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Introduction
In RAN1 meeting #116bis, the following agreements regarding on-demand SSB SCell operation were made [1].
	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:
· [bookmark: _Hlk166143597]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
· [bookmark: _Hlk166150988]“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.

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.
· [bookmark: _Hlk166159876]For on-demand SSB on the cell, downselect between the following alternatives
· [bookmark: _Hlk166159902]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 

Agreement
For a cell supporting on-demand SSB SCell operation,
· [bookmark: _Hlk166152362]L1 and/or L3 measurement based on on-demand SSB is supported for the cell.
· FFS further details on L1 and/or L3 measurement

Agreement
The following agreement from RAN1#116 is modified (in red)
· [bookmark: _Hlk166164927]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)

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




In this contribution, we provide our views on on-demand SSB SCell operation for Rel-19 NES.
Discussion
According to the agreement in RAN1 meeting #116, RAN1 should strive for a common design for on-demand SSB operation considering all applicable CA configurations, so both collocated and non-collocated cell scenarios should be considered.
[bookmark: _Hlk161935402]2.1 Scenarios for on-demand SSB operation
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
· [bookmark: _Hlk162024458][bookmark: _Hlk166159018][bookmark: _Hlk161937083]Case #2: Always-on SSB is periodically transmitted on the cell
[bookmark: _Hlk161935969][bookmark: _Hlk166147058][bookmark: _Hlk161937268]On-demand SSB operation can be introduced for fast SCell activation. In Case #1, the SCell is unknown to UE. In Case #2, the SCell is known to UE. In current NR system, when the SCell is known to UE, or when the SCell is unknown to UE but some conditions are met, e.g., the SCell is contiguous to an active serving cell in the same band, fast activation for the SCell can be applied. No matter the SCell is unknown (i.e., Case #1) or known (i.e., Case #2) to UE, it can be supported for on-demand SSB SCell operation to speed up SCell activation procedure.
[bookmark: _Hlk162023774][bookmark: _Hlk161935597]Proposal 1: Support Case #1 and Case #2 for on-demand SSB SCell operation.
According to discussions in previous RAN1 meetings, the procedure of SCell activation can be divided into several phases, as shown in FIG.1. 


FIG.1. SCell activation procedure 
[bookmark: _Hlk166157641]The following scenarios and cases are identified for on-demand SSB SCell operation for further discussion.
· Scenario #2 and Case #1
· Scenario #2 and Case #2
· Scenario #2A and Case #1
· Scenario #2A and Case #2
· [bookmark: _Hlk166157651]FFS: Scenario #3A and Case #1
· FFS: Scenario #3A and Case #2
· FFS: Scenario #3B and Case #1
· FFS: Scenario #3B and Case #2
[bookmark: _Hlk166156768]For Scenario #2A, the on-demand SSB indication is received when UE receives SCell activation command, so the legacy UE behaviour can be used, i.e., the UE can perform cell search, time-frequency synchronization, RRM measurement and report, CSI measurement and report according to the on-demand SSB burst in Scenario #3A phase to speed up SCell activation procedure. No additional UE implementation is required.
[bookmark: _Hlk166152988][bookmark: _Hlk166156820][bookmark: _Hlk166157671]For Scenario #2, the on-demand SSB indication is received before UE receives SCell activation command. Since the UE has not received SCell activation command yet, it should not be required to perform L1 and/or L3 measurement based on on-demand SSB during Scenario #2 phase, otherwise the UE implementation complexity would be highly increased. The legacy UE behaviour should be maintained, i.e., the measurement based on on-demand SSB burst should be performed in Scenario #3A phase. Triggering on-demand SSB operation before receiving SCell activation command can provide the SSB transmission information to UE in advance, so that the measurement can be performed right after SCell activation command is received.
Proposal 2: L1 and/or L3 measurement based on on-demand SSB should be performed in Scenario #3A phase no matter the on-demand SSB indication is received in Scenario #2 or Scenario #2A.
For Scenario #3A, if the on-demand SSB indication is received during the period of the SCell being activated, it is still possible for UE to use the on-demand SSB burst to speed up SCell activation procedure. The legacy SCell activation delay requirement for deactivated SCell may need to be extended accordingly as the indication is received after SCell activation command.
Proposal 3: On-demand SSB SCell operation in Scenario #3A is beneficial to fast SCell activation and can be supported.
[bookmark: _Hlk166157840]For an SCell without always-on SSB, activation/deactivation of on-demand SSB after SCell activation can provide a trade-off between improving synchronization/measurement performance and achieving NES gain. So on-demand SSB SCell operation for Scenario #3B and Case #1 can be supported.  
Proposal 4: On-demand SSB SCell operation for Scenario #3B and Case #1 is beneficial and can be supported.
For Scenario #3B and Case #2, since there is always-on SSB that is periodically transmitted on the SCell, synchronization/measurement can be performed based on always-on SSB. We do not see a strong motivation to support on-demand SSB after the SCell is activated.
Proposal 5: There is no need to support on-demand SSB SCell operation for Scenario #3B and Case #2.
For on-demand SSB on the SCell, two alternatives are discussed:
· Alt-1: It is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.
· [bookmark: _Hlk166162069]Alt-2: On-demand SSB is limited to non-cell-defining SSB.
[bookmark: _Hlk166162536]According to the WID [2], on-demand SSB SCell operation is supported for UEs in connected mode configured with CA, so the on-demand SSB is not expected to be associated with SIB1. On the other hand, the SCell for one UE may be the PCell for another UE, if on-demand SSB is cell-defining SSB on one cell, UEs taking this cell as PCell would be confused if on-demand SSB is detected during initial access procedure, as the transmission of on-demand SSB and the transmission of legacy cell-defining SSB may be different. To avoid the impacts of on-demand SSB on idle UEs, it is preferred to limit on-demand SSB to non-cell-defining SSB.
Proposal 6: Support on-demand SSB being limited to non-cell-defining SSB.
[bookmark: _Hlk166163018]For Case #1 that no always-on SSB on the cell, on-demand SSB can be configured either on the sync raster or off the sync raster, as long as it is not associated with SIB1. For Case #2 that always-on SSB is periodically transmitted on the cell, if the always-on SSB is cell-defining SSB, it is preferred that the on-demand SSB is configured off the sync raster so as to differentiate the on-demand SSB from the always-on SSB. If the always-on SSB is non-cell-defining SSB, then the on-demand SSB can be configured at the same frequency location as the always-on SSB. UE can assume that SSB indexes for on-demand SSB burst are the same as that for the always-on SSB burst.
Proposal 7: Separate on-demand SSB and always-on SSB if the always-on SSB is cell-defining SSB.

[bookmark: _Hlk161997639]2.2 NW-triggered on-demand SSB operation
[bookmark: _Hlk166163521][bookmark: _Hlk166163543][bookmark: _Hlk166163498]For Scenario #2A, since the on-demand SSB indication is received when UE receives SCell activation command, the two information can be transmitted together to reduce the signaling overhead. Current SCell activation command can be enhanced by including the on-demand SSB indication. 
Proposal 8: Including on-demand SSB indication in SCell activation command.
For Scenario #2, #3A and #3B, new signaling should be introduced to indicate on-demand SSB operation. Once on-demand SSB is activated for a cell, UEs which are configured or being activated with this cell should be aware of the on-demand SSB indication. Using GC-PDCCH would be more efficient for such kind of indication. For example, from UE perspective, each cell is associated with an on-demand SSB indication, and the corresponding relationship can be configured by RRC signaling, so that one GC-PDCCH may contain multiple on-demand SSB indications for multiple cells.  
Proposal 9: Support GC-PDCCH for on-demand SSB indication.

2.3 UE-triggered on-demand SSB operation
[bookmark: _Hlk166150242]In NR, it is important for one UE to provide some assistant information to its serving gNB to assist the gNB in data scheduling. For example, in CA scenario, gNB may configure one or more SCells for UE, and when UE has a demand of large data transmission, the UE can report this scheduling request to gNB through BSR, so that gNB may activate the one or more SCells based on the request of the UE to provide service for large data transmission, thereby improving the user throughput. Under CA architecture, as shown in FIG.2, UE can report the scheduling request to gNB1 (i.e., PCell gNB), and gNB1 can deliver the assistant information (e.g., scheduling request, SCell activation command, etc.) of UE to gNB2 (i.e., SCell gNB) through Xn interface with an ideal or non-ideal backhaul link, so as to assist gNB2 to perform large data transmission for the UE.


FIG.2. CA between the PCell and the SCell with non-ideal backhaul
However, according to Table 1 (referenced from section 6.1.3 of TR 36.932 [3]), the backhaul latency ranges from 2ms to 60ms in case of a non-ideal backhaul link between gNB1 and gNB2. That is to say, the backhaul time delay for information exchange between gNBs through Xn interface may be as high as 60ms. In this case, the efficiency of UE directly reporting the scheduling request to gNB2, e.g., through UL WUS for on-demand SSB trigger, would be higher than the efficiency of UE reporting the scheduling request to gNB1, and then transferring the scheduling request from gNB1 to gNB2 through Xn interface with a non-ideal backhaul link. Therefore, in case of non-ideal backhaul, on-demand SSB SCell operation triggered by UE can reduce the impact of backhaul delay and speed up SCell activation procedure. Support on-demand SSB SCell operation triggered by UE is beneficial at least in this scenario. 
Table 1: Categorization of non-ideal backhaul
	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber Access 1
	10-30ms 
	10M-10Gbps
	1

	[bookmark: _Hlk340808864]Fiber Access 2
	5-10ms
	100-1000Mbps
	2

	Fiber Access 3
	2-5ms
	50M-10Gbps
	1

	DSL Access
	15-60ms
	10-100 Mbps
	1

	Cable 
	25-35ms
	10-100 Mbps
	2

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	1



Based on the above discussion, we have the following proposal.
Proposal 10: Support on-demand SSB SCell operation triggered by UE.

2.4 On-demand SSB transmission
[bookmark: _Hlk162010116][bookmark: _Hlk162023941]For SSB burst(s) indicated by on-demand SSB SCell operation, the following options are discussed in previous meeting.
· 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.
As discussed above, Case #1 and Case #2 can be considered as target scenarios for on-demand SSB SCell operation for fast SCell activation. FIG.3 gives an example for on-demand SSB burst transmission in both cases, in which on-demand SSB burst is transmitted during the duration of the SCell being activated. For Case #1 that there is no always-on SSB on the SCell, after the SCell is completely activated, UE can be configured with UE-specific CSI-RS for CSI measurement and report as well as time-frequency synchronization. It seems no need to have additional periodical on-demand SSB burst. For Case #2 that there is always-on SSB periodically transmitted on the SCell, it is no need to have additional on-demand SSB burst as well since there is always-on SSB. Option 1, Option 1A and Option 4 seems not needed, and Option 2 and Option 3 are preferred.

FIG.3. On-demand SSB burst transmission
Based on the above discussion, we have the following proposal.
Proposal 11: Consider Option 2 or Option 3 for SSB burst(s) triggered by on-demand SSB SCell operation.

Conclusion
In this contribution, we provide our views on on-demand SSB SCell operation for Rel-19 NES. The following proposals are listed.
Proposal 1: Support Case #1 and Case #2 for on-demand SSB SCell operation.
Proposal 2: L1 and/or L3 measurement based on on-demand SSB should be performed in Scenario #3A phase no matter the on-demand SSB indication is received in Scenario #2 or Scenario #2A.
Proposal 3: On-demand SSB SCell operation in Scenario #3A is beneficial to fast SCell activation and can be supported.
Proposal 4: On-demand SSB SCell operation for Scenario #3B and Case #1 is beneficial and can be supported.
Proposal 5: There is no need to support on-demand SSB SCell operation for Scenario #3B and Case #2.
Proposal 6: Support on-demand SSB being limited to non-cell-defining SSB.
Proposal 7: Separate on-demand SSB and always-on SSB if the always-on SSB is cell-defining SSB.
Proposal 8: Including on-demand SSB indication in SCell activation command.
Proposal 9: Support GC-PDCCH for on-demand SSB indication.
Proposal 10: Support on-demand SSB SCell operation triggered by UE.
Proposal 11: Consider Option 2 or Option 3 for SSB burst(s) triggered by on-demand SSB SCell operation.
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