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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on the WI description in RP-234065 [1], the following objective has been agreed on on-demand SSB SCell operation for NES:
	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.


In this contribution, we provide our views within the scope of WI. We first present general considerations for applicable use cases of SSB in SCell operation. Next, the detailed procedures of on-demand SSB transmission on SCell along with corresponding triggering methods are further discussed.
[bookmark: _Ref158191957]CA Feature and Applicable Use Cases of SSB in SCell Operation 
CA feature allows the aggregation of multiple contiguous or non-contiguous component carriers (CCs) to increase users' peak data rates in the uplink and downlink. CA can be used involving both intra-band scenario and inter-band scenario. In intra-band CA, CCs that belong to the same frequency band are aggregated where the band can be in either FR1 or FR2. In inter-band CA, CCs that belong to different frequency bands are aggregated, where the bands can be in FR1 or FR2, respectively.
In CA, the RRC_CONNECTED UE is configured with a set of serving cells consisting of one primary cell (PCell) and one or multiple secondary cells (SCell) depending on UE capability. Figure 1 shows the different states and management procedures of an SCell. The reconfiguration, addition and removal of SCells can be performed by RRC signaling. At intra-NR handover or during connection resume from RRC_INACTIVE, the network can also add, remove, keep, or reconfigure SCells for usage with the target PCell. When adding a new SCell, dedicated RRC signaling is used for sending all required system information of the SCell, i.e., while in connected mode, UEs need not acquire broadcast system information directly from the SCells. After an SCell is configured, it can be modified, activated, deactivated, or removed. These SCell management activities are performed on the PCell using RRC or MAC CE (for activation/deactivation only).
 [image: ]
[bookmark: _Ref158191329]Figure 1 The SCell management activities and states.
SSB is important for many SCell management activities in CA:
· SCell addition/modification: NW can rely on SSB-based measurement reports from UE to add/modify SCell(s). The quality of measurements helps in choosing the SCells that are good candidates for CA in both scenarios. On the one hand, SCell addition for a CA UE could happen after initial access, an incoming handover, or an incoming RRC connection reestablishment. The measurement-based SCell addition relying on SSB for L3 measurement events to detect the cell quality, is more accurate than blind addition. On the other hand, SCell modification could happen when NW detects that the quality of an added SCell varies and gets worse than a neighboring cell, which can happen when the UE is moving. SSB is needed to measure the qualities of different cells before NW deciding to modify an SCell.
· SCell activation: When the volume of DL/UL transmission of a UE increases, one or multiple SCell(s) can be activated to guarantee the communication performance. During the SCell activation procedure, SSB is necessary for UE to synchronize in time/frequency domain and perform measurements.
When the expected traffic load on an SCell is not frequently bursty (low SCell activation rate), and the mobility of the UE is low (low SCell addition/modification rate), SSB-based measurement is not needed often and SSBs can be turned off for the SCell. Then, SSBs can be triggered on again when needed, e.g., for SCell activation (upon traffic) or for SCell addition/modification (upon mobility). 
[bookmark: _Hlk157532158]Observation 1:  When SCell activation rate and addition/modification rate are low, SSBs are not needed that often for SCell operations and it is beneficial for the NES to turn them OFF.
 
[bookmark: _Ref129681832]Discussion on mechanism for on-demand SSB SCell operation
Based on Section ‎2, it can be observed that SSB transmission is required for the measurement for SCell addition/modification, and for the synchronization and measurement for SCell activation. Hence, triggering and related procedures of on-demand SSB should focus on the scenarios of SCell activation and measurements, while in other cases, the SSB transmission can be muted on the SCell to preserve NES.
Proposal 1:  On-demand SSB triggering and its related procedures should focus on the scenarios of SCell activation and measurements.
In this section, we discuss the procedures and triggering methods of on-demand SSB transmission on SCell, under the cases of measurements and SCell activation.
On-demand SSB activation triggering for measurements for SCell
To have accurate information on SCell(s) and make proper decisions, NW relies on UE measurements. For example, for SCell addition/modification, normally the NW uses SSB as reference signal. Hence, the on-demand SSB can be naturally demanded for the measurements on an SCell. Figure 2 shows that after on-demand SSB is transmitted, UE can start to perform on-demand SSB-based measurement. On-demand SSB-based measurements can be used in the following cases:
[image: ]
[bookmark: _Ref158192853]Figure 2 On-demand SSB for measurement
· Case 1: Measurement-based SCell addition. After initial access, or upon handover/RRC connection reestablishment in consequence of UE mobility, gNB triggers the transmission of on-demand SSB on candidate SCell(s) via PCell. The UE performs measurements with SSB on SCell(s) and sends the corresponding reports. gNB can decide suitable SCell(s) to add after evaluating the measurement reports.
· Case 2: Measurement-based SCell modification. After an SCell is added, gNB regularly instructs the UE to perform measurement on this SCell and the neighbor cells, e.g., using the RRC reconfiguration. If the SSB transmission on the neighbor cells of on-demand manner, then the NW triggers on-demand SSB on these cells. If the UE has moved to the edge of its current serving SCell, the measurement reports based on the SSB may indicate that the signal quality on this SCell is worse than its neighbor cells. Consequently, gNB can modify the SCell configured for the UE (a kind of handover but at SCell levels). Figure 3 shows an example of SCell modification where an SCell of the UE is modified from Cell 3 to Cell 1.  
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[bookmark: _Ref158193486]Figure 3 SCell Modification upon UE mobility
The above two cases show that on-demand SSB based measurement can be used for at least SCell addition/modification. It should also be noticed that the RRM impacted requirements w.r.t. the on-demand SSB transmission for measurement should be discussed by RAN4. Hence, we propose:
Proposal 2: On-demand SSB based measurement should be triggered by the gNB for at least SCell addition/modification. 
· FFS: RAN4 RRM impacted requirements.
On-demand SSB activation triggering for SCell activation
An added SCell can be activated via MAC CE or RRC in order to meet the bandwidth requirements for a high volume of DL/UL transmission. If no valid measurement has been executed before (no SSB is active), on-demand SSB activation should be triggered on the SCell at the same time of the SCell activation command (see, Figure 4). If valid measurements have been executed before (on-demand SSBs were already activated for measurements), then SCell activation command could or could not trigger on-demand SSBs (see, Figure 5). Clearly, the case in Figure 5 provides a reduced SCell activation time. To accelerate the SCell activation procedure in the example as shown in Figure 4 and enable an enhanced user experience, the triggered on-demand SSB can follow a compact pattern design as discussed in ‎[2].
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[bookmark: _Ref158194898]Figure 4 On-demand SSB for SCell activation where no SSB exists before
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[bookmark: _Ref158194971]Figure 5 SCell activation where on-demand SSB is activated for measurements before the SCell activation command. 
[bookmark: _Hlk158628688]Proposal 3:  On-demand SSB on an SCell should be triggered by gNB for the measurement and T/F synchronization in conjunction with the activation command for SCell, simultaneously or separately.
On-demand SSB activation/deactivation demand and indication for SCell
To have a shared knowledge between a connected UE and the gNB, the decision of on-demand SSB activation (starting transmission) and deactivation (stopping transmission) should be informed to the UE by gNB, and/or demanded by the UE (for on-demand SSB activation only) when needed. To facilitate the functionality of on-demand SSB on SCell, the triggering methods of on-demand SSB should be specified. Below, different triggering methods are provided.
· Uplink On-demand SSB request using an existing signal/channel as wake-up signal
UL WUS can be used for some scenarios with uplink traffic transmission requirement. When a UE requires more uplink resources, it can send WUS to gNB to trigger the on-demand SSB transmission on SCell. Here, the WUS design should be specified. Since the UE and gNB have established connection on the PCell, one simple way is through BSR. When the buffer reaches a certain threshold, NW can enable additional SCell(s) to facilitate uplink transmission. Besides, UE can also trigger on-demand SSB on SCell via certain uplink channel on PCell, e.g., UCI on PUCCH.
Proposal 4: Explicit on-demand SSB wake-up-signal for uplink traffic could be considered by RAN1 if there is benefits.
· DL on-demand SSB activation/deactivation indication
As mentioned previously, the on-demand SSB transmission can be activated by gNB for multiple purposes. Regarding to the case of SCell activation, the on-demand SSB activation indication can reuse the SCell activation command (MAC CE). However, with respect to the measurement for SCell addition/modification, it is necessary to introduce a new DL command that indicates the on-demand SSB transmission for UE. Akin to the SCell-activation command, the DL on-demand SSB activation command can be carried on a newly-introduced MAC CE. It can indicate the indexes of SCell(s) that the on-demand SSB is going to be transmitted. With this SSB activation indication, when to transmit on-demand SSB for SCell activation can be a discussion point, and it can be inferred that the on-demand SSB for SCell activation can be activated not together with the SCell activation command. As the two cases shown previously, Figure 4 illustrates the case where the on-demand SSB activation indication reuses the SCell activation command, while as a comparison, Figure 5 illustrates the case where SSB-based measurement can be triggered on a de-activated SCell by the on-demand SSB activation indication ahead of SCell activation command. In the latter case, the delay of the SCell activation procedure can be reduced (since some measurements have already been done). In general, the timing of on-demand SSB activation for SCell activation can be FFS, e.g., split in these two cases. 
When the large-bandwidth transmission is fulfilled and there is no data traffic on SCell, gNB can de-activate the SCell via MAC CE or SCellDeactivationTimer to inform the UE. In this case, SSB transmission on the SCell can be deactivated to obtain NES benefits. Alternatively, another new DL command can be introduced to indicate that the on-demand SSB transmission is deactivated for the UE. The timing of on-demand SSB deactivation in this case can also be FFS.
Proposal 5: RAN1 introduces DL on-demand SSB activation/deactivation indication that can be used for at least SCell addition/modification, SSB activation ahead of SCell activation command, and the deactivation of SSB transmission on SCell. The timing of the DL on-demand SSB activation/deactivation indication can be further discussed.

Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1:  When SCell activation rate and addition/modification rate are low, SSBs are not needed that often for SCell operations and it is beneficial for the NES to turn them OFF.
Proposal 1:  On-demand SSB triggering and its related procedures should focus on the scenarios of SCell activation and measurements.
Proposal 2: On-demand SSB based measurement should be triggered by the gNB for at least SCell addition/modification. 
· 	FFS: RAN4 RRM impacted requirements.
Proposal 3:  On-demand SSB on an SCell should be triggered by gNB for the measurement and T/F synchronization in conjunction with the activation command for SCell, simultaneously or separately.
Proposal 4: Explicit on-demand SSB wake-up-signal for uplink traffic could be considered by RAN1 if there is benefits.
Proposal 5: RAN1 introduces DL on-demand SSB activation/deactivation indication that can be used for at least SCell addition/modification, SSB activation ahead of SCell activation command, and the deactivation of SSB transmission on SCell. The timing of the DL on-demand SSB activation/deactivation indication can be further discussed.
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