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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN#102, a new Rel-19 WID “Enhancements of network energy savings for NR” has been approved with the following objectives[1] aim to specify further network energy saving techniques which were found to be beneficial in the study[2] and not be standardized yet in Rel-18.
	[bookmark: _Hlk162274596]The objectives of the work item are 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.

2. Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Triggering method by uplink wake-up-signal using an existing signal/channel.
· Wake-up-signal configuration provisioning to UE 
· Note: No modification of SSB will be discussed under this objective
· Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
· Checkpoint for normative work in RAN#105

3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 

4. Specify the corresponding core requirements, for the above features [RAN4].


In this contribution, we will mainly discuss the first objective on-demand SSB SCell operation and provide some considerations and recommendations.

1. Discussion
0. Overall considerations
In the last meeting (#116bis), some overall considerations such as scenarios were discussed for on-demand SSB SCell operation and the following agreements which have FFSs could be further discussed were proposed[3].
	[bookmark: _Hlk162281776]Agreement#1
For the identified scenarios and cases (as per RAN1#116 agreement), on-demand SSB can be triggered by gNB at least for the following scenarios/cases:
· Scenario #2 and Case #1
· Scenario #2 and Case #2
· Scenario #2A and Case #1
· Scenario #2A and Case #2
· FFS: Scenario #3A and Case #1
· FFS: Scenario #3A and Case #2
· FFS: Scenario #3B and Case #1
· FFS: Scenario #3B and Case #2
· For Case #1, once on-demand SSB is triggered, its transmission is in a periodic manner.
· Note: This does not imply periodic on-demand SSB is transmitted indefinitely after triggered.
· Notes:
· Scenario #2A refers to
· “When UE receives SCell activation command (e.g., as defined in TS 38.321)”
· Scenario #3A refers to
· “After UE receives SCell activation command (e.g., as defined in TS 38.321) until SCell activation is completed”
· Scenario #3B refers to
· “When SCell activation is completed and SCell is activated” or
· “After SCell activation is completed and SCell is activated”
· For discussion purpose under AI 9.5.1, always-on SSB is SSB supported in Rel-18 specifications.
· Timing for on-demand SSB transmission (e.g. when the triggered SSB starts and ends) will be separately discussed.

Agreement#2
· For a cell supporting on-demand SSB SCell operation,
· Note: It is up to gNB implementation whether always-on SSB (if transmitted) on the cell is cell-defining SSB or not.
· For on-demand SSB on the cell, downselect between the following alternatives
· Alt-1: It is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.
· Alt-2: On-demand SSB is limited to non-cell-defining SSB.
FFS: Further limitations to on-demand SSB

Agreement#3
· For a cell supporting on-demand SSB SCell operation,
· L1 and/or L3 measurement based on on-demand SSB is supported for the cell.
· FFS further details on L1 and/or L3 measurement


[bookmark: OLE_LINK15][bookmark: OLE_LINK79][bookmark: OLE_LINK77][bookmark: _Ref129681832]For agreement#1, scenario #2 and #2A as shown in Figure 1 were agreed to support in last meeting. As to scenario #3A and #3B, our view is only to support scenario #3A and case #1. After the SCell has been configured to the UE via RRC, but before the UE receives the SCell activation command, the UE may need measure the SSBs and report so that the network can activate the SCell accordingly, so in order to enable fast activation of the SCell, it is necessary to support on-demand SSB in scenario #3A. But after the SCell is activated successfully, it no longer needs to consider saving network energy by entering the connected state, in which case UE could assume periodic SSB transmission which has triggered in the before scenario for sync, AGC, etc. as legacy. So, the intention to support scenario #3B is not justified.
Although the case #2 in scenario #2 and #2A is agreed, we still think only case #1 should be considered to support in scenario #3A. If the periodically always-on SSB is supported by the SCell, on the one hand, if the periodicity configured is too long, the UE will still not be able to use the SSB for synchronization and measurement in time, and on the other hand, if the periodicity configured is not too long, the gain of energy saving will be greatly reduced considering that there are still on-demand SSBs will be transmitted. 
As to whether the on-demand SSB is a cell-defining SSB or a non cell-defining SSB, since the existing spec supported indicating whether the SSB is associated or not with a SIB1 via MIB, this can be left to the network implementation.
For agreement#3, we support to further discuss whether/how to handle collision issue between SSB and other signals/channels and rate-matching issue and whether/how to allow overlapping of always-on SSB if present and on-demand SSB, but those are secondary details after we agree on the scenarios and transmission pattern.
[image: ]Figure 1. Illustration of on-demand SSB operation scenarios

Observation 1: If always-on SSB is supported by the SCell, the gain of energy saving will be greatly reduced considering that there are still on-demand SSBs will be transmitted.
Proposal 1: Support scenario #3A and case #1 and not support scenario #3B.
Proposal 2: Support Alt-1 whether the on-demand SSB is cell-defining SSB or non cell-defining SSB can be left to the network implementation.
Proposal 3: De-prioritize to discuss of L1 and/or L3 measurement based on on-demand SSB after the scenarios and transmission pattern is agreed.

0. Network triggered on-demand SSB SCell operation
In the last meeting (#116bis), network triggered on-demand SSB were discussed and the following agreements with FFSs were made[3].
	Agreement#4
· For SSB burst(s) indicated 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).
· 
Agreement#5
For a cell supporting on-demand SSB SCell operation, further study the following options.
· Option 1: Separate signaling between legacy/existing signaling (e.g., RRC, MAC CE) providing SCell activation/deactivation and signaling providing On-demand SSB transmission indication.
· Option 2: A single signaling in which both SCell activation/deactivation and On-demand SSB transmission indication are provided.
· FFS: Details of the signaling
· Other options are not precluded.
· FFS: Details on On-demand SSB transmission indication




Regarding agreement#4, we suggest specifying which option is supported before considering signaling and parameter design. For scenario #2, where the SCell has been configured to the UE but the UE has not yet received SCell activation, option 3 can be supported considering maximizing energy savings. For scenario #2A and #3A, where the UE receives a SCell activation command and no longer needs to consider saving network energy by entering the connected state, option 1 can be supported. Considering that option 3 is equivalent to option 1 when N is infinite, we recommend supporting option 3.
For agreement#5, we support option 1 which separate signaling between legacy/existing signaling providing SCell activation/deactivation and signaling providing On-demand SSB transmission indication. To indicate the on-demand SSB transmission, defining a new MAC CE rather than augmenting the existing SCell activation MAC CE is more recommended, as it works for all the scenarios.
Proposal 4: Support option 3 that on-demand SSB burst(s) is transmitted N times for both scenario #2, #2A and scenario #3A.
Proposal 5: Support option 1 which separate signaling between SCell activation/deactivation and On-demand SSB transmission indication and define a new MAC CE to indicate the on-demand SSB transmission.

0. UE triggered on-demand SSB SCell operation
In the last meeting (#116bis), only network triggered on-demand SSB were discussed while UE triggered on-demand SSB is still open for further discussion[4].
	Copied from R1-2401840:
· Study further whether/how to support on-demand SSB SCell operation triggered by UE.



For scenario #2 where SCell is configured to a UE but before the UE receives SCell activation command mentioned above, we think it makes more sense to use UE triggered On-demand SSB. When the SCell needs to be activated due to uplink data demand, the UE can send an on-demand SSB request while reporting the BSR, so that the UE can quickly report the measurement report after the network sends the measurement request, in order to activate the SCell more quickly in the subsequent process. So we think UE triggered on-demand SCell SSB operation should be supported.
There are two possible ways for a UE to trigger the SCell to send SSB. The first is that the UE sends an on-demand request to the PCell and the PCell sends a WUS to the SCell as shown in Figure 2, especially before the SCell is activated. In this case, the signaling providing On-demand SSB transmission indication designed in the previous section can be reused. Regarding the on-demand request sent by the UE to the PCell, the UCI, e.g. the newly defined SR or MAC CE, is preferred and the PCell can configure the PUCCH resources it uses which both common and dedicated resources should be considered.
Proposal 6: Support UE triggered on-demand SSB SCell operation.
Observation 2: One way for UE triggered on-demand SSB SCell operation is to send the on-demand request via PCell.
Proposal 7: UCI, such as new SR or MAC CE can be used as on-demand request sent to the PCell.

UE directly sending WUS to the SCell is another possible way for UE triggered on-demand SSB SCell operation. As shown in Figure 3, considering SCell may not be configured with PUCCH, a dedicated PRACH similar to the on-demand SI supported by current specification or SRS can be used as the WUS.
Observation 3: UE directly sending WUS to the SCell is another possible way for UE triggered on-demand SSB SCell operation.
Proposal 8: Dedicated PRACH or SRS can be considered as the WUS sent to the SCell.
[image: C:\Users\z00011950\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\FBDE3715.tmp]
Figure 2. Illustration of a UE triggered on-demand SSB operation via PCell

[image: C:\Users\z00011950\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\E6381442.tmp]
Figure 3. Illustration of a UE directly triggered on-demand SSB operation

1. Conclusions
In this contribution, we discuss the on-demand SSB SCell operation and provide some overall considerations and recommendations. The following observations and proposals are given:
Observation 1: If always-on SSB is supported by the SCell, the gain of energy saving will be greatly reduced considering that there are still on-demand SSBs will be transmitted.
Observation 2: One way for UE triggered on-demand SSB SCell operation is to send the on-demand request via PCell.
Observation 3: UE directly sending WUS to the SCell is another possible way for UE triggered on-demand SSB SCell operation.

Proposal 1: Support scenario #3A and case #1 and not support scenario #3B.
Proposal 2: Support Alt-1 whether the on-demand SSB is cell-defining SSB or non cell-defining SSB can be left to the network implementation.
Proposal 3: De-prioritize to discuss of L1 and/or L3 measurement based on on-demand SSB after the scenarios and transmission pattern is agreed.
[bookmark: _GoBack]Proposal 4: Support option 3 that on-demand SSB burst(s) is transmitted N times for both scenario #2, #2A and scenario #3A.
Proposal 5: Support option 1 which separate signaling between SCell activation/deactivation and On-demand SSB transmission indication and define a new MAC CE to indicate the on-demand SSB transmission.
Proposal 6: Support UE triggered on-demand SSB SCell operation.
Proposal 7: UCI, such as new SR or MAC CE can be used as on-demand request sent to the PCell.
Proposal 8: Dedicated PRACH or SRS can be considered as the WUS sent to the SCell.
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