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1. Introduction
In the WID of Rel-19 network energy savings (NES) [1], the objective of on-demand SSB SCell operation are listed as below:

· 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.

[bookmark: OLE_LINK258]In RAN1 #116 [2], the following is 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 

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)

This contribution provides our views on this topic. 
2. [bookmark: OLE_LINK937]Background

In the WID of Rel-19 (NES) [1], it is mentioned that on-demand SSB for SCell can be used at least for SCell time/frequency synchronization in inter-band SSB-less CA and facilitate SCell activation.

[bookmark: OLE_LINK282]Observation 1: As mentioned in the WID of Rel-19 (NES) [1], on-demand SSB for SCell can be used at least for SCell time/frequency synchronization in inter-band SSB-less CA and facilitate SCell activation.

Observation 2: To our understanding, the “on-demand SSB” is using legacy SSB pattern, so condensed (or compact) SSB burst which puts SSBs of different beams in a shorter time span seems out of scope.

For facilitation of SCell activation, on-demand SSB can be triggered to fill in more SSB bursts in one SSB burst period temporarily to reduce the large SCell activation delay, say in FR2, as shown in Figure 1.
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[bookmark: OLE_LINK262]Figure 1. Large SCell activation delay in FR2 due to Rx beam sweeping, AGC setting, cell search, and measurement [3]

Observation 3: For facilitation of SCell activation, on-demand SSB can be triggered to fill in more SSB bursts in one SSB burst period temporarily to reduce the large SCell activation delay, say in FR2, as shown in Figure 1.
3. Discussions of on-demand SSB SCell operation
[bookmark: OLE_LINK272]3.1 Impact to legacy initial attachment

For a UE performing initial cell search, it would search SSB on the synchronization raster as defined in 38.101-1 [4] Clause 5.4.3. As the on-demand SSB is only transmitted temporarily, it is needed to ensure the on-demand SSB would not be used for initial cell search.

[bookmark: OLE_LINK283][bookmark: OLE_LINK273]Observation 4: For a UE performing initial cell search, it would search SSB on the synchronization raster as defined in 38.101-1 [4] Clause 5.4.3. As the on-demand SSB is only transmitted temporarily, it is needed to ensure the on-demand SSB would not be used for initial cell search.

We hence have the following proposal:

[bookmark: OLE_LINK274]Proposal 1: The transmitted on-demand SSB would not fall on the synchronization raster defined in 38.101-1 [4] Clause 5.4.3.

In RAN1 #116 [2], the following is 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:
· [bookmark: OLE_LINK263][bookmark: OLE_LINK267]Case #1: No always-on SSB on the cell
· [bookmark: OLE_LINK264][bookmark: OLE_LINK265]Case #2: Always-on SSB is periodically transmitted on the cell
· [bookmark: OLE_LINK266]FFS: Whether always-on SSB and on-demand SSB are not cell-defining SSB if transmitted.
FFS: Which scenario the above applies for 

A nice illustration figure can be found from [5] as shown in Figure 2 for the two cases mentioned above.
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Figure 2. Illustration of “No always-on SSB” and “Always-on SSB is periodically transmitted on the cell” 
[5]

For the FFS of “whether always-on SSB and on-demand SSB are not cell-defining SSB if transmitted”, we have the following observation and proposal.

Observation 5: According to 38.300, cell-defining SSB is the SSB with an RMSI associated.

Proposal 2: As the purpose of on-demand SSB is for synchronization and measurement assistance of SCell, the triggered on-demand SSB can be without an associated RMSI (not a cell-defining SSB).

[bookmark: OLE_LINK270][bookmark: OLE_LINK269]For the case that there is no always-on SSB on the cell, to prevent legacy UE doing initial attachment or camping on the cell using the on-demand SSB, the cell barring (cellBarred) of the on-demand SSB in MIB can be set to “barred”.

[bookmark: OLE_LINK268][bookmark: OLE_LINK275]Proposal 3: The cell barring (cellBarred) of the on-demand SSB in MIB is set to “barred” if there is no always-on SSB on the cell.
· This is to prevent legacy UE doing initial attachment or camping on the cell using the on-demand SSB.

[bookmark: OLE_LINK276]3.2 Tiggering method(s) and information to be carried on the triggering signal

For the triggering method(s) of on-demand SSB SCell operation, as mentioned in the WID of Rel-19 (NES) [1], it would be selected from 
· UE uplink wake-up-signal using an existing signal/channel, 
· cell on/off indication via backhaul, 
· SCell activation/deactivation signaling

Observation 6: For the triggering method(s) of on-demand SSB SCell operation, as mentioned in the WID of Rel-19 (NES) [1], it would be selected from 
· UE uplink wake-up-signal using an existing signal/channel, 
· cell on/off indication via backhaul, 
· SCell activation/deactivation signaling

As the on-demand SSB is for connected mode usage and carrier aggregation, we think the most straightforward way is to use UL MAC-CE to send UE request and DL MAC-CE to inform UE the time/frequency domain properties of the to-be-transmitted on-demand SSB. Hence, we have the following observations and proposals.

Observation 7: The on-demand SSB is used for connected mode and carrier aggregation.

[bookmark: OLE_LINK277]Proposal 4: For on-demand SSB triggering, use DL MAC-CE to inform UE the time/frequency domain properties of the to-be-transmitted on-demand SSB. The DL MAC-CE can be used together with the SCell activation/deactivation.

Proposal 5: If needed, define an UL MAC-CE which includes the UE request of on-demand SSB and cell(s) which would need the on-demand SSB.

Proposal 6: The DL MAC-CE should include the following time domain properties of the to-be-transmitted on-demand SSB:
· SSBs (beams) to be transmitted in one SSB burst (Ex. using similar structure as ssb-PositionsInBurst)
· Number of SSB bursts
· Gap length between SSB bursts
· Triggering offset
· Number of SSB burst clusters (one cluster includes multiple SSB burst)
· Number of SSB bursts in one cluster
· Gap length between SSB burst clusters

Proposal 7: The DL MAC-CE should include the following frequency domain properties of the to-be-transmitted on-demand SSB (s):
· Absolute frequency position(s) of the SSB (Ex. using similar definition as absoluteFrequencySSB)

Proposal 8: If multiple SSB bursts are triggered on one SCell, all bursts in the SCell share the same configurations including antenna port index, OFDM symbol location, and PRB location.

4. [bookmark: OLE_LINK203]Conclusion
In this contribution, we focus on the discussions of on-demand SSB SCell operation and have the following observations and proposals: 

[bookmark: OLE_LINK271]Observation 1: As mentioned in the WID of Rel-19 (NES) [1], on-demand SSB for SCell can be used at least for SCell time/frequency synchronization in inter-band SSB-less CA and facilitate SCell activation.

Observation 2: To our understanding, the “on-demand SSB” is using legacy SSB pattern, so condensed (or compact) SSB burst which puts SSBs of different beams in a shorter time span seems out of scope.

Observation 3: For facilitation of SCell activation, on-demand SSB can be triggered to fill in more SSB bursts in one SSB burst period temporarily to reduce the large SCell activation delay, say in FR2, as shown in Figure 1.

Observation 4: For a UE performing initial cell search, it would search SSB on the synchronization raster as defined in 38.101-1 [4] Clause 5.4.3. As the on-demand SSB is only transmitted temporarily, it is needed to ensure the on-demand SSB would not be used for initial cell search.

Proposal 1: The transmitted on-demand SSB would not fall on the synchronization raster defined in 38.101-1 [4] Clause 5.4.3.

Observation 5: According to 38.300, cell-defining SSB is the SSB with an RMSI associated.

Proposal 2: As the purpose of on-demand SSB is for synchronization and measurement assistance of SCell, the triggered on-demand SSB can be without an associated RMSI (not a cell-defining SSB).

Proposal 3: The cell barring (cellBarred) of the on-demand SSB in MIB is set to “barred” if there is no always-on SSB on the cell.
1. This is to prevent legacy UE doing initial attachment or camping on the cell using the on-demand SSB.

Observation 6: For the triggering method(s) of on-demand SSB SCell operation, as mentioned in the WID of Rel-19 (NES) [1], it would be selected from 
1. UE uplink wake-up-signal using an existing signal/channel, 
1. cell on/off indication via backhaul, 
1. SCell activation/deactivation signaling

Observation 7: The on-demand SSB is used for connected mode and carrier aggregation.

Proposal 4: For on-demand SSB triggering, use DL MAC-CE to inform UE the time/frequency domain properties of the to-be-transmitted on-demand SSB. The DL MAC-CE can be used together with the SCell activation/deactivation.

Proposal 5: If needed, define an UL MAC-CE which includes the UE request of on-demand SSB and cell(s) which would need the on-demand SSB.

Proposal 6: The DL MAC-CE should include the following time domain properties of the to-be-transmitted on-demand SSB:
· SSBs (beams) to be transmitted in one SSB burst (Ex. using similar structure as ssb-PositionsInBurst)
· Number of SSB bursts
· Gap length between SSB bursts
· Triggering offset
· Number of SSB burst clusters (one cluster includes multiple SSB burst)
· Number of SSB bursts in one cluster
· Gap length between SSB burst clusters

Proposal 7: The DL MAC-CE should include the following frequency domain properties of the to-be-transmitted on-demand SSB (s):
· Absolute frequency position(s) of the SSB (Ex. using similar definition as absoluteFrequencySSB)

Proposal 8: If multiple SSB bursts are triggered on one SCell, all bursts in the SCell share the same configurations including antenna port index, OFDM symbol location, and PRB location.

5. [bookmark: OLE_LINK205]Reference
RP-234065, “New WID: Enhancements of network energy savings for NR”, Ericsson (Moderator), RAN #102
Chairman’s Notes (Younsun’s Session), RAN1 #116 (Rel-19 9.5.1 On-demand SSB SCell operation)
[bookmark: OLE_LINK261]RP-233662, “Network energy savings enhancements in Rel-19”, Huawei, HiSilicon, RAN #102
[bookmark: OLE_LINK260]3GPP TS 38.101-1, V18.4.0, “NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone”
R1-2401449, “On-demand SSB operation for SCell”, Qualcomm Incorporated, RAN1 #116

image1.png
The delay for AGC settling, cell search and L1-RSRP measurement during the

SCell activation command SCell activation procedure is 4*8*20ms SSB period = 640ms delay
A
N
SSB period 1 SSB period 2 SSB period 32
[T FT.--F [0 N [T ET.--F S

time

On-demand SSB with normal SSB pattern on FR2 SCell




image2.png
Deactivated Transition Activated

Legacy SSB I I I I I I I I I I I I

I Always-on SSB I On-demand SSB

Case 1: Always-on SSB is
transmitted in the cell I I

a) OD-SSBin transition only |

b) OD-SSB in both transition
and activated state I I

Case 2: No always-on SSB is
transmitted in the cell

a) Different OD-SSB

periodicity
b) Same OD-SSB periodicity

- e ----- I ¥





