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Introduction
At RAN4#107 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. 
Scenarios with SSB-less operation
In last meeting, there was common understanding to prioritize scenario1, but there were different understandings on the implications in terms of the impact on RRM requirements. We will elaborate our views on the scenarios. 
Issue 1-1-1/2/3: Scenario 1 / 2 / 2a
· Agreements
· Continue RAN4 work on the following SSB-less SCell scenarios
· Scenario 1: SCell without SSB transmission and with TRS transmission
· Scenario 2a: SCell without SSB transmission and without any other DL transmissions, but with UL reception at the NW side
· Note: No RAN1 impacts are expected, and no RAN4 requirements will be defined if the scenario is not supported from RAN1 specification perspective.
· Deprioritize RAN4 work on the following SSB-less SCell scenario
· Scenario 2: SCell without SSB transmission and without TRS transmission
· Send LS to RAN1/2 to check on support of Scenario 2a from RAN1/2 specifications perspective
Scenario 1 is originated from the intra-band SSB-less scenario hence is well received during the discussion. In particular, the TRS is assumed being transmitted in the SCell as there is one side condition requiring the QCL relation with the RS of the SCell and the SSB of an active serving cell. 
TS 38.133 clause 8.3.2:
If the SCell being activated belongs to FR1 and if there is at least one active serving cell contiguous to the SCell on that FR1 band, if the UE is not provided with SSB configuration (absoluteFrequencySSB) nor SMTC configuration for the target SCell, Tactivation_time is 3 ms for UE supporting scellWithoutSSB, provided
-	The RTD between the target SCell and the contiguous active serving cell is within within ±260ns, and 
-	The difference of the reception power with the contiguous active serving cell is <= 6dB, and 
-	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. 
However, the activation time for intra-band SSB-less operation is defined as 3ms which means the TRS monitoring or measurement is not considered when activating the SCell. UE just applies the PCell information to SCell and performs channel measurement to report a valid CSI. Taking this as baseline, we should study if it is feasible to achieve 3ms activation delay for the inter-band SSB-less collocated scenario. From UE behavior point of view, it means the TRS monitoring is not needed when activating the SSB-less SCell. 
Observation #1: For intra-band SSB-less operation, TRS monitoring is not needed when activating the SSB-less SCell. 
Another interpretation of Scenario 1 was to use TRS to assist the SSB-less SCell activation. It was argued that the UE operating inter-band CA is receiving different carriers via separate Rx chains, which is different from the UE architecture assumed for intra-band operation. In this case, the UE cannot fully rely on PCell information, instead it needs to monitor the reference signals e.g. TRS on the SSB-less SCell at least for fine time tracking. Such TRS monitoring will increase the SCell activation delay so that the activation delay longer than 3ms is expected. 
Observation #2: If TRS monitoring is needed for activating the inter-band SSB-less SCell, the SCell activation delay longer than 3ms is expected. 
Proposal 1: RAN4 to study the SSB-less SCell operation for scenario 1 considering the following cases:
· Case 1: TRS monitoring is not needed for SSB-less SCell activation (i.e. 3ms SCell activation delay is achieved).
· Case 2: TRS monitoring is needed for SSB-less SCell activation (wherein >3ms SCell activation delay is expected).
Besides, when Scenario 1 is described as “no SSB but with TRS transmission”, it is unclear what type of TRS is referred to. In the existing intra-band SSB-less SCell activation, the TRS used for QCL relation is understood as the periodic TRS. But if TRS is used to assist SCell activation in Case 2 above, it could also be A-TRS as specified for fast SCell activation. RAN4 should clarify what type of TRS is intended for SSB-less SCell operation in above cases. 
Observation #3: In Scenario 1, TRS may refer to the periodic TRS used for QCL relation or the aperiodic TRS used for fast SCell activation. 
Proposal 2: RAN4 to clarify what type of TRS is intended for SSB-less SCell operation in Scenario 1.
Scenario 2a aims at UL-only operation on the SSB-less SCell. In last meeting, there was different understanding how the proposed UL-only solution works, how it differs from a supplementary UL (SUL) operation and if there is any impact to RAN1/2. Although the LS was not able to be sent eventually, the UL-only solution and the impact to RAN1/2 still needs to be elaborated. 
Observation #4: The UL-only operation on the SSB-less SCell in Scenario 2a and the impact to RAN1/2 still needs to be elaborated. 
In any case, as Scenario 1 is originated from intra-band SSB-less SCell operation, we suggest RAN4 prioritize the study of FR1 inter-band SSB-less operation in this scenario. 
Proposal 3: RAN4 to prioritize the SSB-less SCell operation for FR1 inter-band collocated CA in Scenario 1. 
Side conditions
RTD condition
In last meeting, the RTD conditions were discussed in scenario 1 and the following sets were agreed for further study for requirements definition. 
Issue 1-2-1: RTD conditions for scenario 1
· Agreements
· Further consider the following cases for requirements definition
· Set 1: RTD ≤ 3us + X (X is FFS)
· Set 2: 260ns < RTD < min(CP, 3us) 
· note: the CP corresponding to the largest SCS across CCs
· Set 3: RTD ≤ 260ns
· FFS whether all subsets are feasible from UE implementation perspective

As illustrated in Fig.1, the RTD at the UE side is derived from TAE between the PCell and SCell transmission timing and the difference on the propagation delay (PL). 
[image: ] 
Fig.1 Inter-band collocated CA
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 #5: 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 #6: 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 4: The 3us TAE requirement shall be kept for the SSB-less discussion in inter-band co-located scenario.
Instead of changing TAE requirement, a sensible way to ensure SSB-less SCell operation is to define RTD conditions in RRM. For intra-band SSB-less operation, a list of side conditions has been specified including RTD, power difference, QCL relation etc. It is reasonable to apply the same methodology and define one or more sets of RTD conditions under which the UE is expected to support SSB-less operation for network energy saving. This can also ensure the SSB-less operation and minimize the impact to existing network deployment. 
Proposal 5:  RAN4 to define one or more sets of RTD conditions in RRM to ensure SSB-less operation.
From last meeting, three sets of RTD conditions were listed for further discussion with the value of up to 3+X us. In our understanding, for each set of RTD condition we need to discuss 1) if the UE is able to support SSB-less operation and 2) what SSB-less operation the UE is expected to perform. 
Based on our simulation result in [2], the UE is able to receive different carriers without performance degradation when RTD is within CP/2. It means the UE can reuse the timing from PCell (or the reference cell) without monitoring SSB from the SSB-less SCell. Hence the UE is potentially able to support the SSB-less operation at least under Set 2 till CP/2 and Set 3. 
Observation #7: The UE is able to reuse PCell timing for SSB-less SCell without performance degradation when RTD is within CP/2. 
When RTD exceeds CP/2, the performance degradation is observed hence the PCell timing cannot be applied to SCell alone. However, the TRS on SCell can be used for fine time tracking to support the SSB-less operation. If the TRS-based timing offset compensation is applied, the UE is able to track the timing on SCell without SSB transmission and without performance degradation, at least, when RTD is within CP.  
Observation #8: The UE is able to track the timing on SSB-less SCell with assistance of TRS and without performance degradation, when RTD is between CP/2 and CP. 
When RTD is larger than CP, as understood from RAN1, the UE is able to acquire the time/frequency synchronization if sufficient number of TRSs are measured on the SCell (in theory up to 2*symbol length timing offset between PCell and Scell). But this would require a long time period to activate the SCell. In any case, the feasibility of using TRS alone to activate the SCell needs to be verified by RAN1. Therefore, the UE shall be able to support the SSB-less operation at least when RTD is within CP i.e. Set 2 and Set 3. And the feasibility of SSB-less operation in case of Set 1 needs to be checked by RAN1. 
Observation #9: The feasibility of using TRS alone to activate the SCell needs to be verified by RAN1 when RTD is exceeds CP. 
Proposal 6: The UE shall be able to support the SSB-less operation at least when RTD is within CP i.e. Set 2 and Set 3. And the feasibility of SSB-less operation when RTD exceeds CP needs to be checked by RAN1. 

Besides feasibility, how the UE performs SSB-less operation needs to be discussed. For instance, some companies argued the UE can directly apply the PCell information and activate the SCell within 3ms as it does for intra-band CA if the RTD is in Set 3. While the UE needs to monitor TRSs on the SCell at least for fine time tracking if RTD is in Set 2. Under different set of RTD condition, the UE behaviour could be different. Therefore, RAN4 needs to discuss the SSB-less operation (if feasible) for different sets of RTD conditions respectively. 
Proposal 7:  RAN4 to discuss the SSB-less operation (if feasible) for different sets of RTD conditions respectively.
As the RTD value varies at UE side pending on the TAE in deployment, the propagation delay etc., the network does not know if the UE is able to support SSB-less operation or how the UE is performing SSB-less operation e.g. if different UE behaviours are expected under Set 2 and Set 3. 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 meet. 
Proposal 8: 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.

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 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 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 between 6dB and 25dB.
Observation #10: The difference of reception power is expected to vary between 6dB and 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 feasibility and corresponding UE behavior when reception power difference is within 6dB and when reception power difference is larger than 6dB respectively. 
Issue 1-2-4: Power difference conditions for scenario 1
FFS:
· Proposal 1: The difference of the reception power with the FR1 inter-band active serving cell is within 6dB (Apple, CATT, Intel, MTK, CTC, CMCC, Vivo, Huawei, ZTE)
· Proposal 1a: For a UE using single RF chain, the difference of the reception power with the FR1 inter-band active serving cell is within 6dB (Ericsson, CMCC)
· Proposal 1b: Reception power difference between the reference cell with applying transmit power compensation and SSBless SCell is within 6dB. (QC)
· Proposal 2: For a UE using dual RF chains, the maximum power difference UE can handle is FFS, and RAN4 to study whether UE can use TRS transmission in scenario 1 for computing AGC (Ericsson)
· Proposal 2a: For a UE using dual RF chains, the maximum power difference UE can larger than 6dB, the SCell activation delay should be further studied. (CMCC)
· Proposal 3: The difference of reception power is expected to vary between 6dB and 25dB. (Nokia)
Proposal 9: 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.

Other side conditions
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 feasible range of frequency separation to enable the SSB-less SCell operation. 
Proposal 10: RAN4 should study the feasible range of frequency separation between inter-band carriers to enable the SSB-less SCell operation. 
About TCI state listed in the WF, we wonder if this indicates the QCL relation between the RSs from inter-band carriers. Although the QCL is up to network configuration, this should not be assumed always indicated considering different network deployment. The feasibility needs to be discussed considering both with and without QCL relation between the RSs from inter-band carriers. 
Proposal 11:  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.

Feasibility study
In the last RAN4#107 meeting, the following was proposed for further study regarding the performance evaluation of the feasibility studies: 
Issue 1-2-10: Performance evaluation for feasibility study
FFS
· Proposal 1: RAN4 to discuss and agree that the performance evaluation metrics to establish the feasibility of SSB-less SCell operation include at least metrics related to the demodulation performances of the PDSCH transmitted by the SSB-less SCell (e.g. BLER). (Nokia)
· Proposal 2: For all Scenario 1, 2 and 2a, no need to perform PDCCH/PDSCH performance evaluation. (ZTE)
· Proposal 2a: For band combination with small frequency domain separation, no need to carry out the performance evaluation. (CTC)
Here, we provide an overview of the study and the observations obtained via the initial set of simulations. The reader is referred to our related simulation paper [2] for further details.
In the simulations, we have considered only the SCell, and assume that SCell performs SSB-less operation.  The signals received at the UE from the PCell and SCell are related via TAE and RTD parameters. We introduce a timing offset (TOs) in the simulations to emulate the impact of RTD/TAE on BLER performance of PDSCH. We evaluated the BLER performance of PDSCH for different SCSs by varying the TO. Note that we have not evaluated the impact of frequency offset yet. Furthermore, we have not applied any TRS-based timing offset compensation mechanisms, so that we can observe the worst case BLER for given TOs. 
Observation #11: The following observations were noted from the simulation results: 
· When SCS = 15 kHz, the PDSCH BLER performance is below 10% until TO <= 45% of CP (i.e., until TO <= 2.1105 us).  
· When SCS = 15 kHz, the PDSCH BLER performance is unacceptable (> 10%) when TO = 3 us (i.e., 64% of CP) and the SNR < 24.02 dB. However, acceptable BLER performance can be obtained at higher SNR.
· When SCS = 15 kHz, the PDSCH BLER performance is unacceptable (> 10%) when TO > 3 us (i.e., 64% of CP).When SCS = 30 kHz, the PDSCH BLER performance is below 10% until TO <= 45% of CP (i.e., until TO <= 2.1105 us). 
· When SCS = 30 kHz, the PDSCH BLER performance is unacceptable (> 10%) when TO = 3 us (i.e., 128 % of CP).
· For both SCS = 15 kHz and 30 kHz cases, and when RTD < CP/2, we can observe that the PDSCH BLER performance is within an acceptable range (i.e., below 10%). However, when RTD > CP/2 the BLER performance is degraded for both these SCSs (i.e., larger than 10%) without TO compensation.
RRM impact due to SSB-less operation
It was agreed in RAN4#106bis-e to define the SSB-less based SCell activation delay, but this shall be based on the feasibility study. RAN4 can discuss the SCell activation delay requirements after feasibility study is concluded. 
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 12: RAN4 to discuss the SCell activation delay for activating an inter-band co-located SSB-less SCell after the feasibility study is concluded. 
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 as suggested in Proposal 1, there is no SSB transmission hence not available for L1/L3 measurement as indicated in Fig.1. In any case, the UE is not required to perform SSB-based L1/L3 measurements on the SSB-less SCells. 
Issue 2-4-1: Scenario for L1 measurement operation on the SSB-less SCell apart from SCell activation procedure
· Candidate Options: 
· Option 1: No SSB but with CSI-RS resource for L1 measurement on the inter-band SSB-less SCell
· Option 2: No SSB and No CSI-RS resource for L1 measurement on the inter-band SSB-less SCell
Issue 2-4-2: Scenario for L3 measurement operation on the SSB-less SCell apart from SCell activation procedure
· Candidate Options: 
· Option 1: No SSB but with CSI-RS resource for L3 measurement on the inter-band SSB-less SCell
· Option 2: No SSB and No CSI-RS resource for L3 measurement on the inter-band SSB-less SCell
Issue 2-4-3: L1/L3 measurement operation on the SSB-less SCell
· Candidate Options: 
· Option 1: given that the SSB-less SCell can fully leverage the information from an already activated serving cell, the corresponding L1/L3 measurements can be skipped.
· Option 2: For UE deriving SSB-less SCell L1/L3 measurements results by performing L1/L3 measurements on PCell or another SCell, whether and how to assist UE to determine the coverage of SSB-less SCell should be further investigated. 
· Option 3: The UE is not required to perform SSB-based L1/L3 measurements on the SSB-less SCells. The CSI-RS based L1/L3 measurement requirements need to be specified for SSB-less SCell operation.
Observation #12: In SSB-less SCell operation, there is no SSB transmission hence not available for L1/L3 measurement. 
Proposal 13: The UE is not required to perform SSB-based L1/L3 measurements on the SSB-less SCells.
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 #13: CSI-RS based L1/L3 measurements are up to network configuration. 
Proposal 14: 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:
Observation #1: For intra-band SSB-less operation, TRS monitoring is not needed when activating the SSB-less SCell. 
Observation #2: If TRS monitoring is needed for activating the inter-band SSB-less SCell, the SCell activation delay longer than 3ms is expected. 
Proposal 1: RAN4 to study the SSB-less SCell operation for scenario 1 considering the following cases:
· Case 1: TRS monitoring is not needed for SSB-less SCell activation (i.e. 3ms SCell activation delay is achieved).
· Case 2: TRS monitoring is needed for SSB-less SCell activation (wherein >3ms SCell activation delay is expected).
Observation #3: In Scenario 1, TRS may refer to the periodic TRS used for QCL relation or the aperiodic TRS used for fast SCell activation. 
Proposal 2: RAN4 to clarify what type of TRS is intended for SSB-less SCell operation in Scenario 1.
Observation #4: The UL-only operation on the SSB-less SCell in Scenario 2a and the impact to RAN1/2 still needs to be elaborated. 
Proposal 3: RAN4 to prioritize the SSB-less SCell operation for FR1 inter-band collocated CA in Scenario 1. 
Observation #5: 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 #6: 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 4: The 3us TAE requirement shall be kept for the SSB-less discussion in inter-band co-located scenario.
Proposal 5:  RAN4 to define one or more sets of RTD conditions in RRM to ensure SSB-less operation.
Observation #7: The UE is able to reuse PCell timing for SSB-less SCell without performance degradation when RTD is within CP/2. 
Observation #8: The UE is able to track the timing on SSB-less SCell with assistance of TRS when RTD is between CP/2 and CP. 
Observation #9: The feasibility of using TRS alone to activate the SCell needs to be verified by RAN1 when RTD is exceeds CP. 
Proposal 6: The UE shall be able to support the SSB-less operation at least when RTD is within CP i.e. Set 2 and Set 3. And the feasibility of SSB-less operation when RTD exceeds CP needs to be checked by RAN1. 
Proposal 7:  RAN4 to discuss the SSB-less operation (if feasible) for different sets of RTD conditions respectively.
Proposal 8: 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 #10: The difference of reception power is expected to vary between 6dB and 25dB. 
Proposal 9: 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 10: RAN4 should study the feasible range of frequency separation between inter-band carriers to enable the SSB-less SCell operation. 
Proposal 11:  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 #11: The following observations were noted from the simulation results: 
· When SCS = 15 kHz, the PDSCH BLER performance is below 10% until TO <= 45% of CP (i.e., until TO <= 2.1105 us).  
· When SCS = 15 kHz, the PDSCH BLER performance is unacceptable (> 10%) when TO = 3 us (i.e., 64% of CP) and the SNR < 24.02 dB. However, acceptable BLER performance can be obtained at higher SNR.
· When SCS = 15 kHz, the PDSCH BLER performance is unacceptable (> 10%) when TO > 3 us (i.e., 64% of CP).When SCS = 30 kHz, the PDSCH BLER performance is below 10% until TO <= 45% of CP (i.e., until TO <= 2.1105 us). 
· When SCS = 30 kHz, the PDSCH BLER performance is unacceptable (> 10%) when TO = 3 us (i.e., 128 % of CP).
· For both SCS = 15 kHz and 30 kHz cases, and when RTD < CP/2, we can observe that the PDSCH BLER performance is within an acceptable range (i.e., below 10%). However, when RTD > CP/2 the BLER performance is degraded for both these SCSs (i.e., larger than 10%) without TO compensation
Proposal 12: RAN4 to discuss the SCell activation delay for activating an inter-band co-located SSB-less SCell after the feasibility study is concluded. 
Observation #12: In SSB-less SCell operation, there is no SSB transmission hence not available for L1/L3 measurement. 
Proposal 13: The UE is not required to perform SSB-based L1/L3 measurements on the SSB-less SCells.
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 #13: CSI-RS based L1/L3 measurements are up to network configuration. 
Proposal 14: 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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