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Introduction
The RAN WG approved work item on enhancements of network energy savings for NR [1], that includes the following objective:
	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.


Our view on other objective in the work item on enhancements of network energy savings are available in our companion contributions [2] and [3]. 
Motivation
In the past, intra-band CA with SSB-less SCell operation was standardized. During Rel-18, 3GPP also standardized the operation of inter-band CA with SSB-less SCell operation. However, both SSB-less SCell operation in intra-band and inter-band CA required the collocation of the PCell and the SCell in practice as the UE uses the time frequency synchronization acquired from the PCell to demodulate information from the SCell. In this objective, the target is to standardize on-demand SSB SCell operation to support scenarios that the PCell and SCell may not be collocated (see Figure 1). The study results available in [4] showed that operating a SCell without SSB could save a substantial amount of power, especially in low load situations. 


[bookmark: _Ref157691252]Figure 1: System setup for the case that PCell and SCell are not collocated and Intra- or Inter-band CA is used.
In our understanding, to enable this feature RAN1 needs to design the SSB transmission triggering methods as well as all related signalling methods, including details of on-demand SSB transmission and reception. It is also important that the UE knows when it can expect the on-demand SSBs to be transmitted.
SSB Trigger Design
In our understanding there are two major solution directions. In the first, the SSB trigger can be transmitted by the UE directly via the SCell (option 1). This has the advantage of no other entity being involved in this procedure. The other option would be that the SSB transmissions on the SCell are triggered via the PCell (option 2).
[image: ]
Figure 2. Different approaches on transmitting trigger for on-demand SSB in SCell.

Proposal 1: 
· Investigate how the SSB transmission in a SCell can be triggered using either:
· UL transmission in the SCell
· Trigger information transmission in the PCell

For the solution using the SCell (option 1), it would be important to define which channels can be used for such a transmission. Note that as shown in Figure 1 a rough timing and frequency synchronization might be available at the UE originating from the connection to the PCell. However, as the PCell and the SCell are not collocated and the difference in propagation characteristics including average delay, delay spread, and doppler shift can lead to errors in the available time and frequency synchronization at the UE. Based on synchronization requirements in [5], the range of the time and frequency error to be expected between the PCell and SCell at the UE can be defined. In the worst case a frequency error of ±0.1 ppm with respect to the PCell carrier frequency plus ±0.1 ppm with respect to the SCell carrier frequency in combination with a potentially different doppler shift for PCell and SCell (dependent on their location and the movement of the UE relative to it) can be expected. For time synchronization the worst case would be ±3 μs plus the difference in propagation delay, which can be quite large for wide are BS deployments. A UE is expected to handle up to 33 μs and 8 μs of maximum receive timing difference in FR1 and FR2, respectively, for inter-band NR CA [6]. If we consider the round trip time the trigger signal without any proper timing advance information could be perceived by the gNB, it could be larger than the maximum receive timing difference for inter-band NR CA cases.

Proposal 2: 
· Agree on the design target for the time and frequency error to be expected for the potential UL transmission triggering of on-demand SSB in the SCell.

Another aspect to consider is when the UE can expect the triggered SSBs will be transmitted (option 1 and option 2). In case trigger messages are received by the gNB from multiple UEs, it could be beneficial to be able to provide the on-demand SSB for multiple UEs possibly including UEs that may not have explicitly sent a request trigger. Details of the how the information for on-demand SSB delivery will be made available the UEs, including any timing relationship between the trigger and potential on-demand SSB needs further discussion. For both option 1 and 2, further discussions on how a UE determines the location and configuration of the on-demand SSB transmissions to be expected after the Scell is triggered is needed. 
For the second solution of using control information in the Pcell to trigger the SSB transmission in the Scell (option 2), further discussion and consideration is needed on the set of information should be conveyed to the SCell via the PCell to trigger the SSB transmission. 
For both option 1 and 2, further discussions on how a UE determines the location and configuration of the on-demand SSB transmissions to be expected after the SCell is triggered is needed.

Proposal 3: 
· RAN1 to discuss methods of conveying information for on-demand SSB delivery to the UEs, including any potential timing relationship between the trigger and the on-demand SSB.
· FFS whether on-demand SSB delivery information will be made only available to UEs that sent the trigger or whether it will be made available to any UEs. 

Conclusions
In this contribution, we have provided our views on on-demand SSB transmissions. In summary, we have the following list of proposals:
Proposal 1: 
· Investigate how the SSB transmission in a SCell can be triggered using either:
· UL transmission in the SCell
· Trigger information transmission in the PCell
Proposal 2: 
· Agree on the design target for the time and frequency error to be expected for the potential UL transmission triggering of on-demand SSB in the SCell.
Proposal 3: 
· RAN1 to discuss methods of conveying information for on-demand SSB delivery to the UEs, including any potential timing relationship between the trigger and the on-demand SSB.
· FFS whether on-demand SSB delivery information will be made only available to UEs that sent the trigger or whether it will be made available to any UEs. 
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  Figure  1 : System setup for the case that PCell and SCell are not collocated   and Intra -   or Inter - band CA   is used .   In our understanding ,   t o enable this feature RAN1 needs to design  the SSB transmission triggering methods as well as all  related signalling methods , including details of on - demand SSB transmission and  reception . It is also important that the UE  knows  when it can expect the on - demand SSBs to be transmitted.  

