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Introduction
In RAN4 #110bis meeting, some issues left in the core part were discussed. Accordingly, the latest progress was captured in WF [1]. In this paper, we would like to provide our thinking on the remain issues on inter-band SSB-less SCell and NES-based CHO.
Discussion on maintenance of inter-band SSB-less SCell
<On SSB-less SCell operation where both intra-band and inter-band reference cells are available>
In current TS 38.133, as in [2], inter-band SSB-less operation seems to be an operation that could be configured in parallel with intra-band SSB-less operation.
	8.3.2	SCell Activation Delay Requirement for Deactivated SCell
…
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. 
For a UE supporting [scellWithoutSSB-interband], if the SCell being activated belongs to FR1 and if the UE is not provided with SSB configuration (absoluteFrequencySSB) in the target SCell (FrequencyInfoDL) nor SMTC configuration for the target SCell, and if there is one collocated active reference serving cell on different FR1 band, when the following conditions are fulfilled,
-	The RTD between the target SCell and the collocated reference serving cell is within CP where CP is corresponding to the SCS of SSB-less SCell, and 
-	The [EPRE] difference at the UE is smaller than or equal to [9] dB, where, [EPRE] difference is the power difference between TRS/A-TRS symbol on the SSB-less SCell and SSB symbol on the reference serving cell [after the compensation for AGC], and
-	The RS(s) of the SSB-less SCell being activated is (are) QCL-TypeA with TRS(s) of the SSB-less SCell being activated, and the TRS(s) of the SSB-less SCell being activated is (are) further QCL-TypeC with SSB(s) of an inter-band active serving cell, and the inter-band active serving cell shall be same as the reference serving cell.
where the reference serving cell can be indicated by higherlayer parameter [SSB-less-Referencecell]. If UE is not indicated with [SSB-less-Referencecell], the reference serving cell is assumed to be the QCL-typeC source cell if there is only one active QCL-typeC source cell configured.




Technically, for intra-band SSB-less operation, at least for the intra-band contiguous CA case, UE is equipped with only one RF chain. In this case, the timing and AGC of the SSB-less SCell is directly derived from the active serving cell in the same band.
However, for inter-band SSB-less operation, UE needs to use the timing and AGC from another band. Whether and how UE can do this is up-to UE implementation, and UE capability is already designed for this in RAN2. Clearly the solution would be more complicated than the R15 intra-band case.
Therefore, as long as the network can provide one intra-band contiguous active serving cell for an SSB-less SCell, we do not see the need to apply the reference cell indicated for the inter-band SSB-less operation. Note that at least for the intra-band contiguous CA case, gNB may share the same RF chain and only co-located scenario shall be assumed.
Note that intra-band contiguous CA is an R15 UE feature. Any UE supporting R15 intra-band contiguous SSB-less operation would regard the intra-band active serving cell as timing reference, no matter R18 indication is provided or not. Hence, R18 signaling for reference cell should not override R15 UE behaviour.
Proposal 1: At least if UE have one intra-band contiguous active serving cell, the UE shall ignore the inter-band R18 reference configuration for SSB-less SCell, i.e. UE only use the intra-band contiguous active serving cell as the reference for the SSB-less SCell.
An issue relevant to this would be the intra-band non-contiguous CA. In R18 the non-co-located case for intra-band CA is also supported. Therefore, the scenario here considered in R18 maintenance phase would be slighted complicated. UE with or without the capability in dealing with R18 non-co-located intra-band CA would both need to be considered. Moreover, UE equipped with either single RF chain or multiple RF chains would both need to be considered. Therefore, we slightly prefer to deprioritize the discussion of intra-band non-contiguous CA to future release.
Proposal 2: Intra-band SSB-less operation considering intra-band non-contiguous and co-located CA is not supported in R18.
<On AGC compensation>
In current TS 38.133, as in [2], the highlighted part is still in square bracket.
Generally, we do NOT see companies have common understanding on what kind of compensation UE shall do. Moreover, from testability perspective, the EPRE difference at the antenna connector shall be considered, and how UE deal with all other impact, including pathloss difference, would be up to UE implementation without RRM requirements, since they are generally not testable. Therefore, the compensation of AGC could be removed. Without that, the requirement are still clear enough.
Proposal 3: The ‘[after the compensation for AGC]’ is removed from RRM requirements.
Discussion on maintenance of NES-based CHO
	[bookmark: _Hlk163639675]Issue 1-2-1: Whether to differentiate requirements wrt Cell turning off.
Agreement:
· RAN4 will not define Cell switch off specific requirements/behaviour when receiving NES indication for CHO unless there is new agreement from other working group which can explicitly indicate “cell switch off”.
Issue 1-2-2: When CHO condition is not met anymore
Discuss in the CR directly.




Fig.1 the timeline of delay requirement on NES-based conditional handover
For NES-based conditional handover, the above two issues were discussed in RAN4#110bis meeting. For the case that using DCI 2-9 to trigger cell turning off, it was agreed that no requirements will be defined in RAN4 unless there are further progress from other working group. While for the case that if the CHO condition has been met but is not any more fulfilled when receiving the DCI 2-X command, companies failed to reach consensus on how to implement CR. To make it clear, we will provide our thinking on this issue with the help of the above Fig.1.
	RAN2 agreement in RAN2#125bis meeting
· Understanding is that “The fulfilment of the event includes the case that the NES mode indication has been received [Cond 1] and the entry condition is now fulfilled [Cond 2]”.  No need to update the specifications
· No further clarification to continue measurement and CHO evaluation is necessary for the case UE now receives NES mode-enabled indication while NES CHO event is not yet fulfilled, and for the case NES CHO event is now fulfilled and UE has received a NES mode-enabled indication.



[bookmark: _Hlk156813136]After receiving RRC message implying NES-based handover, UE performs measurement periodically to check if entry condition is fulfilled. The checking points are shown as measurement Point 1/2/3/4 in Fig.1. Due to the existence of sufficient good channel condition at Point 5 and Point 6, UE realizes that entry condition is met at measurement Point 1 and Point 3, respectively. Based on the latest agreement reached in RAN2 as above, NES-based CHO will be triggered only when both Cond1 and Cond2 are fulfilled. That is to say, the Point 5 which the condition exists is not the actual ending point of TEvent_DU referred in spec description. After Point 5, the channel condition gets worse until Point 6 comes. Since UE realizes the entry condition is met at measurement Point 3 and subsequently receives DCI 2-9, the Point 6 becomes to the actual time point mentioned in definition of TEvent_DU. 
To clearly describe every timing point which is referred to in the spec, it can be started with two constraints as follows: 
· Constraint 1: The time gap between the time point that a condition exists (i.e., Point 6) and the time point hat UE actually realizes the entry condition is met (i.e., measurement Point 3) shall be less than Tidentify_intra_with_index or Tidentify_intra_without_index
· Constraint 2: The time gap between the time point that UE actually realizes the entry condition is met (i.e., measurement Point 3) and the time point that UE successfully decodes DCI 2-9 shall be less than Tidentify_intra_with_index or Tidentify_intra_without_index
For the constraint 2, it has already been reflected in the following highlighted description. And the ambiguity in current spec mainly lies in the ending point of TEvent_DU. Based on above two constraints, to consider the worst case, the time gap between the time point that a condition exists (i.e., Point 6) and the time point UE successfully decodes DCI 2-9 shall be less than 2* Tidentify_intra_with_index or 2*Tidentify_intra_without_index. Correspondingly, for reference, we provide one modification way to adapt the actual ending point of TEvent_DU to Point 6.
		TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until
-	a condition exists at the measurement reference point which will trigger the conditional handover, or 
-	a condition exists within 2*Tidentify_intra_with_index or 2*Tidentify_intra_without_index before UE successfully decodes DCI 2-9, at the measurement reference point which will trigger the NES-based conditional handover



	6.1.4.2.1	Handover delay
Procedure delays for all procedures that can command a conditional handover are specified in TS 38.331 [2].
When the UE receives a RRC message implying conditional handover the UE shall be ready to start the transmission of the new uplink PRACH channel within DCHO seconds from the end of the last TTI containing the RRC command.
	DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
Where:
	TRRC is the RRC procedure delay defined in clause 12 in TS 38.331 [2].
	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until
[bookmark: OLE_LINK3]-	a condition exists at the measurement reference point which will trigger the conditional handover, or 
-	a condition exists at the measurement reference point which will trigger the NES-based conditional handover
	Tmeasure is the measurements time stated in clause 6.1.4.2.2.
	TCHO_execution is the conditional execution preparation time in clause 6.1.4.2.3. 
	Tinterrupt is the interruption time stated in clause 6.1.4.2.4.
The NES-based conditional handover delay requirements shall apply if UE receives a RRC message implying conditional handover before receiving the NES indication in DCI 2-9 command.
When UE receives a RRC message implying NES-based conditional handover but no NES indication in DCI 2-9 command, or when UE only receives a NES indication in DCI 2-9 command before receiving a RRC message implying NES-based conditional handover, no NES-based conditional handover requirement is applied.
For NES-based conditional handover, UE shall start RRM measurement before receiving the NES indication in DCI 2-9 command. The NES indication is specified in clause [5.5.4] in TS 38.331[2].
6.1.4.2.2	Measurement time
The measurement time delay is defined from the end of TEvent_DU until UE executes a handover to a target cell and interruption time starts.
For conditional intra-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify intra with index or Tidentify_intra_without_index defined in clause 9.2.5.1 or clause 9.2.6.2. 
For conditional inter-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify_inter_with_index or Tidentify_inter_without_index defined in clause 9.3.4 or clause 9.3.9.
For NES-based conditional intra-frequency handover:
-	If UE successfully decodes DCI 2-9 command earlier than the time at the end of TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equal to Tidentify_intra_with_index or Tidentify_intra_without_index
-	If UE successfully decodes DCI 2-9 command later than the time at the end of TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equals to the time from the end of Tevent_DU until UE successfully decodes DCI 2-9 command.
For NES-based conditional inter-frequency handover:
-	If UE successfully decodes DCI 2-9 command earlier than the time at the end of TEvent_DU + Tidentify_inter_with_index or TEvent_DU + Tidentify_inter_without_index, then the measurement time delay equal to Tidentify_inter_with_index or Tidentify_inter_without_index 
-	If UE successfully decodes DCI 2-9 command later than the time at the end of TEvent_DU + Tidentify_inter_with_index or TEvent_DU + Tidentify_inter_without_index, then the measurement time delay equals to the time from the end of Tevent_DU until UE successfully decodes DCI 2-9 command.
Editor Notes: The measurement time delay for NES-based conditional handover is FFS.
Editor Notes: TEvent_DU for NES-based conditional handover is FFS.
When TTT or L3 filtering is used an additional delay can be expected.
A cell is detectable only if at least one SSB measured from the cell being configured remains detectable during the time period Tidentify_intra_without_index or Tidentify_intra_with_index for intra-frequency handover or Tidentify_inter_without_index for inter-frequency handover. If a cell which has been detectable at least for the time period Tidentify_intra_without_index or Tidentify_intra_with_index for intra-frequency handover or Tidentify_inter_without_index for inter-frequency handover becomes undetectable for a period and then the cell becomes detectable again and triggers a handover, the measurement time delay shall be less than TSSB_measurement_period_intra or TSSB_measurement_period_inter provided the timing to that cell has not changed more than ± 3200/ Tc while the measurement gap has not been available and the L3 filter has not been used, where µ is the SCS configuration as defined in clause 4.2 of TS 38.211 [3]. When L3 filtering is used, an additional delay can be expected.
6.1.4.2.3	Preparation time
TCHO_execution is the UE execution preparation time for conditional handover, and starts after UE realizes the condition of CHO is met and identity of the target cell is determined. TCHO_execution can be up to 10ms.



Moreover, based on the highlighted description, the measurement time delay (i.e., Tmeasure) includes two parts: one is the actual measure delay from UE, and another is the time duration from UE finished measurement to UE successfully decodes DCI 2-9. Correspondingly, for NES-based CHO, the starting point of TCHO_execution specified in highlighted part shall correspondingly adapt as the time point that UE successfully decodes DCI 2-9. We provide the example as follows.
	6.1.4.2.3	Preparation time
TCHO_execution is the UE execution preparation time for conditional handover. 
For conditional handover, and it starts after UE realizes the condition of CHO is met and identity of the target cell is determined. 
For NES-based conditional handover, it starts after UE successfully decodes DCI 2-9. TCHO_execution can be up to 10ms.



Proposal 4: For the delay requirement on NES-based CHO, RAN4 to revise the definition of TEvent_DU as follows:
TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until
· a condition exists within 2*Tidentify_intra_with_index or 2*Tidentify_intra_without_index before UE successfully decodes DCI 2-9, at the measurement reference point which will trigger the NES-based conditional handover
Proposal 5: RAN4 to revise the starting point of TCHO_execution as follows:
TCHO_execution is the UE execution preparation time for conditional handover. 
· For NES-based conditional handover, it starts after UE successfully decodes DCI 2-9.
Conclusions
Proposal 1: At least if UE have one intra-band contiguous active serving cell, the UE shall ignore the inter-band R18 reference configuration for SSB-less SCell, i.e. UE only use the intra-band contiguous active serving cell as the reference for the SSB-less SCell.
Proposal 2: Intra-band SSB-less operation considering intra-band non-contiguous and co-located CA is not supported in R18.
Proposal 3: The ‘[after the compensation for AGC]’ is removed from RRM requirements.
Proposal 4: For the delay requirement on NES-based CHO, RAN4 to revise the definition of TEvent_DU as follows:
TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until
· a condition exists within 2*Tidentify_intra_with_index or 2*Tidentify_intra_without_index before UE successfully decodes DCI 2-9, at the measurement reference point which will trigger the NES-based conditional handover
Proposal 5: RAN4 to revise the starting point of TCHO_execution as follows:
TCHO_execution is the UE execution preparation time for conditional handover. 
· [bookmark: _GoBack]For NES-based conditional handover, it starts after UE successfully decodes DCI 2-9.
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