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1	Introduction
The WID for NR Rel-19 “Enhancements of network energy savings for NR” [1] states the following:
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.
· 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)
· Note: 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.

In this contribution, we discuss how the above objective should be approached. We further provide proposals in line with this objective.
[bookmark: _Ref178064866]2	Discussion
2.1	Background
This WI objective is related to the energy savings technique B-1-1 in [2]: "Enabling of inter-band SSB-less SCell operation that may include mechanism for UE/gNB to trigger normal SSB transmission and/or reference signals, if needed, on a SCell for fast access, where the on-demand uplink triggering signal can be received either at inter-band SSB-less cell or another carrier/cell. RACH transmission opportunity may be supported in SSB-less SCell.“
Companies reported energy savings claims for technique B-1-1 ranging from 0.3% to 98.4% by enabling the SCell to go to sleep modes. How large the gains become depends on the assumed load and what other signals that the SCell is transmitting.
Across NR releases, 3GPP introduced several enhancements for SCell activation to support faster SCell activation and NW energy savings. A summary of those enhancements is presented below.
· NR Rel-15 SSB-less SCell for Intra-band contiguous CA: SCell can be configured without SSB for contiguous intra-band CA.
· NR Rel-17 Fast SCell activation: A-TRS is introduced to reduce the SCell activation delay for known SCells [3]. This is applicable for known SCells without any limitation on co-location and SCell can be intra-band or inter-band, and in FR1 or FR2.
· NR Rel-18 SSB-less SCell for inter-band co-located CA in FR1: When certain conditions are met, SCell can be configured without SSB for inter-band CA in FR1. The conditions under which SCell can be SSB-less is under discussion in RAN4. 
According to the WID, for on-demand SSB, the UE is in connected mode and configured with CA and, hence, it is configured with a PCell and one or more SCell(s). Note that the PCell is always activated and not dormant. The SCell(s) can be activated and dormant or not dormant, or deactivated.
2.2	On whether always-on SSB is additionally present in SCell
[bookmark: _Hlk158827569]An open question is whether always-on SSB transmissions can or should be possible together with on-demand SSB transmissions in SCells. In RAN1#116, the following 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.

First, we need to clarify what is meant by “no always-on SSB on the cell”. Note that legacy NR supports not transmitting always-on SSB in an SCell for certain scenarios (specifically, for intra-band contiguous CA and, under some conditions, for inter-band co-located CA in FR1). However, for such SSB-less SCells, UEs will listen and measure on SSB transmissions in another cell (e.g., the PCell or another SCell) that has QCL relation with the SSB-less SCell. Hence, it is unclear what is the gain of providing additional on-demand SSB transmissions in the SSB-less SCell.
In our view, on-demand SSB operation should provide new opportunities for NW to turn off always-on SSB transmissions in an SCell such that we can achieve additional NW energy saving gains compared to legacy NR. For example, if there are no SSB transmissions at all during the deactivated state of the SCell, the NW can go to deep sleep prior to SCell activation, resulting in significant NW energy savings, e.g., for low-load scenarios. The downside of this approach, however, is that cell will not be accessible by legacy UEs that expect always-on SSB transmissions to be present in an SCell.
[bookmark: _Toc163221753]Not transmitting always-on SSB in an SCell configured with on-demand SSB maximizes NW energy saving gains but makes the SCell unavailable to legacy UEs.
On the other hand, if always-on SSB is periodically transmitted in an SCell, on-demand SSB operation could enable the SCell to have a static configuration of SSB with a longer periodicity (e.g., 160ms), and then add more frequent SSB transmissions, e.g., in conjunction to SCell activation, which can reduce SCell activation delay. In this case, the SCell will be accessible by legacy UEs but the presence of always-on SSB transmissions limits deep sleep opportunities, which, in turn, limits NW energy savings.
[bookmark: _Toc163221754]Transmitting always-on SSB with long periodicity (e.g., 160 ms) in an SCell configured with on-demand SSB makes the SCell available to legacy UEs but the NW energy savings are not as large as if always-on SSB are completely turned off.
Our preference is to prioritize cases that maximizes NW energy savings, and, hence, we propose:
[bookmark: _Toc163221757]Support on-demand SSB SCell operation without always-on SSB in the SCell.
Based on the above discussion, NW should be able turn off always-on SSB transmissions in an SCell that does not satisfy requirements for SSB-less SCell, if said SCell is configured with on-demand SSB. In other words, NW can turn off always-on SSB irrespectively of CA configuration, which is in line with the below RAN1#116 agreement:
Agreement
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.

Whether to turn off always-on SSB should be up to NW implementation, i.e., always-on SSB can be optionally present in an SCell configured with on-demand SSB. In this way, NW can choose to maximize energy savings by completely turning off SSB transmissions prior to SCell activation or, alternatively, choose to make SCell accessible to legacy UEs by providing always-on SSB with long periodicity while maintaining a short activation delay for Rel-19 UEs via on-demand SSB provision. 
Finally, note that always-on and on-demand SSB terminology was introduced for sake of discussion in RAN1#116. They can be considered as two different SSB configurations, e.g., with different periodicities, etc. and the gNB can switch the periodicities accordingly.
2.3	On whether on-demand SSB is cell-defining or not
According to above RAN1#116 agreement, it is for further study whether always-on and/or on-demand SSB is cell-defining or not. In our view, if always-on SSB is present in the SCell, it could be cell-defining or not depending on NW implementation (same as in legacy NR). For on-demand SSB, the WID states that on-demand SSB operation is targeting UEs in connected mode configured with CA. Such UEs are already connected to a PCell and, hence, there is no need for the on-demand SSB to be cell-defining. 
[bookmark: _Toc163221758]Support on-demand SSB SCell operation where the on-demand SSB is not cell-defining.
It is important that temporary on-demand SSB provision does not impact on the idle mode coverage. This is especially important if an SCell for one UE is used as a PCell for another idle mode UE.
[bookmark: _Toc158921032][bookmark: _Toc163221759]On-demand SSB provisioning should not impact idle mode coverage.
To avoid impact on idle mode coverage, on-demand SSB transmissions should at least not lead to cell access attempts by legacy UEs. One robust approach to achieve this is to place the on-demand SSBs off the GSCN raster. Other ways to make the additional SSBs irrelevant to idle mode UEs, while keeping them usable for SCell activation support, can be based on missing a valid link to SIB1, otherwise invalidating the PBCH/MIB fields, using modified sequences, etc. Trade-offs associated with the different approaches should be studied as part of this objective. 
[bookmark: _Toc163221760]Study whether off-raster placement or other approaches should be used to avoid impact of on-demand SSB transmissions on legacy UEs.
2.4	On-demand SSB before and/or after SCell activation
Another point for further study in the above agreement concerns scenarios for which on-demand SSB SCell operation is supported. This was further discussed in RAN1#116 and the following agreement was reached: 
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

According to the above agreement, on-demand SSB is supported after an SCell is configured. However, it is open whether on-demand SSB should be supported for a configured SCell only before/after the SCell is activated.
Providing on-demand SSB, prior to sending an SCell activation command (i.e., as in Scenario 2), enables that the NW can find out which SCell(s) are suitable for a UE. For example, NW may trigger on-demand SSB for several configured/candidate SCells and, depending on received UE reporting, decide which SCell(s) to eventually activate for a UE. Although this process to collect UE measurement reports and decide which SCell(s) to activate is lengthy, the subsequent SCell activation time will be reduced as UEs will have already performed measurements in the SCells to be activated (e.g., the SCell may be in a known state). On the other hand, providing on-demand SSB after (or at the same time as) sending an SCell activation command (i.e., as in Scenario 3) not only minimizes overhead (the same DL transmission can indicate both on-demand SSB and SCell activation), but also minimizes the total time it takes from providing on-demand SSB until the SCell is activated. Hence, there are benefits with supporting on-demand SSB for both Scenario 2 and Scenario 3.
[bookmark: _Toc163221755]On-demand SSB provision can be beneficial both before and after sending SCell activation command.
Based on the above observation, in our view, there is no need to limit on-demand SSB provision to SCell activation command, as it limits the use case for on-demand SSB.
[bookmark: _Toc163221761]On-demand SSB can be provided for a UE in a configured SCell, irrespectively of whether UE has received SCell activation command or not.
2.5 	On-demand SSB triggering
It was agreed in RAN1#116 that NW can trigger on-demand SSB operation, with details of said triggering being for further study:
Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE.

In connected mode, on-demand SSB can be configured for a UE’s SCell via RRC signaling. The details of such on-demand SSB configuration can be left to RAN2. Whether a single or multiple on-demand SSB configurations (e.g., of different periodicity) can be configured per SCell can be further discussed. 
By default, to maximize NW energy saving gains, on-demand SSB should not be transmitted upon providing the on-demand SSB configuration to the UE. Hence, after on-demand SSB configuration is provided, UEs in connected mode need to receive some form of indication that on-demand SSB transmissions are activated. For the SCell activation scenario, it appears reasonable that such indication comes from the gNB via the PCell or through another activated and non-dormant SCell.
[bookmark: _Toc163221762]For SCell activation scenario, a UE is informed of on-demand SSB transmission with an indication provided via UE’s active cell.
SCell activation command is signaled via MAC CE and triggered based on the need for additional downlink or uplink capacity. It seems reasonable that similar mechanisms are adopted also for informing UE of on-demand SSB. In this way, for example, a same DL transmission in another cell could indicate both on-demand SSB transmission and SCell activation. With that said, there may be scenarios where NW waking up from sleep want to indicate, at the same time, on-demand SSB to multiple UEs configured with the same SCell. Mechanisms to indicate at the same time on-demand SSB to multiple UEs could be additionally studied.
[bookmark: _Toc163221763]UEs are informed of on-demand SSB transmissions, at least, via MAC CE signaling.
As discussed above, to support on-demand SSB both before and during SCell activation, said MAC CE signaling should be separate from existing SCell activation signaling, but the details of said MAC CE signaling can be left to RAN2.
Whether or not a UE should be additionally able to trigger on-demand SSB can be discussed, but for the SCell activation scenario we currently do not see any case where that is motivated. UE triggered on-demand SSB should be motivated by that the UE has some information that the network does not.


2.6	On-demand SSB transmission patterns
In RAN1#116, the following was agreed on starting, stopping, and adapting on-demand SSB transmissions:
[bookmark: _Toc158921030]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)


The most basic functionality needed for on-demand SSB are mechanisms to start on-demand SSB transmissions in an SCell with a certain periodicity and to stop ongoing on-demand SSB transmission. 
[bookmark: _Ref163199248][bookmark: _Toc163221764]Support mechanisms to start on-demand SSB transmissions on an SCell and to stop an ongoing on-demand SSB transmission.
By stopping an ongoing on-demand SSB transmission with periodicity, e.g., T1, and at the same time starting a new one with a different periodicity, e.g., T2, we effectively switch periodicity. There can be practical optimizations to reduce the signaling for switching periodicity. For example, an indication to start on-demand SSB with periodicity T2 can replace ongoing on-demand SSB transmission. 
[bookmark: _Ref163199257][bookmark: _Toc163221765]Support mechanism to switch on-demand SSB periodicity.
We note that all the options mentioned in the agreement can be implemented using the mechanisms in Proposal 8 and Proposal 9:
· For Option 1 (and 1A), 
· at time instance A, start on-demand SSB with periodicity T (until on-demand SSB is stopped)
· For Option 2, 
· at time instance A start on-demand SSB with periodicity T, followed by
· at time instance B stop on-demand SSB.
· For Option 3, 
· at time instance A start on-demand SSB with periodicity T, followed by
· at time instance A + N*T stop on-demand SSB.
· For Option 4, 
· at time instance A start on-demand SSB with periodicity T1, followed by
· at time instance B stop ongoing on-demand SSB transmission and start on-demand SSB with periodicity T2 (effectively: switch periodicity).
[bookmark: _Toc163221756][bookmark: _Toc163200107]Regarding SSB burst(s) triggered for on-demand SSB SCell operation, all the patterns listed in the past agreement (Options 1, 1A, 2, 3, 4) can be implemented with mechanisms to start/stop on-demand SSB with a specified periodicity and mechanisms to switch periodicity.
[bookmark: _Toc158734841]There can be optimizations to realize, e.g., Option 3 or Option 4 with minimal signalling between the gNB and the UE. For example, an indication that states already from the beginning that on-demand SSB will be turned on with a specific periodicity for a predefined duration and then turned off. Such optimizations should be weighed against the increased configuration complexity that they introduce.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Not transmitting always-on SSB in an SCell configured with on-demand SSB maximizes NW energy saving gains but makes the SCell unavailable to legacy UEs.
Observation 2	Transmitting always-on SSB with long periodicity (e.g., 160 ms) in an SCell configured with on-demand SSB makes the SCell available to legacy UEs but the NW energy savings are not as large as if always-on SSB are completely turned off.
Observation 3	On-demand SSB provision can be beneficial both before and after sending SCell activation command.
Observation 4	Regarding SSB burst(s) triggered for on-demand SSB SCell operation, all the patterns listed in the past agreement (Options 1, 1A, 2, 3, 4) can be implemented with mechanisms to start/stop on-demand SSB with a specified periodicity and mechanisms to switch periodicity.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Support on-demand SSB SCell operation without always-on SSB in the SCell.
Proposal 2	Support on-demand SSB SCell operation where the on-demand SSB is not cell-defining.
Proposal 3	On-demand SSB provisioning should not impact idle mode coverage.
Proposal 4	Study whether off-raster placement or other approaches should be used to avoid impact of on-demand SSB transmissions on legacy UEs.
Proposal 5	On-demand SSB can be provided for a UE in a configured SCell, irrespectively of whether UE has received SCell activation command or not.
Proposal 6	For SCell activation scenario, a UE is informed of on-demand SSB transmission with an indication provided via UE’s active cell.
Proposal 7	UEs are informed of on-demand SSB transmissions, at least, via MAC CE signaling.
Proposal 8	Support mechanisms to start on-demand SSB transmissions on an SCell and to stop an ongoing on-demand SSB transmission.
Proposal 9	Support mechanism to switch on-demand SSB periodicity.
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