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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.



Use-cases
There could be some use-cases for on-demand SSB for SCell in CA.
· Use-case-1: SCell on/off
· Use-case-2: Fast SCell activation
· Use-case-3: SSB-less for SCell
For Use-case-1, SCell can switch between off state (or namely energy-saving state) and on state (or namely non-energy-saving state), which can be regarded as cell specific behavior.
In off state, the SCell only transmits limited SSB for UE to perform coarse DL sync and L3 measurement. 
In on state, the SCell transmits on-demand SSB for UE to perform fine DL sync, L1 measurement (e.g. CSI acquisition and BM/BFD/RLM for the SCell) and L3 measurements.
Observation 1: On-demand SSB is beneficial for SCell on/off, which obviously provides network energy saving gain.
For Use-case-2, SCell can be activated and deactivated in UE specific manner.
For deactivated SCell, UE can only perform coarse DL sync and L3 measurement though limited SSB (in SMTC). 
For activated SCell, UE can perform fine DL sync, L1 measurement and L3 measurements though on-demand SSB.
Fast SCell activation is already supported in R16, in which Temporary RS are used for assistance of fine DL sync. For R16 fast SCell activation, latency of SCell activation is reduced from UE side, but SSB should be QCL source for Temporary RS. Therefore, R16 fast SCell activation may not assume SSB-less case. Fortunately, fast SCell activation and on-demand SSB can jointly operate well.
Observation 2: On-demand SSB can support fast SCell activation.
From network perspective, fast SCell activation may enable SCell on/off efficiently, and thereby energy saving gain of SCell can be achieved.
Observation 3: Fast SCell activation may provide network energy saving gain.
For Use-case-3, there is no SSB in SCell.
For deactivated SCell, UE can only perform coarse DL sync and L3 measurement though CSI-RS for mobility.
For activated SCell, UE can perform fine DL sync, L1 measurement and L3 measurements through CSI-RS, which takes SSB in a reference serving cell as QCL source.
On-demand SSB may be assistance for SSB-less for SCell. 
· SSB-less for SCell usually needs TRS for assistance (especially for inter-band CA), but TRS needs SSB in the reference serving cell as QCL source. It does not support “standalone” SCell operation. On-demand SSB can replace TRS to solve QCL source problem and further reduce power consumption.
· So far, SSB-less for SCell is supported for co-located scenario, but on-demand SSB can support non co-located scenario.
Observation 4: On-demand SSB can be assistance for SSB-less for SCell.
From above discussions, it can be observed that in above use-cases, on-demand SSB can enable limited SSB and SSB-less, and achieve network energy saving gain. Therefore, use-cases including SCell on/off, fast SCell activation and SSB-less for SCell, can be studied for on-demand SSB.
In RAN1#116 discussion, the above three use cases are included in SCell activation and usage procedure from UE perspective.
Proposal 1: Use-cases including SCell on/off,  fast SCell activation and SSB-less for SCell can be included in SCell activation and usage procedure from UE perspective.

[bookmark: _GoBack]CA Configurations
There could be two configurations for on-demand SSB:
· Config-1: Co-located CA: A reference serving cell can provide the time reference of SCell to UE.
· Config-2: Non-co-located CA: Any serving cell cannot provide the time reference of SCell to UE.
For Config-1, it is also the configuration for SSB-less for intra-band CA defined in R15 and SSB-less for inter-band CA defined in R18. In this configuration, UE can achieve fine DL sync to SCell immediately after SCell activation with assistance of TRS.
Config-1 and Config-2 are illustrated as follows.
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(a) Config-1                                                             (b) Config-2
Figure 1: Illustration of Config-1 and Config-2
Legacy and R19 solutions for different use-cases and scenarios are shown in the following table.
Table 1: Legacy and R19 solutions for different use-cases and configurations
	
	Use-case-1: SCell on/off
	Use-case-2: SCell activation/deactivation
	Use-case-3: SSB-less for SCell

	Config-1: Co-located CA
	Legacy: SSB
	Legacy: SSB + Temporary RS
	Legacy: SSB-less + TRS assisted

	
	R19: Limited SSB + on-demand SSB
	R19: Limited SSB + on-demand SSB [+ Temporary RS]
	R19: SSB-less + on-demand SSB

	Config-2: Non co-located CA
	Legacy: SSB
	Legacy: SSB + Temporary RS
	Legacy: Not support

	
	R19: Limited SSB + on-demand SSB
	R19: Limited SSB + on-demand SSB [+ Temporary RS]
	R19: SSB-less + on-demand SSB


It can be observed that on-demand SSB is beneficial for configurations including co-located CA and non co-located CA.
In RAN1#116 discussion, there are quite lots of CA configurations, e.g. intra-band CA, inter-band CA and CA combination of FR1/FR2. RAN1 cannot check all CA configurations one by one, so RAN1 decided to strive a common design to be used in all applicable CA configurations [2]. If the design cannot work well in a certain CA configuration, RAN1 will check it specifically.
	Agreement
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.



Event triggering
According to WID [1], 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. “Cell on/off indication via backhaul” may have no spec impact.
For Method-3, it can be combined to Method 2. It means UE is informed by gNB via SCell activation/deactivation signaling that on-demand SSB is to be transmitted in SCell. 
When Method-2 and Method-3 are combined, Config-1 and Config -2 are illustrated as follows.
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(a) Config-1                                                             (b) Config-2
Figure 2: Illustration of Config-1 and Config-2 with SCell activation

According to RAN1#116 agreement [2], combined Method-3 and Method-2 were agreed to be supported  and Method-1 was FFS.
	Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE



1.1 UL WUS (Method-1)
For Method-1, 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 5: 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 6: 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 7: 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 8: Whether UL WUS to PCell is necessary should be further studied.
From above observations, we have the following proposal.
Proposal 2: For triggering method of UL WUS using an existing signal/channel, UE can transmit UL WUS to PCell, but whether UL WUS to PCell is necessary should be further studied.

1.2 SCell activation (Method-2 + Method-3)
On-demand SSB triggered by SCell activation has progress in RAN1#116 [2]. At least the following scenarios (i.e. Scenario #2 and Scenario #3) should 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


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 [2] 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 



SCell activation: Scenario #2
For Scenario #2, UE can prepare to achieve fine synchronization before SCell is activated to enable fast SCell activation, which has network energy gain.

1.3 Case #1
In Case #1, UE may use an on-demand SSB transmitted on SCell. The triggering signaling is FFS.
Proposal 3: For Scenario #2 and Case #1, on-demand SSB can be sent to UE, the triggering signaling is FFS.

1.4 Case #2
For 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 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 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 SCell.
Observation 9: 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 fine synchronization before SCell is activated, there could be following cases:
· If SSB in 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 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 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?
Similar to Scenario #2 and Case#1, UE may use an on-demand SSB transmitted on SCell. The triggering signaling is FFS.
Proposal 4: For Scenario #2 and Case #2, on-demand SSB can be sent to UE, the triggering signaling is FFS.

SCell activation: Scenario #3
For Scenario #3, after UE receives SCell activation, UE needs to achieve fine synchronization to SCell as soon as possible, which is beneficial for latency and network energy saving. In R16, fast SCell activation was specified, which uses “temporary RS” (so-called “aperiodic TRS”) to assist UE to perform fine synchronization quickly.

1.5 Case #1
For Case #1, UE may use an on-demand SSB transmitted on SCell. The triggering signaling is FFS. Hence, for Case #1, on-demand SSB with a short enough periodicity, e.g. 5ms, can be configured by a new IE, but only effective after SCell is activated.
Proposal 5: For Scenario #3 and Case #1, on-demand SSB with even shorter periodicity, e.g. 5ms, can be configured by a new IE, but only effective after SCell is activated.

1.6 Case #2
For Case #2, maybe SCell can transmit SSB with even shorter periodicity, e.g. 5ms, to help UE to achieve fine synchronization as soon as possible.
Observation 10: After SCell activation is sent to UE, SCell can transmit SSB with even shorter periodicity, e.g. 20ms, to help UE to achieve fine synchronization as soon as possible.
Hence, for Case #2, on-demand SSB with a short enough periodicity, e.g. 5ms, can be configured by a new IE, but only effective after SCell is activated.
Proposal 6: For Scenario #3 and Case #2, on-demand SSB with even shorter periodicity, e.g. 5ms, can be configured by a new IE, but only effective after SCell is activated.

On-demand SSB transmission
After SSB is triggered, there are some options for on-demand SSB transmission. It was agreed in RAN1#116 [2].
	Agreement
· For SSB burst(s) triggered 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 Scenario #2, once SSB with short periodicity is configured for SCell, UE can use the corresponding SSB until SCell is deleted, since the correspond SSB is at least used for serving-cell measurement. As mentioned above, it seems legacy configured SSB or so-called always-on SSB. Hence, Option 1 can be selected for simplicity.
Proposal 7: For Scenario #2, Option 1 can be supported.
For Scenario #3, SSB with even shorter periodicity is activated by SCell activation, UE can use the corresponding SSB until UE receives SCell deactivation. It can regarded as following Option 1A and/or Option 2.
Proposal 8: For Scenario #3, Option 1A, Option 2 and/or Option 3 can be supported.

Always-on SSB vs. on-demand SSB
The abovementioned “always-on SSB” and “on-demand SSB” need to be further clarified, e.g. cell-defining or non-cell-defining.
In our view, always-on SSB can be cell-defining SSB, and UE can detect the corresponding SCell for neighboring-cell measurement. For SSB-less for SCell, SCell can be configured to UE without measurement results, which was discussed in legacy release to support SSB-less for SCell in CA.
Proposal 9: Always-on SSB can be cell-defining SSB.
On-demand SSB may not be cell-defining SSB, since it is used for serving-cell usages. We are not clear whether spec impact is present 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 10: On-demand SSB may not be cell-defining SSB. FFS: whether spec impact is needed, e.g. NCD-SSB, SSB outside sync-raster and/or SSB not associated with CORESET#0.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
We have the following proposals.
Use-cases
Proposal 1: Use-cases including SCell on/off,  fast SCell activation and SSB-less for SCell can be included in SCell activation and usage procedure from UE perspective.

Triggering methods: UL WUS (Methond-1)
Proposal 2: For triggering method of UL WUS using an existing signal/channel, UE can transmit UL WUS to PCell, but whether UL WUS to PCell is necessary should be further studied.

SCell activation: Scenario #2
Proposal 3: For Scenario #2 and Case #1, on-demand SSB can be sent to UE, the triggering signaling is FFS.
Proposal 4: For Scenario #2 and Case #2, on-demand SSB can be sent to UE, the triggering signaling is FFS.

SCell activation: Scenario #3
Proposal 5: For Scenario #3 and Case #1, on-demand SSB with even shorter periodicity, e.g. 5ms, can be configured by a new IE, but only effective after SCell is activated.
Proposal 6: For Scenario #3 and Case #2, on-demand SSB with even shorter periodicity, e.g. 5ms, can be configured by a new IE, but only effective after SCell is activated.

On-demand SSB transmission
Proposal 7: For Scenario #2, Option 1 can be supported.
Proposal 8: For Scenario #3, Option 1A, Option 2 and/or Option 3 can be supported.

Always-on SSB vs. on-demand SSB
Proposal 9: Always-on SSB can be cell-defining SSB.
Proposal 10: On-demand SSB may not be cell-defining SSB. FFS: whether spec impact is needed, e.g. NCD-SSB, SSB outside sync-raster and/or SSB not associated with CORESET#0.
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