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[bookmark: _Ref513464071]Introduction
[bookmark: _Hlk127169948]The Rel-19 New WID on Network Energy Savings for NR has the following objective on on-demand SSB SCell [1]:
	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.


The agreements made in RAN1#116 meeting are provided in the appendix. In this contribution, we discuss the enhancements for enabling on-demand SSB SCell under the scope of RAN1.
Discussion
For CA deployments, intra-band CA with SSB-less Scell has been supported since Rel-15 for both FR1 and FR2. In Rel-18 the support for SSB-less Scell is extended for collocated cells in FR1 that are in inter-band CA (e.g. within max receive time, frequency and power difference). In the inter-base CA case, the NW signals to the UE which cell is the reference cell (e.g. a Pcell or another Scell), where the reference cell acts as the timing reference and AGC source of the SSB-less Scell. 
Supporting inter-band CA for FR2 comes with challenges, e.g. achieving synchronization, L1/L3 measurements and beam management, especially when the cells are non-collocated and only the Scells operate in FR2 while other cells in FR1. For energy saving purposes in both intra- and inter-band CA, it is important for the Scells to operate in NES mode as long as possible without or with limited SSB transmission. 
Scenarios where OD-SSB is applicable
In the last RAN1#116 meeting [2], the scenarios where OD-SSB can be applicable was discussed in the context of Scell activation procedure and an agreement was made to focus discussions on the following scenarios:
	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


OD-SSB transmission in Scenarios #2 and #3 can be beneficial to expedite the Scell activation procedure. For example, in Scenario #2 delay due to Scell activation can be reduced by initiating L3 measurements at UE earlier on the OD-SSBs transmitted after the Scell is configured and before Scell activation. In Scenario #3 the measurements/reporting by UE on the OD-SSBs, which are triggered immediately after the Scell activation command, can be useful to speed up completion of Scell activation.   
After Scell activation procedure is complete (corresponding to FFS in the agreement), it is possible that the Scell can be transitioned to a dormant mode where the SSBs may be transmitted sparsely or with longer periodicity or completely SSB-less for realizing further energy savings. In this case, triggering OD-SSB trasmisison after Scell activation is completed can be beneficial to improve sycnchronization, timing reference and AGC at the UE, especially when the last transmission of SSBs may be outdated. 
Observation 1: Since the Scell can be transitioned to dormant mode (e.g. SSBs are transmitted with long periodicity) after Scell activation is completed, triggering OD-SSB transmission can be beneficial to improve synchronization, timing reference and AGC at the UE
In addition, such benefits for using OD-SSBs can also apply in the cases outside of the Scell activation procedure where the UE can be triggered to perform RRM measurements, CSI measurements/reporting and PDCCH decoding. Given the benefits, we propose the following:    
[bookmark: _Hlk163114052][bookmark: _Hlk163137342]Proposal 1: On-demand SSB is transmitted in the following scenarios:
· SCell is configured to a UE but before the UE receives SCell activation command (Scenario #2)
· After UE receives SCell activation command (Scenario #3)
[bookmark: _Hlk163137381]Proposal 2: On-demand SSB transmission can be triggered after Scell activation is completed
[bookmark: _Hlk163137406]Assumption on cell supporting OD-SSB transmission 
Another agreement made in RAN1#116 is to further study the following cases on OD-SSB SCell operation: 
	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:
· [bookmark: _Hlk163137516]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 


[bookmark: _Hlk163137559]In Case #1, not transmitting always-on SSB results in highest potential NES gains. While this can have some impacts to legacy UEs, Case #1 is still beneficial and the gNB can handle such impacts by not activating the Scell for legacy UE when OD-SSB is used. Regarding Case #2 above, although the impacts to legacy UEs can be lower, transmitting always-on SSBs results in lower NES gains even when using longer SSB periodicity (e.g. 160ms) compared to Case #1. In Case #2, the impacts to legacy UEs can also be high when the SSBs are not transmitted per legacy periodicity. As such, we prefer Case #1.
[bookmark: _Hlk163114135]Proposal 3: UE assumes always-on SSB is not transmitted (i.e. Case #1) by the cell supporting on-demand SSB SCell operation
Regarding the FFS in the agreement above, non-cell defining SSB was introduced in Rel-17 for supporting RedCap UEs, where the SSBs can be transmitted without RMSI (e.g. without associated SIB1). In our view, having such restriction for the OD-SSB is not necessary since any NES gains by not transmitting RMSI are marginal and this also introduces unnecessary impacts in UE behavior with no clear benefits. As such, the OD-SSB can be cell defining SSB similar to the case of always-on SSB.      
[bookmark: _Hlk163114141]Proposal 4: Support on-demand SSBs as cell-defining SSBs
Options for OD-SSB transmission
In RAN1#116, the following agreement was made to study the options for OD-SSB transmission: 
	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)


[bookmark: _Hlk163137882]The different options above can be broadly categorized as follows: 
· Category 1: Periodic OD-SSB transmission with single periodicity
· Category 2: Periodic OD-SSB transmission with periodicity switching   
· Category 3: Aperiodic/semi-persistent OD-SSB transmission
[bookmark: _Hlk163137970]In the case of Category 1 (corresponding to Option 1 in the agreement), the Scell is assumed to transmit OD-SSBs regularly with certain periodicity. This option makes sense, as once the SCell is activated, there will be a need for recurring SSBs, as the UE is in connected mode and will periodically report channel measurements. The applicability of this category is thus suitable for Scenario #3 (after UE receives SCell activation command). Options 2 and 4 (i.e. Category 2) require predefining instances in time (point A and B) where SSB transmission assumptions will change. However, predefining such instances should be specific for different scenarios and UEs, and thus will be tough to configure or specify. Also, the behavior associated with Option 2 can be realized by configuring proper value for N in Option 3, while avoiding any need for keeping track of time instance B.   
Category 3 can be suitable when the SSB periodicity is already too long, and an on demand SSB occasion is needed. In the case of Category 3 (corresponding to Options 1A and 3), the network has more flexibility to transmit OD-SSB in a limited time period only when there is a need (e.g. for measurements at UE) and hence, enables higher NES gains. The aperiodic/semi-persistent OD-SSB transmisison can be useful for not only Scenario #2 and Scenario #3, but also in the case outside of the Scell activation procedure such as in SSB-less Scell operation or prolonged SSB periods. 
[bookmark: _Hlk163114150][bookmark: _Hlk163138267]Proposal 5: RAN1 to prioritize the following options for OD-SSB transmission:
· [bookmark: _Hlk163138275]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 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. FFS: A, N values.
How on-demand SSBs can be triggered
[bookmark: _Hlk163138749]During Rel-18 SI, companies discussed that the Scells which are used as capacity cells and operating in NES mode are not expected to transmit SSBs or only transmit sparse SSBs. In RAN1#116 [2], the triggering methods for OD-SSB were discussed primarily in the context of Scell activation procedure, and an agreement was made in support of on-demand SSB SCell operation triggered by gNB.  
[bookmark: _Hlk163138993]In this case, triggering OD-SSB transmission from the Scells only when there is a need from the UE (e.g. based on measured channel conditions when the UE moves in or out of coverage, specifically when cells are not geolocated) is more practical. Also in Scell activation procedure, in contrast to the gNB-triggered case, triggering OD-SSB transmission at the time occasion expected by the UE (e.g. for making timely measurements and reporting) can reduce the Scell activation delay.
[bookmark: _Hlk163114161]Observation 2: Triggering OD-SSB transmission at the time occasion expected by the UE (e.g. for making timely measurements and reporting) can reduce the Scell activation delay
The demand for on-demand SSB can thus be conveyed by the UE, as likely the conditions for requesting such demand is known at the UE. The UE can therefore send the UL signal to gNB, corresponding to UL wake-up signal (WUS), to request for OD-SSB tranmisison. Using UL WUS as a triggering method for OD-SSB transmission also results in considerable NES gains. The Rel-18 TR [3] mentions that with sparse SSB of 160ms periodicity transmitted before gNB reception of WUS, 5 sources show technique A-3-1 of UE WUS triggering gNB for SSB/SIB/RACH, with the assumption of ideal detection of UL WUS, could achieve BS energy savings by 6.2% – 80.7% in range with UPT loss by 0%-24.2%, where the gain increases as a function of the WUS period. Given the benefits in terms of low delay, energy savings and low UPT losses, UL WUS can be supported as a triggering method for OD-SSB at SCell. 
[bookmark: _Hlk163114201][bookmark: _Hlk163139245]Proposal 6: Support on-demand SSB SCell operation triggered by transmission of UL WUS
Signal/channel to use for UL WUS
Regarding the type of channel/signal to use for UL WUS, it is important to consider the following criteria: 
· Allows flexible resource configuration, 
· Provides timely indication to the gNB for the need of OD-SSB, 
· Provides reasonable coverage and reliability for detection at NW, 
· Reuses existing synchronization and power control procedure at UE 
[bookmark: _Hlk163139316]During Rel-18 SI, the options considered by companies for UL WUS include using PRACH resource and PUCCH resource (e.g. SR). Using a PUCCH resource for triggering on demand SSBs can be useful for UEs in connected mode, but this may require introducing a new procedure for triggering the transmission and ensuring suffient reliability/coverage when receiving at Scell and hence, less preferable for UL WUS. Using PRACH is thus simpler, given the gNB monitors PRACH on the PCell regardless of NES states.  
Reusing PRACH resources for UL WUS allows meeting the above criteria and provides the benefit of simplyfing any PHY layer design effort while reusing many of legacy principles/procedures. For example, to allow more flexibility when accessing the resources, the contention-based PRACH resources for UL WUS can be configured to consist of a set of PRACH preambles and RACH occasions. Such resources for UL WUS can be configured in NES-capable UEs as an alternative set which may not overlap with the PRACH resources provided to the legacy UEs. For ensuring proper detection of the UL WUS, the NW can configure the RACH occasions for UL WUS such that they are aligned with the monitoring/reception occasions. Given there is no CBRA on the Scell, the UL WUS would have to be transmitted by the UE on the PCell. 
The resources for UL WUS can be provided by the serving/reference cell (e.g. PCell) to the NES-capable UEs as a separate configuration or a sub-configuration of the RACH config. Such resource configuration for UL WUS can be provided in the same way as legacy via higher layer signaling (e.g. with RRCReconfiguration for UE in connected mode or via SIB1). 
[bookmark: _Hlk163114211]Proposal 7: Support using PRACH preamble on the PCell as UL WUS for triggering OD-SSB on the SCell 
Conditions for triggering UL WUS
It is important to discuss the conditions for triggering UL WUS transmission to ensure that it is triggered on timely basis and only when needed. It is also important the UL WUS is not triggered unnecessarily which can adversely impact energy savings at NW. Such conditions can include those related to UL data arrival, measurements of pathloss RS, DL synchronization with Scell and timing alignment with Scell. In general, it is preferred to discuss these triggers in RAN2. Any of the L1-related triggering conditions can be discussed in RAN1.    
[bookmark: _Hlk163114185]Observation 3: For OD-SSB SCell operation, the conditions for triggering UL WUS can be initially discussed in RAN2. Any L1-related triggering conditions can be discussed in RAN1
Conclusion
In this contribution, the following observations are made:
Observation 1: Since the Scell can be transitioned to dormant mode (e.g. SSBs are transmitted with long periodicity) after Scell activation is completed, triggering OD-SSB transmission can be beneficial to improve synchronization, timing reference and AGC at the UE
Observation 2: Triggering OD-SSB transmission at the time occasion expected by the UE (e.g. for making timely measurements and reporting) can reduce the Scell activation delay
Observation 3: For OD-SSB SCell operation, the conditions for triggering UL WUS can be initially discussed in RAN2. Any L1-related triggering conditions can be discussed in RAN1
The following proposals are made:
Proposal 1: On-demand SSB is transmitted in the following scenarios:
· SCell is configured to a UE but before the UE receives SCell activation command (Scenario #2)
· After UE receives SCell activation command (Scenario #3)
Proposal 2: On-demand SSB transmission can be triggered after Scell activation is completed
Proposal 3: UE assumes always-on SSB is not transmitted (i.e. Case #1) by the cell supporting on-demand SSB SCell operation
Proposal 4: Support on-demand SSBs as cell-defining SSBs
Proposal 5: RAN1 to prioritize the following options for OD-SSB transmission:
· 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 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. FFS: A, N values.
Proposal 6: Support on-demand SSB SCell operation triggered by transmission of UL WUS
Proposal 7: Support using PRACH preamble on the PCell as UL WUS for triggering OD-SSB on the SCell 
Appendix: Agreements on OD-SSB SCell operation
RAN1#116 Agreements
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 
Agreement
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.

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
Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE
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)
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