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In this contribution, we provide our views on SSB less SCell activation. 
Discussion
In past few meetings, following scenarios are discussed for defining requirements. Further from last RAN meeting scenario 2a is not part of the Rel-18. Among Scenario 1 and Scenario 2, we think in Rel-18 we can first discuss Scenario 1 and if time permits, we can revisit scenario 2.
· Scenario 1: No SSB but TRS transmission present 
· Scenario 2: No SSB and NO TRS transmission present 
· Scenario 2a: No SSB and NO DL transmission present 

Proposal 1:  RAN4 to prioritize scenario 1 for SSB less SCell operation in Rel-18
In next section we discuss conditions under which scenario 1 is feasible.
Feasibility conditions for Scenario 1
Receive time difference (RTD)
In last meeting, RAN4 agreed on the following. 
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

From last meeting discussion there were couple of open issues. 
· When RTD ≤ CP, CP corresponds to which cell is FFS.
· Whether to keep any lower limit on the RTD value. 
In SSB less SCell operation, UE need to obtain downlink timing from the reference cell as UE is not expected to receive SSB on SCell. For SCell, UE will be operating data reception in DL using SCell FFT timing, which is configured or determined based on the SCell SCS. 
There can be two scenarios as shown in the figure 1. From the figure 1 we can see that in scenario 1, if UE chooses SCell symbol boundary from the PCell timing, as long as RTD is equal to SCell CP, UE do not loose part of the symbol due to wrong selection of the window or start of the symbol. In this scenario, we think RTD is less than CP of SCell, UE would be able to get rough timing for the SCell. 
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Figure 1: RTD relation between SCell and PCell

In the scenario 2, since PCell is operating at larger SCS, this case is not demanding for the UE. As long as RTD is within the SCell CP, in this scenario also UE would be able to get rough timing from the PCell timing. 
Hence, we think CP should be the SCell CP that should be considered for RTD relation to CP.
Proposal 2:  RAN4 to agree to define requirements for RTD ≤ CP, where CP corresponds to SCell SCS.
Other open issue is, whether to keep any lower limit on the RTD value. We think the argument for having RTD less than CP is faster SCell activation (3ms) like intra-band SSB less SCell operation. For intra-band SSB less SCell activation case, UE assumes TRS should be present to adjust the timing after the SCell activation. We do not seem much difference between having TRS during SCell activation or having TRS afterwards. If we have periodic TRS after SCell activation, UE may be operating for certain time with rough timing. Which can decrease the system throughput as rough timing may result in lower SNR and lower MCS as a result. 
If there are UEs which can work without TRS transmission, it makes sense to have UE capability and have lower limit for the RTD value. If there are NO UEs which can work without TRS transmission anyway, it is like we are trying to over optimise the feature by trying to reduce few milliseconds of SCell activation delay reduction (and allowing UE to work sometime with rough timing). Since this is the first time RAN4 is working on the SSB less SCell operation in inter-band, to make the solution not over complicated, we prefer to define single solution with A-TRS during SCell activation. 
Proposal 3:  RAN4 not to set lower limit on RTD value unless there is a UE capability for operating without periodic or aperiodic TRS transmission.
 
Another aspect RAN4 need to study is UL timing at the BS for the SSB less SCell when UE using active PCell or other active serving cell timing and TA to transmit to SSB less SCell UL. If UE is deriving SCell UL timing from the PCell, and if they are of different SCS, due to TA loop errors, it may have negative impact at the SCell. e.g., if PCell is at 15kHz and SCell at 30kHz, due to the smaller CP at 30kHz and larger TA errors at 15kHz, SCell. As we discussed in our companion paper in BS RF session, different SCS will result in different UL timing errors and for SCell to work in UL, following TAE has to be supported at NW.
	SCS of SSB
(kHz)
	SCS of UL 
(kHz)
	TAE

	15
	15
	3.0 µs

	15
	30
	680 ns

	30
	15
	3.0 µs

	30
	30
	1.2 µs



Based on different deployment scenarios, different NW may not support TAE value of 680ns. Having said that, this TAE value is needed only if NW has to configure UL for the SSB less SCell. We would like to point that, from Rel-15, NW can configure SCell to be DL only or DL + UL. If the NW would like to configure SSB-less SCell to be DL-only, then the TAE value would be less stringent, as the UL timing uncertainties would not apply. As we discussed in above section, DL only SSB less SCell can be supported with TAE value of 3µs for SCS of 15kHz and around 2.35µs for SCS of 30kHz. In summary, NW can configure SCell to be DL only or DL+UL from Rel-15. The same should be applicable for SSB less SCell also as it would align with NW energy saving motivation. 
Based on the above analysis we think the feasibility SSB less SCell further depends on whether only DL is configured or DL+UL configured for SSB less SCell. 
Proposal 4:  RAN4 to study and specify SSB less SCell feasibility conditions and requirements for DL only SSB SCell and DL+UL SSB less SCell. 
Reception power difference and reference timing
When SCell do not contain SSB, UE need to derive AGC from the other active serving cell. For the UE to use SSB on one cell to determine AGC on the other cell, either both the cells should be transmitting with same transmit power or the power difference between the cells should be within certain range so that deviation or difference in power levels between the cells can be handled by the UE with single AGC setting. 
For studying the power difference UE could handle, we may need to assume different UE architectures like using single RF for receiving on both the cells or using different RF chains for receiving separately on each cells. If UE is using single RF to receive on both the cells, from UE perspective maximum power difference UE may be able to handle is similar to intra-band CA power difference. However, from the NW side, NW may be using same or different RU based on the band combination. In case of dual RF chain are used at the UE, UE may be capable of handling higher power differences (e.g., 25dB). 
Observation 1: For a UE using single RF chain, and NW using same RU, for scenario 1, 2 or 2a, the maximum power difference as a side condition can be 6.0dB.
Observation 2: For a UE using dual RF chains, the maximum power difference UE can handle be larger power difference (e.g., 25dB).
Alternative method of obtaining AGC for dual RF chains may be using TRS transmission. If the UE can measure AGC using A-TRS, power difference side condition and NW indicating the power difference is not needed. From our perspective it the most preferable solution as it reduces the signalling overhead (e.g., as part of energy saving, NW can vary power based on the load situation of the cell. Indicating power difference every time is not practical. 
Proposal 5:  UE shall use TRS/A-TRS for computing AGC in scenario 1. There is no need to specify power difference side condition explicitly.  
TRS for SCell activation and reference cell

If UE do not work without any TRS transmission at all at any stage of the operation, NW need to transmit TRS at least occasionally. If NW must transmit TRS occasionally for UE to work, we do not see a reason why TRS should not be scheduled during the SCell activation.  TRS that can be used for SCell activation can be periodic or A-TRS. Following proposals are discussed in last meeting.
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)
As we discussed in previous sections, we think unless there is a UE capability for without periodic TRS operation, RAN4 should not focus on over optimising the feature to reduce the SCell activation delay. During the SCell activation we think A-TRS can be used for obtaining fine timing in faster manner. Please note that A-TRS based SCell activation is called as fast SCell activation in Rel-17 . We do not need to optimise fast SCell to be more faster in first release of NES WI.
Proposal 6:  RAN4 to define SSB less SCell activation with A-TRS 
Reference Cell
In previous meetings companies proposed that PCell can be used as reference cell for SSB less SCell to derive the coarse timing. However, we would like to point that collocated scenario may have multiple cells and NW may activate energy saving feature such as cell DTX and DRX on any cell at any time. If only PCell is configured as reference cell for SSB less SCell, NW may have to reconfigure the SCell just to indicate the new cell for conveying new reference cell. To avoid these frequent reconfigurations, NW should have flexibility to indicate a list of cells so that if one cell is deactivated or goes to energy saving mode, UE can use other cell in the list for deriving reference or coarse timing. When multiple cells are indicated as reference cells, UE may need to be indicated some priority mechanism to choose the reference cell to be used. The prioritization rules can be further studied. 
Proposal 7:  RAN4 to agree that reference cell for deriving the coarse timing to be a cell from the list of cells provided by NW. How to select the cell from the list of reference cells can be FFS. 
 
TCI state/QCL indication for Scenario 1
In last meeting following proposals were discussed.
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)
Since the proposal 1 is discussing about QCL type C, we think the relation proponents have in mind is for reference cell indication. We think reference cell indication for deriving reference timing is a separate discussion and we prefer to adapt proposal 7 for reference cell for deriving timing info for the SSB less SCell.  
In FR1, indicating spatial relation information through TCI state activation is not supported. The type of QCL relation UE can be configured with in FR1 is QCL type A/B/C. Further, since the two cells are in different band, we do not think NW can configure QCL type A between cells of different bands. Only QCL information UE can be configured is QCL type C as the cells are collocated. However, we are not sure in what sense this QCL type C information can be used at UE for SCell activation or operation.  UE need to know which cell to be used as reference cell to derive the fine timing of the cell. Since QCL type C do not indicate the level of sync between the two cells, we prefer using other method to indicate the reference cell to be used for deriving the coarse timing (and fine timing can be derived based on the TRS transmission). 
Hence, we think TCI state indication may not be needed for SSB less SCell activation.
Proposal 8:  TCI state indication is not needed to complete the SSB less SCell activation and reference timing is derived from explicit indication of the cell and not through QCL relation.

Band combinations 
SSB less operation is possible or not depends on gNB RU implementation and UE RF architecture to receive on these two bands. Whether the UE supports SSB-less operation for a target SCell activation or not mainly depends on UE’s implementation and RF architecture to receive on these bands. In other words, whether UE can derive or use other cells timing may depend on how these bands are received at the UE (i.e., using same RF or different RF). When different UEs may support SSB less operation based on their RF architecture, unless NW knows more information from the UE, NW do not know whether a UE can support SSB less operation or not for the target SCell. 
On the other hand, even if the UE supports or is capable of the SSB-less SCell operation for an inter-band CA combination, NW may not support it due to different Radio units (RU) design for different bands at different deployment locations. When different RUs are used, based on how these RUs are connected to baseband unit, the transmit timing difference that can be achieved at different RUs is different. Thus, even the UE supports the SSB-less SCell operation for an inter-band CA combination, NW may further indicate to not apply the SSB-less operation. RAN4 shall agree to introduce UE capability to indicate which bands UE can support SSB less operation and NW flag to further indicate whether the SSB-less operation will be applied in the band. Firstly, UE reports the band status to NW whether the target SCell being activated can apply SSB-less operation with the active serving cell(s)​ after each RRC reconfiguration​. Secondly, NW further check whether the target SCell being activated is a co-located ​and use the same RU or different RU with less hops between the RU and BBU. If NW has confidence on the TAE it can achieve, then NW activate the SSB.
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Figure 2. Example of UE RF architecture
For example, now NW configures PCell (B1), SCell (B1), based on the figure 1, B1, B2, B3 shares the same RF, UE can perform SSB-less activation, but not the cells in B4.​ In this example UE can report this information to NW and NW can decide to activate the SSB less operation based on the band combination capability received from the UE.
Proposal 9:  RAN4 to agree to introduce UE capability to indicate which bands UE can support SSB less operation. 
Proposal 10:  ​ RAN4 to agree to introduce NW flag to further indicate in which bands SSB less operation will be configured. 
Summary and Conclusion
In this contribution we have provided our views on SSB less SCell operation and made following proposals:
Proposal 1:  RAN4 to prioritize scenario 1 for SSB less SCell operation in Rel-18
Proposal 2:  RAN4 to agree to define requirements for RTD ≤ CP, where CP corresponds to SCell SCS.
Proposal 3:  RAN4 not to set lower limit on RTD value unless there is a UE capability for operating without periodic or aperiodic TRS transmission.
Proposal 4:  RAN4 to study and specify SSB less SCell feasibility conditions and requirements for DL only SSB SCell and DL+UL SSB less SCell. 
Proposal 5:  UE shall use TRS/A-TRS for computing AGC in scenario 1. There is no need to specify power difference side condition explicitly.  
Proposal 6:  RAN4 to define SSB less SCell activation with A-TRS 
Proposal 7:  RAN4 to agree that reference cell for deriving the coarse timing to be a cell from the list of cells provided by NW. How to select the cell from the list of reference cells can be FFS. 
Proposal 8:  TCI state indication is not needed to complete the SSB less SCell activation and reference timing is derived from explicit indication of the cell and not through QCL relation.
Proposal 9:  RAN4 to agree to introduce UE capability to indicate which bands UE can support SSB less operation. 
Proposal 10:  ​ RAN4 to agree to introduce NW flag to further indicate in which bands SSB less operation will be configured.
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