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Introduction
At RAN4#108 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
In last meeting we made progress on RTD condition while the other side conditions were not concluded. We will continue the discussion on the open issues.
RTD condition
On RTD side condition, it was agreed to define the requirements for RTD ≤ CP. It is still FFS if additional requirement is needed for RTD ≤ 260ns. Some company also brought the concerns on performance when RTD is within CP. 
[bookmark: _Hlk144720214]Issue 1-2-1: RTD conditions for scenario 1
· Agreements
· Define requirements for RTD ≤ CP
· note: the CP corresponding to the [largest SCS across CCs or SCell SCS]
· FFS if additional requirements shall be considered for RTD ≤ 260ns
· Performance requirements (RRM and/or demodulation) need to be introduced for the scenario with RTD ≤ CP to guarantee proper performance on the SCell
We believe the UE is able to reuse the timing from inter-band PCell or another SCell as long as the RTD is within CP. As the reference timing is to be used for monitoring or receiving from the target SSB-less SCell, the RTD shall be within the CP of to-be-activated SSB-less SCell. The CP threshold has nothing to do with the numerology of reference cell. 
Proposal 1: The CP corresponds to the SCS of SSB-less SCell. 
Regarding to the performance, a note has been added when defining the MRTD for intra-band non-contiguous CA (as cited below), which indicates the possible demodulation performance degradation when RTD exceeds the CP. We think the principle is also applicable to inter-band SSB-less operation, hence we do not expect any performance degradation as long as RTD is within CP.  
TS38.133 Table 7.6.4-1: 
Note 1:	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.
Proposal 2: No performance degradation is expected as long as RTD is within CP.
Another open issue from last meeting is if additional requirements shall be considered for RTD ≤ 260ns. In our views, this depends on if UE would behave differently under RTD ≤ 260ns and 260ns < RTD ≤ CP. For instance, in some UE implementation, the UE can directly apply the PCell information and activate the SCell within 3ms the same as activating an intra-band SSB-less SCell when RTD ≤ 260ns, while it needs to monitor TRSs on the SCell at least for fine time tracking when 260ns < RTD ≤ CP. As different UE behaviors are expected under different RTD conditions, additional requirement can be defined for RTD ≤ 260ns to allow faster SCell activation. But for some other UEs there is no difference on the UE behaviour for RTD ≤ 260ns. They are always expected to monitor TRSs on the SCell for fast time tracking. In this case, there is no need to define additional requirements and single requirement is sufficient for RTD ≤ CP. Therefore, RAN4 needs to discuss the UE behaviours under RTD ≤ 260ns and 260ns < RTD ≤ CP. Additional requirements shall be considered if the UE can activate the inter-band SSB-less SCell within 3ms under RTD ≤ 260ns.
Observation #1:  Additional requirements can be considered if UE would behave differently under RTD ≤ 260ns and 260ns < RTD ≤ CP. 
Proposal 3: Additional requirements can be considered if the UE can activate the inter-band SSB-less SCell within 3ms under RTD ≤ 260ns. Otherwise, single requirement is sufficient for RTD ≤ 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 or how the UE is performing SSB-less operation e.g. if different UE behaviour is expected for RTD ≤ 260ns. It would be beneficial for the UE to indicate the RTD or the set of RTD condition where applicable, so that network is aligned with UE on the expected behaviour as well as the requirements it is supposed to apply. 
Proposal 4: The UE shall indicate the RTD or the set of RTD condition where applicable, so that network is aligned with UE on the expected behavior as well as the requirements it is supposed to meet.
For FR1 inter-band CA operation, the TAE requirement has been specified as 3us. In last meeting, RF was discussing some smaller TAE requirement to ensure SSB-less operation with the arguments that TAE in real deployment may be smaller in collocated scenario. However, the TAE value in use is based on network deployment. It is not only dependent on co-located or non-collocated, but also relevant to intra-BTS or inter-BTS, BTS accuracy of synchronization and even the paths taken through the hardware of the base stations. For FR1 inter-band scenario, network may be able to provide a smaller TAE in some implementation, but “co-located deployment” does not necessarily always imply a smaller TAE.    
Observation #2: The TAE value in use is not only dependent on co-located or non-collocated, but also relevant to intra-BTS or inter-BTS, BTS accuracy of synchronization and even the paths taken through the hardware of the base stations. “Co-located deployment” does not necessarily always imply a smaller TAE.
In addition, changing the TAE requirement defined for the inter-band case (i.e., 3 us) may cause lots of compatibility issues in the existing networks. A more stringent TAE requirement may limit the implementation of the SSB-less feature and hence the benefit of network energy saving becomes questionable. Therefore, the 3us TAE requirement shall be kept for the SSB-less discussion in inter-band co-located scenario.
Observation #3: Changing the TAE requirement defined for the inter-band case (i.e.,3 us) may cause lots of compatibility issues in the existing networks.  
Proposal 5: The 3us TAE requirement shall be kept for the SSB-less discussion in inter-band co-located scenario.

Power difference condition
Regarding to the difference of reception power, 6dB has been assumed for intra-band CA and 25dB for inter-band case. 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 more power difference at the UE. Additionally, the receive power difference depends on the Tx powers from network on inter-band carriers. Considering existing deployment, it never mandates the network to ensure the receive power difference within 6dB for inter-band CA operation. We would foresee the receive power difference may vary up to 25dB.
Observation #4: For inter-band CA, the difference of reception power may vary up to 25dB. 
Similar as the RTD discussion, we need to further discuss how the UE behaves given different reception power difference. Especially if the reception power difference is larger than 6dB, the TRS transmission may be used to compute AGC as proposed in last meeting. Therefore RAN4 should discuss the UE behavior when reception power difference is within 6dB and when reception power difference is larger than 6dB and define the requirements correspondingly. 
Issue 1-2-2: Power difference conditions for scenario 1
Proposals:
· Proposal 1: The reception power difference shall be within 6dB. (Apple, MTK, CMCC, Intel, SS, Huawei, Vivo, Ericsson, ZTE, LGE, CATT)
· Proposal 1a: For a UE using single RF chain, the difference of reception power with the reference cell selected from FR1 inter-band active serving cells is within 6dB (SS, Ericsson)
· Proposal 1b: (Vivo)
· The difference of Tx power with the FR1 inter-band active serving cell is within 6dB, and the same UE RF chain is used for the SSB-less SCell
· Proposal 2: The reception power difference can be larger than 6dB. (QC, CMCC, SS, Huawei, Ericsson, Nokia, vivo)
· Proposal 2a: for a UE using dual RF chains, the difference of reception power with the reference cell selected from FR1 inter-band active serving cells is within 6dB+Y, the value of Y is TBD. (SS)
· Proposal 2b: If UE can support TRS-based AGC adjustment, there is no power difference limitation. (Huawei)
· Proposal 2c: (QC, LGE)
· NW provides explicit information about transmit power offset between reference cell and SSBless SCell, where transmit power offset = transmit power of RS on reference Cell – Transmit power of RS on SSBless SCell.
· If NW provide transmit power offset information, RAN4 does not need to define side condition of AGC for SSBless Scell operation.
· Proposal 2d: (Ericsson)
· For a UE using dual RF chains, the maximum power difference UE can handle is 25dB.
· NW can indicate the power difference between the reference cell and target cell to UE to compensate the AGC gain
· For a UE using dual RF chains, RAN4 to study whether UE can use TRS transmission in scenario 1 for computing AGC.  
· Proposal 2e: (Nokia) 
· RAN4 to discuss the feasibility and corresponding UE behavior when reception power difference is within 6dB and when reception power difference is larger than 6dB respectively.
· Proposal 2f: (vivo) 
· The UE is allowed at least one CSI-RS based measurement for AGC adjustment on the SCell before or during the activation of the SCell. Such CSI-RS based measurement can be A-TRS, TRS, CSI-RS for mobility or CSI-RS for pathloss measurements.
Proposal 6: RAN4 to discuss the UE behavior when reception power difference is within 6dB and when reception power difference is larger than 6dB and define the requirements correspondingly.

Frequency separation
Another condition which may impact the feasibility is the frequency separation between inter-band carriers. As discussed above, if the two bands are close enough, the difference on the propagation delay as well as the receive power could be quite small. Otherwise, the impact on RTD and receive power may not be ignored. In any case, RAN4 should study the impact from frequency separation to enable the SSB-less SCell operation. The details can be discussed in RF session as in [2]. 
Proposal 7: RAN4 should study the impact from frequency separation between inter-band carriers to enable the SSB-less SCell operation. The details can be discussed in RF session.

QCL assumption
Issue 1-2-4: QCL/TCI indication for Scenario 1
Proposals:
· Proposal 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, Samsung, Intel)
· Proposal 2: Without QCL configuration between the RSs from inter-band carriers (Nokia, CMCC)
· Proposal 2a: TCI state indication may not be needed to complete the SSB less SCell activation. (Ericsson)
Some companies proposed taking QCL as one of side conditions as it was used for intra-band SSB-less SCell operation. As cited below, it provides the QCL relation between the SSB-less SCell and another contiguous active serving cell on the same band. However, the QCL relation between inter-band carriers is unpredictable considering different network deployment. Network may or may not be able to derive the QCL relation between the RSs from inter-band carriers hence the assumption of QCL configuration is not always true. Hence the feasibility needs to be discussed considering both with and without QCL relation between the RSs from inter-band carriers.
TS 38.133: 
· The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SCell being activated, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of any active serving cell that is contiguous to the SCell being activated on that FR1 band. 
Observation #5: Network may or may not be able to derive the QCL relation between the RSs of inter-band carriers hence the assumption of QCL configuration is not always true.
Proposal 8:  For FR1 inter-band SSB-less operation, the feasibility needs to be discussed considering both with and without QCL configuration between the RSs from inter-band carriers.

Periodic vs. Aperiodic TRS
In last meeting, there were different views on the types of TRS used for SSB-less operation. In existing intra-band SSB-less SCell activation, the TRS used for QCL relation is understood as the periodic TRS. According to RAN1, the P-TRS is always assumed present in a cell. But when TRS is used for fine time tracking to assist SCell activation, A-TRS has been assumed for fast SCell activation in R17. RAN4 should clarify what type of TRS is intended for SSB-less SCell operation in inter-band CA. 
Issue 1-2-5: TRS related
Proposal:
· Periodic TRS/A-TRS
· Proposal 1a: Periodic TRS is available for fine time/freq tracking purpose. (QC, Huawei, Apple)
· Proposal 1b: A-TRS can be consider for SSB-less SCell activation (Apple, Huawei, Vivo) 
· Proposal 1c: RAN4 to clarify what type of TRS is intended for SSB-less SCell operation in Scenario 1. (Nokia)
· Whether TRS is needed for SSB-less SCell activation:
· Proposal 1: TRS monitoring is not needed for SSB-less SCell activation (i.e. 3ms SCell activation delay is achieved). (Nokia)
· Proposal 1a: RAN4 to study whether transmitting no TRS would work or not (Ericsson)
· Proposal 2: TRS monitoring is needed for SSB-less SCell activation (wherein >3ms SCell activation delay is expected). (Nokia)
Observation #6: In Scenario 1, TRS may refer to the periodic TRS used for QCL relation or the aperiodic TRS used for fast SCell activation. 
Proposal 9: RAN4 to clarify what type of TRS is intended for SSB-less SCell operation in inter-band CA.

Feasibility study
In last meeting #108, we have provided the initial simulation results for SSB-less SCell operation (i.e., Scenario 1: SCell without SSB transmission and with TRS transmission), evaluated in terms of the demodulation performance of PDSCH (i.e., the BLER of PDSCH) [3]. Recall that in the initial results, we have not used any timing offset (TO) estimation and compensation algorithms. As a result, the obtained PDSCH BLER performances were below 10% only until TO was less than 50% of cyclic prefix (see the observations in [3]). 
For this meeting, we have done another simulation campaign for Scenario 1 by enabling TO estimation and compensation algorithm. In this section, we summarize the observations made by the new set of simulations. The reader is referred to our related simulation paper [4] for further details.
Observation #7: The following observations were noted from the simulation results: 
· When SCS = 15 kHz and until TO <= 97% of CP (i.e., until TO <= 4.5493 us), the PDSCH BLER performance is below 10% and the degradation of BLER (compared to 0% of CP case) is < 1 dB.  
· When SCS = 30 kHz and until TO <= 97% of CP (i.e., until TO <= 2,2698 us), the PDSCH BLER performance is below 10% and the degradation of BLER (compared to 0% of CP case) is < 1 dB.  
· For both SCS = 15 kHz and 30 kHz cases, when TO estimation and compensation is enabled, we can observe that the PDSCH BLER performance is within an acceptable range (i.e., below 10%) until TO is 97% of CP, and the degradation of BLER compared to 0% CP is < 1 dB.

RRM impact due to SSB-less operation
SCell activation delay
It was agreed in RAN4#106bis-e to define the SSB-less based SCell activation delay, but this shall be based on the UE behaviour given certain side conditions as discussed above. RAN4 can discuss the SCell activation delay requirements after the UE activation behaviour under certain side conditions is clarified. 
Issue 2-3-1: Requirements for SSB-less SCell activation
SSB-less based SCell activation delay is to be specified for inter-band CA for FR1 and co-located cells based on feasibility study.
Proposal 10: RAN4 to discuss the SCell activation delay for activating an inter-band co-located SSB-less SCell after the UE activation behaviour under certain side conditions is clarified. 

L1/L3 measurement on SSB-less SCell
Another aspect is the L1/L3 measurement on SSB-less SCells. In legacy specification, the measurement requirements have been defined for both SSB-based and CSI-RS based measurement. However, when SSB-less SCell is considered, there is no SSB transmission hence not available for SSB-based L1/L3 measurement. In any case, the UE is not required to perform SSB-based L1/L3 measurements on the SSB-less SCells. 
Observation #8: In SSB-less SCell operation, there is no SSB transmission hence not available for L1/L3 measurement. 
Proposal 11: The UE is not required to perform SSB-based L1/L3 measurements on the SSB-less SCells.
Regarding to L1 measurement, different views have been under discussion as below. In our understanding, the beam patterns may not be the same for inter-band carriers. Since L1 measurement is for beam management, the beam based measurement result on reference cell may not be reusable for beam management on SSB-less SCell. 
Issue 1-4-1: Whether to have L1 measurement on SSB-less SCell
Proposals
· Proposal 1: L1 measurement on less SCell is not needed. (MTK, CMCC, CATT, Huawei, CTC, ZTE)
· Proposal 1a: For SSB-less SCell activation, when the conditions about RTD, power imbalance and TRS are met, the L1/L3 measurement can be skipped (CATT)
· Proposal 1b: No L1/L3 measurement on the inter-band SSB-less SCell (MTK)
· Proposal 1c: When RTD, power difference conditions are ensured and CSI-RS based L1 measurement is not configured, L1 measurement on SSB-less SCell is not needed. (CMCC)
· Proposal 1d: No new measurement requirement is specified for L1 or L3 measurements for SSB-less SCell operations. (Intel)
· Proposal 1e: When CSI-RS based L1 measurement isn’t configured and the conditions of RTD/power difference/QCL indication defined above are fulfilled, L1 measurement on SSB-less SCell can be skipped. (CTC)
· Proposal 1f: Sharing the L1/L3 measurement results between the SSB-less SCell and reference cell (ZTE)
· Proposal 2: CSI-RS based L1 measurement is needed on SSB-less SCell (Apple, CMCC, SS, Huawei, CTC)
· Proposal 2a: RAN4 to assume no SSB but with CSI-RS resource for L1 measurement on the FR1 inter-band SSB-less SCell (Apple)
· [bookmark: _Hlk135225708]Proposal 2b: If the conditions are not met but CSI-RS based measurement is supported and configured, L1 measurement needs to be specified for SSB-less SCell operation. (CATT)
· Proposal 2c: When CSI-RS resources for L1 measurement are configured, the legacy requirements for CSI-RS based L1 measurement can be reused for SSB-less SCell operation. (Huawei, CMCC, SS, CTC)
· Proposal 3a: RAN4 needs to discuss the impact on the CSI-RS based L1/L3 measurement requirements due to SSB-less SCell operation.  (Nokia)
· Proposal 3b: RAN4 can study whether and how to perform RLM/BFD/CBD on the SSBless SCell based on reference Cell measurement. (QC)
Similarly for L3 measurements, the UE may experience similar pathloss from co-located inter-band carriers hence the SSB-based measurement on reference cell may be reused for SSB-less SCell. But in existing spec, CSI-RS resources can be used for L1-RSRP measurement and/or L3 measurements. This is up to network configuration. If CSI-RS based L1-RSRP measurement and/or L3 measurement is configured, we need identify the impact on the RRM requirements due to SSB-less SCell operation.,
Observation #9: CSI-RS based L1/L3 measurements are up to network configuration. 
Proposal 12: RAN4 needs to discuss the impact on the CSI-RS based L1/L3 measurement requirements due to SSB-less SCell operation.  

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: The CP corresponds to the SCS of SSB-less SCell. 
Proposal 2: No performance degradation is expected as long as RTD is within CP.
Observation #1:  Additional requirements can be considered if UE would behave differently under RTD ≤ 260ns and 260ns < RTD ≤ CP. 
Proposal 3: Additional requirements can be considered if the UE can activate the inter-band SSB-less SCell within 3ms under RTD ≤ 260ns. Otherwise, single requirement is sufficient for RTD ≤ CP.
Proposal 4: The UE shall indicate the RTD or the set of RTD condition where applicable, so that network is aligned with UE on the expected behavior as well as the requirements it is supposed to meet.
Observation #2: The TAE value in use is not only dependent on co-located or non-collocated, but also relevant to intra-BTS or inter-BTS, BTS accuracy of synchronization and even the paths taken through the hardware of the base stations. “Co-located deployment” does not necessarily always imply a smaller TAE.
Observation #3: Changing the TAE requirement defined for the inter-band case (i.e.,3 us) may cause lots of compatibility issues in the existing networks.  
Proposal 5: The 3us TAE requirement shall be kept for the SSB-less discussion in inter-band co-located scenario.
Observation #4: For inter-band CA, the difference of reception power may vary up to 25dB. 
Proposal 6: RAN4 to discuss the UE behavior when reception power difference is within 6dB and when reception power difference is larger than 6dB and define the requirements correspondingly.
Proposal 7: RAN4 should study the impact from frequency separation between inter-band carriers to enable the SSB-less SCell operation. The details can be discussed in RF session.
Observation #5: Network may or may not be able to derive the QCL relation between the RSs of inter-band carriers hence the assumption of QCL configuration is not always true.
Proposal 8:  For FR1 inter-band SSB-less operation, the feasibility needs to be discussed considering both with and without QCL configuration between the RSs from inter-band carriers.
Observation #6: In Scenario 1, TRS may refer to the periodic TRS used for QCL relation or the aperiodic TRS used for fast SCell activation. 
Proposal 9: RAN4 to clarify what type of TRS is intended for SSB-less SCell operation in inter-band CA.
Observation #7: The following observations were noted from the simulation results: 
· When SCS = 15 kHz and until TO <= 97% of CP (i.e., until TO <= 4.5493 us), the PDSCH BLER performance is below 10% and the degradation of BLER (compared to 0% of CP case) is < 1 dB.  
· When SCS = 30 kHz and until TO <= 97% of CP (i.e., until TO <= 2,2698 us), the PDSCH BLER performance is below 10% and the degradation of BLER (compared to 0% of CP case) is < 1 dB.  
· For both SCS = 15 kHz and 30 kHz cases, when TO estimation and compensation is enabled, we can observe that the PDSCH BLER performance is within an acceptable range (i.e., below 10%) until TO is 97% of CP, and the degradation of BLER compared to 0% CP is < 1 dB.
Proposal 10: RAN4 to discuss the SCell activation delay for activating an inter-band co-located SSB-less SCell after the UE activation behaviour under certain side conditions is clarified. 
Observation #8: In SSB-less SCell operation, there is no SSB transmission hence not available for L1/L3 measurement. 
Proposal 11: The UE is not required to perform SSB-based L1/L3 measurements on the SSB-less SCells.
Observation #9: CSI-RS based L1/L3 measurements are up to network configuration. 
Proposal 12: RAN4 needs to discuss the impact on the CSI-RS based L1/L3 measurement requirements due to SSB-less SCell operation.
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