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Introduction
In RAN meeting #102, the new WID regarding enhancements of network energy savings for NR [1] was approved. One objective of the work item regarding on-demand SSB SCell operation is 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. [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 on on-demand SSB SCell operation for Rel-19 NES.
Discussion
In CA scenario, gNB may configure one or more SCells for a UE, so that the UE can be activated with the one or more SCells for high data rate transmission when it has a large amount of data transmission demand, thereby improving the user throughput. In the legacy NR system, the gNB may configure the UE to measure and report the RRM results of an SCell by configuration of SSB based intra-frequency or inter-frequency measurement before it activates the SCell for the UE, so that the gNB can activate a suitable SCell for the UE according to the measurement results. However, in order to obtain the network energy saving gain, the gNB may not send the SSB on the one or more SCells. In this case, the UE cannot measure and report the RRM results of the configured SCell using the legacy method. In addition, in the inter-band CA scenario, UE may not obtain an accurate TA or frequency offset estimation for an SCell without SSB transmission. Therefore, in some scenarios, for example, when the UE requires large data transmission or time-frequency synchronization of an SCell, the UE needs to request the gNB to send an SSB on the SCell.
In general, the UE requests the gNB to send an SSB on an SCell may comprise three steps: the UE transmits an on-demand SSB request to the gNB for the SCell; the gNB responds to the UE whether SSB would be transmitted or not on the SCell after it receives the request signal; the gNB performs SSB transmission on the SCell. Details of these steps are discussed below.

2.1 Triggering method from UE side
Triggering of on-demand SSB request for an SCell can be performed by UE through transmission of an existing channel, e.g., PRACH or PUSCH. Specifically, the following two candidate schemes can be considered:
· Alt-1: On-demand SSB request is transmitted through PRACH. The gNB configures RO on the SCell for on-demand SSB request, and the UE can transmit PRACH on the RO when it requests SSB transmission on the SCell.
· Alt-2: On-demand SSB request is transmitted through PUSCH. Introducing an UL MAC CE for on-demand SSB request. When the UE requests SSB transmission on the SCell, it can transmit the MAC CE through DG-PUSCH or CG-PUSCH on the PCell.
For Alt-1, the advantage is that the gNB can determine the SSB beam requested by the UE according to the association relationship between SSB and RO on the SCell and the UE selected RO for PRACH transmission, so that the gNB may only transmit the SSB index corresponding to the needed SSB beam direction instead of transmit all the SSB indexes in the SSB burst to reduce the SSB overhead. The disadvantage is that the network energy saving gain may be reduced since the gNB needs to detect whether there is PRACH transmission on the SCell, and the SCell cannot be completely turn off.
For Alt-2, the advantage is that the UE may request SSB transmission for multiple SCells through one MAC CE, thus reducing the overhead of requesting signaling. Besides this request is transmitted on PCell, so that the SCell can be completely turned off. The disadvantage is that it is unable to distinguish which SSB beam direction is requested by the UE. When the gNB receives one request from one UE for an SCell, it also needs to send the SSB burst on the SCell, and the SSB overhead is large.
Each scheme has its advantages and disadvantages, both of which can be considered as candidate schemes for UE to trigger on-demand SSB transmission.
Proposal 1: On-demand SSB request can be transmitted through PRACH on SCell or PUSCH on PCell. 

[bookmark: _Hlk158886700]2.2 Confirmation from gNB side
In NR systems, normally it is the gNB that makes the decision. Even if the gNB receives the on-demand SSB request for the SCell from the UE, it shall be up to the gNB to decide whether to transmit the SSB on the SCell or not. Therefore, the gNB shall respond to the UE the on-demand SSB request for the SCell, i.e., the gNB decides to send the SSB burst on the SCell or not. 
In addition, if the gNB decides to send the SSB burst on the SCell, it may also indicate this information to other UEs which are also configured with this SCell but not transmit the on-demand SSB request, so that the other UEs may also perform RRM measurement or time-frequency synchronization through the SSB on the SCell based on the indication. 
[bookmark: _Hlk159197457][bookmark: _Hlk159198102][bookmark: _Hlk159199887]This indication can be taken as a confirmation from gNB side, and can be transmitted through GC-PDCCH on the PCell or SCell, or PDSCH on the PCell by introducing a DL MAC CE for response of on-demand SSB request. This confirmation may contain the information that SSB would be transmitted on the SCell or not, or the SSB indexes to be sent if decided to transmit to reduce the signaling overhead. Other necessary information for SSB transmission on the SCell, i.e., SMTC window for determining time domain positions of SSB burst and the ARFCN value for determining frequency domain position of SSB burst, can be configured by the gNB in advance.
[bookmark: _Hlk159198016]Proposal 2: Introduce a confirmation indication from gNB side to respond the on-demand SSB request from UE. 

2.3 SSB transmission on Scell
When the gNB decides to transmit SSB on the SCell, how long it needs to send the on-demand SSB is a problem to be solved. There are several candidate schemes as follows.
Alt-1: The gNB configures a timer for SSB transmission. In the duration of the timer running, the UE shall assume the SMTC is valid and the SSB burst is transmitted. If the timer expires, the UE shall assume the SMTC is invalid and the SSB burst is not transmitted.
Alt-2: Use the confirmation indication discussed above. If the UE receives a confirmation indication indicating SSB would be transmitted on the SCell, the UE shall assume the SMTC is valid and the SSB burst is transmitted. If the UE receives a confirmation indication indicating SSB would not be transmitted on the SCell, the UE shall assume the SMTC is invalid and the SSB burst is not transmitted.
Alt-3: The number of the SMTC transmission is indicated by the gNB, for example, the gNB configures the number of the SMTC transmission in advance, or indicates the remaining number of the SMTC transmission through GC-PDCCH. 
Proposal 3: The duration of the on-demand SSB transmission on the SCell can be determined by the gNB and indicated to the UE through a timer for SSB transmission or a dynamic/semi-static indication.
Figure 1 shows an example of on-demand SSB procedure. It assumes that the gNB configures the following information in advance: RO on the SCell as well as the association relationship between SSB index and RO, the positions of SMTC window for determining time domain positions of SSB burst, the ARFCN value for determining frequency domain position of SSB burst, the search space of GC-PDCCH for monitoring the confirmation indication from gNB, and a timer for SSB transmission on the SCell.


Figure 1. Illustration of on-demand SSB procedure
As shown in Figure 1, one UE sends an on-demand SSB request to the gNB on the PRACH resource of the SCell, which is used for requesting the gNB to send an SSB index on the SCell corresponding to the selected SSB beam direction. After receiving the PRACH, the gNB sends a GC-PDCCH carrying a confirmation indication to the UE. This confirmation indication is used to indicate that the gNB will send the SSB burst in the SMTC window on the SCell. UEs which are configured with the SCell shall monitor the GC-PDCCH no matter they send the on-demand SSB request to the gNB or not. If the UE detects the GC-PDCCH and determines that the gNB will send the SSB burst in the SMTC window on the SCell, it will start the timer for SSB transmission. In the duration of the timer running, the SMTC is valid, the SSB burst is transmitted, and the UE may use the on-demand SSB for RRM measurement or estimation of time-frequency synchronization for the SCell. If the timer expires, the UE shall assume the SMTC is invalid and the SSB burst is not transmitted by the gNB on the SCell.

Conclusion
In this contribution, we provide our views on on-demand SSB SCell operation for Rel-19 NES. The following proposals are provided.
Proposal 1: On-demand SSB request can be transmitted through PRACH on SCell or PUSCH on PCell. 
Proposal 2: Introduce a confirmation indication from gNB side to respond the on-demand SSB request from UE. 
Proposal 3: The duration of the on-demand SSB transmission on the SCell can be determined by the gNB and indicated to the UE through a timer for SSB transmission or a dynamic/semi-static indication.
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