3GPP TSG RAN WG1 #117                                                        R1-2404032
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024

Agenda Item:	9.5.1
Source:	Spreadtrum Communications
Title: 	Discussion on on-demand SSB SCell operation
Document for:	Discussion and decision

Introduction
It was agreed in WID [1] to specify on-demand SSB for SCell operation.
	1. Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA. [RAN1/2/3/4]
· Specify triggering method(s) (select from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling)
· Note1: On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2 in non-shared spectrum.



Scenarios and cases
In RAN1#116 [2], at least the following scenarios (i.e. Scenario #2 and Scenario #3) were agreed to be   discussed.
	Agreement
For the following identified scenarios for on-demand SSB SCell operation, focus future RAN1 discussion to down-select (both may be selected) between the two scenarios.
· Scenario #2: SCell is configured to a UE but before the UE receives SCell activation command (e.g., as defined in TS 38.321)
· Scenario #3: After UE receives SCell activation command (e.g., as defined in TS 38.321)
· This does not preclude SCell for which activation is completed
· FFS: The case where SCell activation is completed
FFS: Application timing between NW triggering message and on demand SSB transmission


[bookmark: _GoBack]In RAN1#116bis [3], Scenario #2 and Scenario #3 were further elaborated. Scenario #2A, Scenario #3A and Scenario #3B were introduced, and at least Scenario #2 and Scenario #2A are can be supported.
	Agreement
For the identified scenarios and cases (as per RAN1#116 agreement), on-demand SSB can be triggered by gNB at least for the following scenarios/cases:
· Scenario #2 and Case #1
· Scenario #2 and Case #2
· Scenario #2A and Case #1
· Scenario #2A and Case #2
· FFS: Scenario #3A and Case #1
· FFS: Scenario #3A and Case #2
· FFS: Scenario #3B and Case #1
· FFS: Scenario #3B and Case #2
· For Case #1, once on-demand SSB is triggered, its transmission is in a periodic manner.
· Note: This does not imply periodic on-demand SSB is transmitted indefinitely after triggered.
· Notes:
· Scenario #2A refers to
· “When UE receives SCell activation command (e.g., as defined in TS 38.321)”
· Scenario #3A refers to
· “After UE receives SCell activation command (e.g., as defined in TS 38.321) until SCell activation is completed”
· Scenario #3B refers to
· “When SCell activation is completed and SCell is activated” or
· “After SCell activation is completed and SCell is activated”
· For discussion purpose under AI 9.5.1, always-on SSB is SSB supported in Rel-18 specifications.
· Timing for on-demand SSB transmission (e.g. when the triggered SSB starts and ends) will be separately discussed.


To discuss Scenario #2 and Scenario #3, whether always-on SSB (e.g. CD-SSB) is transmitted in SCell should be clarified. In RAN1#116, two cases for assumption on always-on SSB  was agreed.
	Agreement
Regarding the UE assumption on SSB transmission on a cell supporting on-demand SSB SCell operation, the following cases are identified for further study:
· Case #1: No always-on SSB on the cell
· Case #2: Always-on SSB is periodically transmitted on the cell
· FFS: Whether always-on SSB and on-demand SSB are not cell-defining SSB if transmitted.
FFS: Which scenario the above applies for 



1.1 Scenario #2 and Case #1
For Scenario #2, UE can prepare to achieve fast fine synchronization and perform at least L3 measurement for the SCell before the SCell is activated.
For Scenario #2 and Case #1, in some CA configuration (e.g. non-collocated CA), UE has to rely on on-demand SSB on the SCell for fast fine synchronization and at least L3 measurement. Scenario #2 and Case #1 is supported in R19.
Proposal 1: Scenario #2 and Case #1 is supported in R19.

1.2 Scenario #2 and Case #2
For Scenario #2 and Case #2, configurations for “always-on SSB” on SCell and corresponding serving cell RRM measurement in current spec should be reviewed.
Before SCell is configured for UE, UE should consider it as neighboring-cell, and perform neighboring-cell measurement. For neighboring-cell measurement, UE follows SSB measurement timing configuration (SMTC) in Measurement Object (MO) to perform measurement.
	MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR                                                   OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing                                               OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                                         OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                                        OPTIONAL,   -- Cond IntraFreqConnected
    refFreqCSI-RS                       ARFCN-ValueNR                                                   OPTIONAL,   -- Cond CSI-RS
    referenceSignalConfig               ReferenceSignalConfig,
    absThreshSS-BlocksConsolidation     ThresholdNR                                                     OPTIONAL,   -- Need R
    absThreshCSI-RS-Consolidation       ThresholdNR                                                     OPTIONAL,   -- Need R
    nrofSS-BlocksToAverage              INTEGER (2..maxNrofSS-BlocksToAverage)                          OPTIONAL,   -- Need R
    nrofCSI-RS-ResourcesToAverage       INTEGER (2..maxNrofCSI-RS-ResourcesToAverage)                   OPTIONAL,   -- Need R
……


When a SCell is configured but UE does not receive SCell activation, SCell is a serving cell for UE, and SSB in SCell can be configured to UE by ServingCellConfigCommon.
	ServingCellConfigCommon ::=         SEQUENCE {
    physCellId                          PhysCellId                                                          OPTIONAL,   -- Cond HOAndServCellAdd,
    downlinkConfigCommon                DownlinkConfigCommon                                                OPTIONAL,   -- Cond HOAndServCellAdd
    uplinkConfigCommon                  UplinkConfigCommon                                                  OPTIONAL,   -- Need M
    supplementaryUplinkConfig           UplinkConfigCommon                                                  OPTIONAL,   -- Need S
    n-TimingAdvanceOffset               ENUMERATED { n0, n25600, n39936 }                                   OPTIONAL,   -- Need S
    ssb-PositionsInBurst                CHOICE {
        shortBitmap                         BIT STRING (SIZE (4)),
        mediumBitmap                        BIT STRING (SIZE (8)),
        longBitmap                          BIT STRING (SIZE (64))
    }                                                                                                       OPTIONAL, -- Cond AbsFreqSSB
ssb-periodicityServingCell          ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }   OPTIONAL, -- Need S
……


However, UE usually performs measurement for the SCell according to SMTC in SCellConfig.
	SCellConfig ::=                     SEQUENCE {
    sCellIndex                          SCellIndex,
    sCellConfigCommon                   ServingCellConfigCommon                                     OPTIONAL,   -- Cond SCellAdd
    sCellConfigDedicated                ServingCellConfig                                           OPTIONAL,   -- Cond SCellAddMod
    ...,
    [[
    smtc                                SSB-MTC                                                     OPTIONAL    -- Need S
]],
……


Hence, before the SCell is configured for UE, UE performs neighboring-cell measurement for “SCell” according to SMTC in MO, in which SSB may have long periodicity, e.g. 160ms. When the SCell is configured for UE but UE does not receive SCell activation, UE performs measurement for SCell according to SMTC in SCellConfig, which is consistent with SSB configuration for the SCell.
Observation 1: When SCell is configured for UE but UE does not receive SCell activation, UE performs measurement for SCell according to SMTC in SCellConfig.
If UE want to prepare to achieve fast fine synchronization before the SCell is activated, there could be following cases:
· If SSB in the SCell configured by ServingCellConfigCommon has short periodicity, e.g. 20ms, these SSB can be used. There is no spec impact. There is no energy saving gain from SSB reduction.
· If SSB in the SCell configured by ServingCellConfigCommon has long periodicity, e.g. 160ms, on-demand SSB may be used. There is spec impact for on-demand SSB. However, if on-demand SSB and legacy SSB configured by ServingCellConfigCommon are both RRC configured, once RRC configured, SSB is transmitted, so how does energy saving gain come from?
· If SSB is not configured by ServingCellConfigCommon, i.e. SSB-less, for the SCell, on-demand SSB may be used. There is spec impact for on-demand SSB. However, if on-demand SSB and legacy SSB configured by ServingCellConfigCommon are both RRC configured, once RRC configured, SSB is transmitted, so how does energy saving gain come from?
In our view, Scenario #2 and Case #2 can allow UE to prepare to achieve fast fine synchronization before the SCell is activation and achieve network energy saving gain. Hence, Scenario #2 and Case #2 can be supported in R19.
Proposal 2: Scenario #2 and Case #2 can be supported in R19.

1.3 Scenario #2A and Case #1 or #2
For Scenario #2A (i.e. “When UE receives SCell activation command (e.g., as defined in TS 38.321)”, we think it can be combined with Scenario #2, since when UE receives SCell activation command UE needs time to start SCell activation operations. Even if UE have prepared for fast fine synchronization and performed L3 measurement for the SCell during Scenario #2, we do not need to take Scenario #2A as a new procedure.
Proposal 3: Scenario #2A can be considered together with Scenario #2 for on-demand SSB operations for SCell.

1.4 Scenario #3A and Case #1
For Scenario #3A, UE needs to achieve fast fine synchronization for the SCell, which is beneficial for latency and network energy saving.
For Scenario #3A and Case #1 in some CA configurations (e.g. non-collocated CA), UE needs to use on-demand SSB on the SCell to achieve fast fine synchronization for the SCell.
In R16, fast SCell activation was specified, which uses “temporary RS” to assist UE to perform fine synchronization quickly. However, “temporary RS” should be QCLed with SSB. If the SSB as QCL source for “temporary RS” is not on the SCell but on the reference cell, it may be too complicated. Therefore, Scenario #3A and Case #1 is supported in R19.
Proposal 4: Scenario #3A and Case #1 is supported in R19.

1.5 Scenario #3A and Case #2
For Scenario #3A and Case #2, R16 “temporary RS” may be enough for fast fine synchronization, since the SSB as QCL source is “always-on SSB” on the SCell. However, on-demand SSB can also replace “temporary RS”, since “temporary RS” has no advantages in terms of network energy saving. Hence, Scenario #3A and Case #2 can be supported in R19.
Proposal 5: Scenario #3A and Case #2 can be supported in R19.

1.6 Scenario 3B and Case #1
For Scenario #3B, UE needs to maintain fine synchronization and perform L1/L3 measurement for the SCell.
For Scenario #3B and Case #1 in some CA configurations (e.g. non-collocated CA), UE needs to use on-demand SSB on the SCell to maintain fine synchronization and perform L1/L3 measurement for the SCell. In RAN1#116bis, it was agreed that on-demand SSB can be used for L1/L3 measurement.
	Agreement
· For a cell supporting on-demand SSB SCell operation,
· L1 and/or L3 measurement based on on-demand SSB is supported for the cell.
· FFS further details on L1 and/or L3 measurement


Periodic TRS can be replacement of on-demand SSB for maintain fine synchronization, and periodic CSI-RS can be replacement of on-demand SSB for L1/L3 measurement. However, periodic TRS and CSI-RS should be QCLed with SSB. If the SSB as QCL source for periodic TRS and CSI-RS is not on the SCell but on the reference cell, it may be too complicated. Therefore, Scenario #3B and Case #1 is supported in R19.
Proposal 6: Scenario #3B and Case #1 is supported in R19.

1.7 Scenario #3B and Case #2
For Scenario #3B and Case #2, periodic TRS and CSI-RS may be enough for fine synchronization and L1/L3 measurement, since the SSB as QCL source is “always-on SSB” on the SCell. However, on-demand SSB can also replace periodic TRS and CSI-RS, since periodic TRS and CSI-RS have no advantages in terms of network energy saving. Hence, Scenario #3B and Case #2 can be supported in R19.
Proposal 7: Scenario #3B and Case #2 can be supported in R19.

Triggering methods
According to WID, there could be three triggering methods, i.e.
· Method-1: UE uplink wake-up-signal (UL WUS) using an existing signal/channel
· Method-2: Cell on/off indication via backhaul
· Method-3: SCell activation/deactivation signaling
For Method-1, it means UE transmits UL WUS to PCell or SCell to trigger gNB to transmit on-demand SSB in SCell.
For Method-2, it means PCell “triggers” SCell via backhaul to transmit on-demand SSB in SCell. From UE perspective, UE receives indication of on-demand SSB to be transmitted by SCell from PCell signaling. Whether cell on/off indication via backhaul implies signaling over the air was widely discussed in RAN1#116bis. After discussion, companies thought after cell on/off indication via backhaul there is an indication from PCell to UE, and in the previous agreements the wording “trigger” may be changed to “indicate” if it means signaling over the air, e.g.
	Agreement
The following agreement from RAN1#116 is modified (in red)
· For SSB burst(s) triggeredindicated by on-demand SSB SCell operation, study at least the following options.
· Option 1: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A.
· Option 1A: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A until gNB turns OFF the on demand SSB
· Option 2: UE expects that on-demand SSB burst(s) is transmitted from time instance A to time instance B and not transmitted after time instance B.
· Option 3: UE expects that on-demand SSB burst(s) is transmitted N times after time instance A and not transmitted after N on-demand SSB bursts are transmitted.
· Option 4: UE expects that on-demand SSB burst(s) is transmitted with a periodicity from time instance A to time instance B and with the other periodicity after time instance B.
· FFS: The combination of above options
· FFS: How to define time instance A/B and the value of N per option
· FFS: Each option is applicable to which Cases or Scenarios (as per the previous agreement)


For Method-3, it may or may not be combined to Method-2. If the indication signaling mentioned above is SCell activation command, Method-3 can be combined to Method-2. Otherwise, Method-3 is separate from Method-2. 
Anyway, there could be two main directions for on-demand SSB for SCell, including UL WUS triggering and DL indication.
Observation 2: There could be two main directions for on-demand SSB for SCell, including UL WUS triggering and DL indication.

1.8 Considering DL indication
For DL indication, two options (i.e. single signaling and separate signaling for on-demand SSB indication and SCell activation command) were agreed to be discussed in RAN1#116bis.
	Agreement
For a cell supporting on-demand SSB SCell operation, further study the following options.
· Option 1: Separate signaling between legacy/existing signaling (e.g., RRC, MAC CE) providing SCell activation/deactivation and signaling providing On-demand SSB transmission indication.
· Option 2: A single signaling in which both SCell activation/deactivation and On-demand SSB transmission indication are provided.
· FFS: Details of the signaling
· Other options are not precluded.
· FFS: Details on On-demand SSB transmission indication


If the on-demand SSB indication is transmitted before SCell activation command, there is network energy gain from on-demand SSB, since on-demand SSB can be indicated before and close to SCell activation command. 
For Scenario #2, if a single signaling for both on-demand SSB indication and SCell activation command is agreed, it means on-demand SSB will not be transmitted before SCell activation command. It is contradict. Therefore, for Scenario #2, on-demand SSB indication is separate from SCell activation command.
Proposal 8: For Scenario #2, on-demand SSB indication is separate from SCell activation command.
For Scenario #2A and #3A, SCell activation command can be regarded as on-demand SSB indication. Therefore, for Scenario #2A or #3A, on-demand SSB indication and SCell activation command can be a single signaling.
Proposal 9: For Scenario #2A and #3A, on-demand SSB indication and SCell activation command can be a single signaling.
For Scenario #3B, complete of SCell activation does not mean a DL indication, instead it means a time point. Therefore, we are not sure whether there is on-demand SSB indication necessarily.
Proposal 10: For Scenario #3B, on-demand SSB indication may not be necessary.
After SSB is indicated, there are some options for mechanisms of on-demand SSB transmission.
	Agreement
The following agreement from RAN1#116 is modified (in red)
· For SSB burst(s) triggeredindicated by on-demand SSB SCell operation, study at least the following options.
· Option 1: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A.
· Option 1A: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A until gNB turns OFF the on demand SSB
· Option 2: UE expects that on-demand SSB burst(s) is transmitted from time instance A to time instance B and not transmitted after time instance B.
· Option 3: UE expects that on-demand SSB burst(s) is transmitted N times after time instance A and not transmitted after N on-demand SSB bursts are transmitted.
· Option 4: UE expects that on-demand SSB burst(s) is transmitted with a periodicity from time instance A to time instance B and with the other periodicity after time instance B.
· FFS: The combination of above options
· FFS: How to define time instance A/B and the value of N per option
· FFS: Each option is applicable to which Cases or Scenarios (as per the previous agreement)


In a note from an agreement, periodical transmission of on-demand SSB should be terminated. Hence, in our view, Option 1 is excluded, but Option 1A can replace Option 1. Moreover, Option 1A does not mention about starting point of on-demand SSB, but DL indication or UL WUS triggering means there is starting point of on-demand SSB. Therefore, we think Option 1 and Option 1A should be excluded.
Proposal 11: For mechanism of on-demand SSB transmission, Option 1 and Option 1A should be excluded.
For Scenario #2, Option 2 can be supported, since on-demand SSB indication can be time instance A and SCell activation command can be time instance B.
Observation 3: For Scenario #2, Option 2 can be supported.
For Scenario #2A, Option 2 can be supported, since SCell activation command can be time instance A and a time point after SCell activation command can be time instance B.
Observation 4: For Scenario #2A, Option 2 can be supported.
For Scenario #3A, Option 2 can be supported, since SCell activation command can be time instance A and a time point after SCell activation command can be time instance B. Option 3 can be also supported, since SCell activation command can be time instance A and value N can be configured.
Observation 5: For Scenario #3A, Option 2 or Option 3 can be supported.
For Scenario #3B, Option 2 can be supported, since time point of SCell activation completed can be time instance A and SCell deactivation command can be time instance B
Observation 6: For Scenario #3B, Option 2 can be supported.
From above discussion, we think at least Option 2 is supported.
Proposal 12: For mechanism of on-demand SSB transmission, at least Option 2 (i.e. UE expects that on-demand SSB burst(s) is transmitted from time instance A to time instance B and not transmitted after time instance B) is supported in R19.

1.9 Considering UL WUS triggering
Whether the UL WUS could be transmitted to PCell or SCell by UE should be studied.
UL WUS to SCell
For UL WUS to SCell, since UE may only maintain coarse DL sync to SCell before on-demand SSB, the corresponding UL sync may be too coarse, especially for non co-located scenario, UL WUS to SCell will cause UL interference less or more. However, if UL WUS is a PRACH (preamble), gNB may handle the UL interference due to small UL time error.
Observation 7: UL WUS to SCell may be feasible, if UL WUS is a PRACH (preamble).
From perspective of benefits, offloading UL control from PCell to SCell may not be so necessary. 
Observation 8: UL WUS to SCell may not be necessary.
UL WUS to PCell
For UL WUS to PCell, it is clear that UE can transmit UL WUS to PCell, since fine DL/UL sync is maintained by UE already.
Observation 9: UL WUS to PCell is feasible.
From perspective of benefits, in connected state, PCell has most information of UE, e.g. UL traffic, DL traffic and L1/L3 measurement results, so PCell can “wake up” a SCell if offloading is beneficial. It may be argued that L1/L3 measurement may event triggered, so UE can report measurement results to enable a SCell switching on. However, even in this case, it is still PCell to decide whether to “wake up” a SCell. Anyway, we think whether UL WUS to PCell is necessary should be further studied.
Observation 10: Whether UL WUS to PCell is necessary should be further studied.
Therefore, in our view, if triggering method of UL WUS is supported, UE should transmit UL WUS to PCell.
Proposal 13: If triggering method of UL WUS is supported, UE should transmit UL WUS to PCell.

Always-on SSB vs. on-demand SSB
In RAN1#116bis, whether always-on SSB or on-demand SSB is cell-defining SSB was discussed and an agreement was drawn.
	Agreement
· For a cell supporting on-demand SSB SCell operation,
· Note: It is up to gNB implementation whether always-on SSB (if transmitted) on the cell is cell-defining SSB or not.
· For on-demand SSB on the cell, downselect between the following alternatives
· Alt-1: It is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.
· Alt-2: On-demand SSB is limited to non-cell-defining SSB.
· FFS: Further limitations to on-demand SSB 


For on-demand SSB, we think it can be limited to not cell-defining SSB, if the SCell can a PCell for other UEs. 
We are not clear whether spec impact is needed if on-demand SSB is not cell-defining SSB, e.g. NCD-SSB, SSB outside sync-raster and/or SSB not associated with CORESET#0.
Proposal 14: On-demand SSB can be limited to not cell-defining SSB, if the SCell can be a PCell for other UEs.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
We have the following proposals.
Scenarios and cases
Proposal 1: Scenario #2 and Case #1 is supported in R19.
Proposal 2: Scenario #2 and Case #2 can be supported in R19.
Proposal 3: Scenario #2A can be considered together with Scenario #2 for on-demand SSB operations for SCell.
Proposal 4: Scenario #3A and Case #1 is supported in R19.
Proposal 5: Scenario #3A and Case #2 can be supported in R19.
Proposal 6: Scenario #3B and Case #1 is supported in R19.
Proposal 7: Scenario #3B and Case #2 can be supported in R19.

Triggering methods
Proposal 8: For Scenario #2, on-demand SSB indication is separate from SCell activation command.
Proposal 9: For Scenario #2A and #3A, on-demand SSB indication and SCell activation command can be a single signaling.
Proposal 10: For Scenario #3B, on-demand SSB indication may not be necessary.
Proposal 11: For mechanism of on-demand SSB transmission, Option 1 and Option 1A should be excluded.
Proposal 12: For mechanism of on-demand SSB transmission, at least Option 2 (i.e. UE expects that on-demand SSB burst(s) is transmitted from time instance A to time instance B and not transmitted after time instance B) is supported in R19.
Proposal 13: If triggering method of UL WUS is supported, UE should transmit UL WUS to PCell.
Proposal 14: On-demand SSB can be limited to not cell-defining SSB, if the SCell can be a PCell for other UEs.
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