location scenario may imply a similar distance or propagation delay between network and the UE, the transmission over inter-band carriers may experience different pathloss hence bring additional power difference at the UE. Besides, the receive power difference depends on the Tx powers on inter-band carriers. Considering existing deployment, it never mandates network to ensure the receive power difference within 6dB for inter-band CA operation which remains the same for SSB-less operation. We would foresee the receive power difference may vary up to 25dB. 
Observation #1: For inter-band SSB-less operation, the difference of reception power may vary up to 25dB. 
With one set of requirements, the UE is assumed to monitor at least one TRS for fine AGC no matter how much X would be. It means the requirement is applied to existing inter-band power difference values hence no additional side condition is needed in terms of receive power difference. 
Proposal 3: Do not define receive power difference as a side condition for inter-band SSB-less operation.

QCL/TCI indication
On QCL indication, some companies proposed taking QCL as one of side conditions as it was used for intra-band SSB-less SCell operation. However, the QCL relation between inter-band carriers is up to network configuration considering the deployment and implementation. Network may or may not configure the QCL relation between the RSs from inter-band carriers hence the QCL-TypeC assumption between TRS(s) of the SSB-less SCell and SSB(s) of the reference cell is not always true. 
Issue 1-2-4: QCL/TCI indication 
· Proposals
· Option 1: RS of SCell without SSB is QCL-A with TRS of the SCell without SSB, and the TRS(s) of the SCell is (are) further QCL-TypeC with SSB(s) of an inter-band active serving cell.  (QC, CATT, Apple, Nokia, Huawei, MTK, CTC, Intel)
· Option 2: Without QCL configuration between the RSs from inter-band carriers (Nokia, CMCC, ZTE, Ericsson)
· Option 2a: timing is derived from explicit indication of the cell and not through QCL relation. (Ericsson)
· Option 2b: The condition of QCL-C relation between the TRS of the SSB-less SCell and the SSB of the reference cell is not always necessary. (ZTE)
· Provided that the RTD is limited within 260ns, the reference cell and the associated SSB can be identified at UE side, no need to consider this condition.
· Otherwise, this condition is needed.
· Option 2c: The fine sync between all the RSs within the SSB-less SCell should be guaranteed by default. (ZTE)
Some solution is needed without QCL configuration. 
Besides, the UE is supposed to acquire coarse timing from the reference cell and will apply the timing to the SSB-less SCell for fine time tracking based on TRS/A-TRS. Irrespective of the QCL relation, the UE in FR1 is able to receive the TRSs/A-TRSs. The feasibility of SSB-less operation depends on the RTD side condition but would not be impacted by QCL relation. Therefore, the QCL relation between inter-band carriers shall not be defined as a side condition to enable the SSB-less operation. 
Proposal 4: Do not define QCL relation as a side condition for inter-band SSB-less operation. 

RRM impact due to SSB-less operation
In last meeting, it was agreed TRS/A-TRS is needed for SSB-less SCell activation. The SCell activation delay requirement shall be defined based on TRS and A-TRS respectively. 
Issue 1-2-5: TRS related
FFS:
· Define FR1 inter-band SSB less activation requirements based on TRS.
· Define FR1 inter-band SSB less activation requirements based on A-TRS.
Proposal 5: Define FR1 inter-band SSB less activation delay requirements based on TRS and A-TRS separately. 
When TRS/A-TRS is used for SSB-less SCell activation, the majority view is to reuse the fast SCell activation procedure defined in R17. The fast SCell activation has been defined assuming the SCell is known or the SCell is unknown but is contiguous to an active serving cell on the same band. In any case, the UE is explicitly informed which A-TRS to monitor on the SCell via scellactivationRS-ID in the enhanced SCell activation command. 
However, the SSB-less SCell, when being activated, is likely unknown as the SSB-based measurement is not possible on the SCell. But network is able to configure suitable A-TRS on SSB-less SCell based on the PCell measurement results hence the existing fast SCell activation procedure still applies. When A-TRS is used for SSB-less SCell activation, the SCell activation delay requirement can be formulated as TFirstATRS + Tgap + TATRS + 5ms. 
Proposal 6: When A-TRS is used for SSB-less SCell activation, the SCell activation delay requirement is defined as TFirstATRS + Tgap + TATRS + 5ms. 
TRS is different from A-TRS in that TRS is assumed always transmitted on the SSB-less SCell i.e. not triggered by SCell activation command. When TRS is used for SSB-less SCell activation, and it can be up to UE to determine the TRS for SCell activation. RAN4 needs to discuss if considering the case where TRS ID for SCell activation is not explicitly indicated. 
Proposal 7: When TRS is used for SSB-less SCell activation, it is up to UE implementation to determine the TRS for SCell activation. RAN4 to discuss if considering the case where TRS ID for SCell activation is not explicitly indicated by the network.   
Others
In last meeting, it was agreed the network may send reference cell indication informing the source cell for fine time tracking and AGC. And a default cell shall be defined if the indication is not provided. 
Issue 1-6-2: Reference Cell indication 
Agreement:
· Introduce indication from NW to UE to indicate which cell (e.g., PCI, SSB frequency, etc.) is the reference cell. 
· RAN4 will define “by default cell” as reference cell if the indication is not provided.
· Reference cell means the timing and AGC source of SSB-less Cell.
· FFS whether to consider the reference cell and QCL source cell are different.
· Whether QCL is needed will be discussed in other issue.
· The details of the signalling is up to RAN2.
· If the reference cell is an SCell, it should be activated.
· RAN4 FFS the conditions for reference cell. (e.g. activated SCell)
In our views, the default cell can be PCell or PSCell which is in the same CG of the SSB-less SCell. Without explicit indication of the reference cell, the UE can take it as the default cell to acquire coarse timing and AGC.
Proposal 8: The default cell is the PCell or PSCell which is in the same CG of the SSB-less SCell.
In addition, it is FFS whether to consider the case where reference cell and QCL source cell are different. We would see this as a rare case. As both reference cell and QCL configuration are up to network decision, it is reasonable to assume the QCL source cell is aligned with the reference cell if QCL relation is configured. There is no need to consider the case.
Proposal 9: Do not consider the case where reference cell and QCL source cell are different when QCL is configured. 


Conclusion
 In this paper we have made the following proposals and observations related to the SSB-less SCell operation for inter-band CA for FR1 and co-located cells:
Proposal 1: No impact to RRM spec due to performance degradation as long as RTD is within CP.
Proposal 2: The UE shall indicate if RTD condition is fulfilled so that network is aligned with UE on the expected behavior.
Observation #1: For inter-band SSB-less operation, the difference of reception power may vary up to 25dB. 
Proposal 3: Do not define receive power difference as a side condition for inter-band SSB-less operation.
Proposal 4: Do not define QCL relation as a side condition for inter-band SSB-less operation. 
Proposal 5: Define FR1 inter-band SSB less activation delay requirements based on TRS and A-TRS separately. 
Proposal 6: When A-TRS is used for SSB-less SCell activation, the SCell activation delay requirement is defined as TFirstATRS + Tgap + TATRS + 5ms. 
Proposal 7: When TRS is used for SSB-less SCell activation, it is up to UE implementation to determine the TRS for SCell activation. RAN4 to discuss if considering the case where TRS ID for SCell activation is not explicitly indicated by the network.   
Proposal 8: The default cell is the PCell or PSCell which is in the same CG of the SSB-less SCell.
Proposal 9: Do not consider the case where reference cell and QCL source cell are different when QCL is configured. 
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