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In this contribution, we provide our views on SSB less SCell activation. 
Discussion
In last meeting following scenarios are further agreed for prioritization of study of SSB less SCell operation in FR1 inter-band collocated CA.
· 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
Receive time difference  
In general, we can represent receive time difference (RTD) using following equation.

Where:
·  is time alignment error.
· is time of arrival difference of DL signals.
· is the radio channel delay dispersion of signals
As per current specification shown below, the time alignment error for inter-band CA is 3µs. 
For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
The time alignment error requirements for NB-IoT are specified in TS 36.104 [13] clause 6.5.3.
Even when the cells are co-located, the RF propagation difference could be different for different bands due to different channel characteristics and due to dependent deployment environment. RF propagation difference and radio channel delay dispersion delay may look different for the same band combination based on the deployment scenario considered.  These two factors combined can be considered as δ1. With existing TAE requirement, the expected RTD is 3µs+ δ1. The main role of RTD in SSB less SCell operation is whether UE can perform timing acquisition for a given RTD value. To analyse whether UE can perform timing acquisition or not we need to understand the timing acquisition assumption in legacy SCell activation. As per our understanding, in legacy SCell activation, UE acquire the timing in two steps called coarse timing and fine timing. With RTD of 3µs+ δ1, we look at whether SSB less SCell operation work for scenario 1, 2 and 2a. Which means we look at whether UE can acquire coarse and fine timing for different scenarios.
Scenario 1: No SSB but TRS transmission present 
In last meeting, for scenario 1 is agreed as a scenario where there is no SSB transmission from SCell, but TRS can be assumed to be transmitted. However, there is no agreement on whether TRS can be used for SSB less SCell activation. We assume TRS transmission during the SCell activation for further analysis.   
Since there is no timing requirement for coarse timing acquisition in legacy SCell activation, we can think of coarse timing as an assistance information for UE to acquire fine timing using TRS.   For SSB, UE can acquire timing of symbol boundary using time domain correlation but if TRS is used as a reference resource for timing acquisition, UE need to acquire timing in frequency domain. That means reference cell and the TRS for timing acquisition should be within the CP so that UE can estimate the symbol boundary containing the TRS by decoding it in frequency domain. for UE could achieve the coarse timing from the active serving cell on the other band.    
For 15kHz SCS, CP is 4.7 us and unless δ1 is more than 1.6µs (RTD=3µs+ δ1), UE can determine coarse and fine timing acquisition till RTD of 4.7µs.  
Proposal 1:  SSB less SCell activation would work when RTD is less than 4.7µs for Scenario 1 when SCS of reference cell is 15kHz. For existing TAE of 3µs, SSB less SCell activation would work.
For 30kHz SCS, cyclic prefix is 2.35µs and RTD has to be within the 2.35µs for UE to estimate timing using TRS in frequency domain under current implementation. 
Proposal 2:  SSB less SCell activation would work when RTD is less than 2.35µs for Scenario 1 when SCS of reference cell is 30kHz. 
Having said that, if NES feature has to be implemented in legacy deployments, RAN4 should look at potential solutions for UE to acquire fine timing when the TAE is 3µs and CP is 2.35µs. 
Proposal 3:  RAN4 to study potential solutions for UE to acquire timing when the TAE is 3µs and reference cells SSB is 30kHz.
a. One potential solution is tightening TAE to 2.3µs
b. Other solutions are FFS
In last meeting it was further agreed following set of RTD values for considering the requirements definition. 
· 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

Based on proposal 1, 2 and 3, we think RAN4 can define requirements for SET1 to start with. For scenario 1 with TRS used during SCell activation procedure, we do not see a need or feasibility of achieving RTD less than 260ns. Hence, we think SET3 is not feasible.
Proposal 4:  RAN4 to consider defining requirements for SET1 (RTD ≤ 3us + X (X is FFS)) to start with. Further RAN4 to agree that SET3 (RTD ≤ 260ns) is not feasible from NW point of view. 
Scenario 2a: No SSB and No DL transmission 
Before analysing under what conditions, the SSB less SCell activation would work, we look at the legacy SSB less requirements for intra-band CA case. 
	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. 


Based on the highlighted sentence above, in legacy operation UE implementations may have assumed to have TRS signals activated even for SSB less SCell operation. Before studying under what conditions SSB less SCell will work, first we need to study whether UE can work without TRS being transmitted at all in the DL.
Proposal 5:   RAN4 to study whether transmitting no TRS would work or not.
[bookmark: _Hlk134729955]If UE do not work without any TRS transmission at all from cell at any stage of the operation, NW need to transmit TRS at least occasionally. If the 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. If occasional TRS transmission is allowed from the NW, we think scenario 2 and scenario 2a are not valid scenarios.
Proposal 6:   If UE cannot work without any TRS at all during any stage of the data transmission, RAN4 to agree that scenario 2a is not a valid scenario. 
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 7:  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. 
Proposal 8:  For a UE using single RF chain, and NW using same RU, for scenario 1, 2 or 2a, the maximum power difference is 6.0dB.
In case of dual RF chain are used at the UE, UE may be capable of handling higher power differences (e.g., 25dB). One method of obtaining AGC for dual RF chains may be using TRS transmission. RAN4 to study A-TRS being used for AGC settling at the UE.
Proposal 9:  For a UE using dual RF chains, the maximum power difference UE can handle is 25dB.
Proposal 10:  NW can indicate the power difference between the reference cell and target cell to UE to compensate the AGC gain.
Proposal 11:  For a UE using dual RF chains, RAN4 to study whether UE can use TRS transmission in scenario 1 for computing AGC.  
Similar to the arguments in the previous section, 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 the 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 and whether TRS can be used AGC can be further studied.  
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 12:  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 information
In FR1, indicating spatial relation information through TCI state activation is 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 13:  TCI state indication may not be needed to complete the SSB less SCell activation.
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 .
[image: ]
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 14:  RAN4 to agree to introduce UE capability to indicate which bands UE can support SSB less operation. 
Proposal 15:  ​ RAN4 to agree to introduce NW flag to further indicate in which bands SSB less operation will be configured. 
Proposal 16:  If the proposal 12 is agreed, RAN4 can send LS to RAN2 to introduce the UE capability signalling. 
Summary and Conclusion
In this contribution we have provided our views on SSB less SCell operation and made following proposals:
Proposal 1:  SSB less SCell activation would work when RTD is less than 4.7µs for Scenario 1 when SCS of reference cell is 15kHz. For existing TAE of 3µs, SSB less SCell activation would work.
Proposal 2:  SSB less SCell activation would work when RTD is less than 2.35µs for Scenario 1 when SCS of reference cell is 30kHz. 
Proposal 3:  RAN4 to study potential solutions for UE to acquire timing when the TAE is 3µs and reference cells SSB is 30kHz.
a. One potential solution is tightening TAE to 2.3µs
b. Other solutions are FFS
Proposal 4:  RAN4 to consider defining requirements for SET1 (RTD ≤ 3us + X (X is FFS)) to start with. Further RAN4 to agree that SET3 (RTD ≤ 260ns) is not feasible from NW point of view. 
Proposal 5:  RAN4 to study whether transmitting no TRS would work or not.
Proposal 6:  If UE cannot work without any TRS at all during any stage of the data transmission, RAN4 to agree that scenario 2a is not a valid scenario. 

Proposal 7:  RAN4 to study and specify SSB less SCell feasibility conditions and requirements for DL only SSB SCell and DL+UL SSB less SCell. 
Proposal 8:  For a UE using single RF chain, and NW using same RU, for scenario 1, 2 or 2a, the maximum power difference is 6.0dB.
Proposal 9:  For a UE using dual RF chains, the maximum power difference UE can handle is 25dB.
Proposal 10:  NW can indicate the power difference between the reference cell and target cell to UE to compensate the AGC gain.
Proposal 11:  For a UE using dual RF chains, RAN4 to study whether UE can use TRS transmission in scenario 1 for computing AGC.  
Proposal 12:  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 13:  TCI state indication may not be needed to complete the SSB less SCell activation.
Proposal 14:  RAN4 to agree to introduce UE capability to indicate which bands UE can support SSB less operation. 
Proposal 15:  ​ RAN4 to agree to introduce NW flag to further indicate in which bands SSB less operation will be configured. 
Proposal 16:  If the proposal 14 and 15 is agreed, RAN4 can send LS to RAN2 to introduce the UE capability signalling. 
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