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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
WID for ‘Enhancements of network energy savings for NR’ has been revised in RAN#103 with requirements for the on-demand SSB SCell operation as following [1]:
1. Specify procedures and signalling 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]
0. 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)
0. 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.
The following agreements have been reached in RAN1#116 [2]:

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
 
[bookmark: _Hlk162013380]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).
In this contribution, we discuss our views on the issues to support ‘On-demand SSB for SCell operation’.
[bookmark: _Ref129681832]Discussion
Indication of on-demand SSB
On-demand SSB for SCell operation can be enabled semi-statically or dynamically. 
For the scenario of Case#1, enabling of on-demand SSB may be provided via dedicated RRC signaling on PCell if the connected mode UE has a PCell connection. 
Enabling of on-demand SSB for SCell may also be provided via DCI format 1_x on PCell with a carrier indication field to indicate the applicable carrier for the enabling of on-demand SSB transmission.
Proposal 1: On-demand SSB for SCell may be enabled via dedicated RRC signalling on PCell. 
Proposal 2: On-demand SSB for SCell may be enabled via DCI format 1_x on PCell with a carrier indication field to indicate the applicable carrier.

For the scenario of Case#2, enabling of on-demand SSB can be provided either on PCell or the NES SCell.

[bookmark: _Hlk158822851][bookmark: _Hlk158194041]On-demand SSB Configuration
As UEs generally assume that SSB shall be transmitted periodically by the gNB and hence schedule their measurement procedure accordingly. However, for the case of on-demand SSB, the UE needs to be indicated whether SSB associated to a serving is transmitted periodically or on-demand. Hence, gNB shall indicate to UE within serving cell configuration (e.g., within SSB configuration of a given serving cell) or within measurement object configuration (if RRM measurements are enabled for the SCell), whether SSB is periodically transmitted or transmitted on-demand. The configuration shall also contain the configuration (e.g. radio resources) to initiate UE request if the on-demand SSB is UE-initiated.

As SSB reception in a UE may require a UE to perform reception of multiple SSBs over consecutive SSB periods to achieve robust decoding performance or to perform UE beam sweeping, the on-demand SSBs should be transmitted multiple times once transmission is initiated. Hence the configuration should also indicate information of on-demand SSB transmission occasions e.g. periodicity of on-demand SSB and duration of time for which SSB shall be transmitted. The duration of on-demand SSB transmission can be set as an absolute value e.g. 100ms or be based on a counter of SSB periods (e.g. 5 periods of SSB transmissions).

The configuration of on-demand SSB transmission of a SCell can also be the same as PCell or another serving cell. If all or a part of configurations/parameters are the same, the network can indicate to the UE that the on-demand SSB configuration of serving cell is the same as another serving cell, e.g. via ServCellIndex or SCellIndex. 

On-demand SSB configuration including UE assistance information can be done via dedicated RRC messages.

Proposal 3: Configuration of on-demand SSB for SCell may be provided via dedicated RRC messages and shall indicate the following
1. Information of associated serving cells 
1. Resources for UE request for UE-initiated on-demand SSB
1. SSB transmission parameters

On-demand SSB applicable scenarios
In RAN1#116, two cases, Case#1 and Case#2, were agreed for the potential scenario for the on-demand SSB SCell operation.

An eNES cell (a cell with on-demand SSB transmission) of case#1 is not backward compatible with non-eNES UE (a UE not capable of on-demand SSB operation), including Rel-18 NES UE which cannot perform RRM measurement nor even find the cell. Impact on SCell operation is expected to be considerable. On the other hand, eNES cell of case#2 can be backward compatible, in which case, any UE can normally operate (at least as an SCell). Always-on SSB on eNES cell of case#2 can be configured with long periodicity such as 160ms of Rel-15, so energy saving gain can be expected for case#2. Considering the impact of Case#1 and both Case#1 and Case#2 could be expected to have energy saving gain, case#1 should have significant energy saving gain over case#2 for its justification.

Proposal 4: Discuss if Case#1 has significant gain over case#2 for down-selection of the cases.

When considering the gain, assumption on traffic of the NES cell should not be low as it is an SCell for capacity. In case traffic on the SCell is low, more energy saving gain can be achieved by completely turning the SCell off.

Proposal 5: For down-selection, assumption on traffic of the NES cell should not be low.

UE Request for on-demand SSB
Both the UE and gNB may trigger on-demand SSB. On-demand SSB can be triggered for the following reasons:
· SCell timing synchronization
· SCell activation
· RRM measurements
· LTM measurement upon activation/deactivation of LTM candidates cells
[bookmark: _Hlk158825984]Whether on-demand SSB is initiated by network or triggered based on UE request depends on the use case. For some of the above use cases, e.g. SCell activation or periodic RRM measurements, gNB can initiate the transmission of SCell SSB without UE request as gNB is aware of these event occurrences. 

For some other cases, e.g. when a UE loses time synchronization with SCell, on-demand SSB should be triggered by the UE. For maintaining time sync, UEs are expected to perform regular SSB measurements based on different UE internal factors like clock drift rate, UE mobility, etc. The occurrences of such events and thus the requirement for time sync may not be known at the gNB and hence it is preferable for the UE to request the SSB transmission from the gNB in such cases.

UE request for on-demand SSB on SCell may be sent to PCell dynamically using a set of configured PUCCH resources. When on-demand SSB request from the UE is sent via UCI on PUCCH, new UCI bits can be defined indicating the on-demand SCell SSB request from the UE. gNB may configure which PUCCH resources can be used for on-demand SSB request transmission.

[bookmark: _Hlk162351461]Proposal 6: Specify on-demand SCell SSB request based on the cause of UE request. 

Proposal 7: UE request for on-demand SSB on SCell may be sent via PCell dynamically via configured PUCCH or SR resources.

On-demand SSB can be transmitted whenever it is needed e.g., for SCell time/frequency synchronization, L1/L3 measurements and SCell activation. The need for on-demand SSB can be determined and triggered by the UE. 

In Case#2, on-demand SSB may be transmitted in the same frequency as an always-on SSB (even if it is NCD SSB) or it can be transmitted on a different frequency from the always-on SSB. Collision handling can be needed in case that they are transmitted in the same frequency, e.g. where they fall in the same half frame and have different configuration for such as ssb-PositionsInBurst. Even if the on-demand SSB can be transmitted on frequency locations which are not used by always-on SSB, a dropping rule may also be needed in case that the transmissions of always-on SSB and on-demand SSB are close in time, in order to minimize the number of repeated SSB transmissions, thereby maximising the network energy saving gain.

For Case#2, on the other hand, there may be a case that on-demand SSB is beneficial even if always-on SSB transmission is close by. For example, for SCell activation, a UE may require transmission of multiple SSB bursts to determine the best Rx beam of the SCell. In this case, it would be needed that on-demand SSB bursts are transmitted even if they are very close to the always-on SSB transmission.

[bookmark: _Hlk162975326]As seen above, in case that always-on SSB and on-demand SSB transmissions are close in time, there would be cases where either always-on or on-demand SSB can be dropped while there could also be cases where both always-on SSB and on-demand SSB may be needed. As a result, the triggering criteria for on-demand SSB request from the UE can be considered. For example, when always-on SSB transmission is already present, UE may only trigger on-demand SSB request for cases like determining the best Rx beam during SCell activation. On-demand SSB request may be dropped if the trigger is for the usual ‘synchronization’, which can be performed using the always-on SSB.

The enabling/disabling of the dropping rule for on-demand SSB may be indicated explicitly in conjunction with the enabling of on-demand SSB, or supported implicitly by default. For example, gNB may need to provide the frequency location of on-demand SSB independent of the always-on SSB. Another example is for that if UE is requesting the on-demand SSB transmission, UE may need to indicate to gNB that on-demand SSB transmission is required for Rx beam determination. If gNB decides that always-on SSB is sufficient for UE request, gNB may drop the requested on-demand SSB transmission.
Always-on SSB may have higher priority than on-demand SSB. If there is an always-on SSB transmission within T after the time when an on-demand SSB is due, UE is not expected to receive a response for on-demand SSB. Instead, UE is expected to monitor the always-on SSB.
On the other hand, if the UE knows there is an always-on SSB following a fixed cycle, e.g. within T based on the time when the UE intends to send the on-demand SSB request, the UE’s on-demand SSB request may be suppressed. In this case, the UE may not send the on-demand SSB request but just wait for the reception of always-on SSB following the fixed cycle.
In addition, the following handling for multiple UEs’ on-demand SSB requests may be considered:
Allow only one SSB burst every T. T may be equal to legacy SSB periodicity. If there are more than one on-demand SSB bursts due within T, UE is expected to receive only one SSB burst by the end of T. 
If there is already an on-demand SSB burst within T prior to a newly requested on-demand SSB, gNB may delay the newly requested on-demand SSB burst to T after the already transmitted on-demand SSB. UE is expected to monitor the on-demand SSB for at least T duration. If there is an always-on SSB transmission or another newly requested on-demand SSB to be transmitted close by, the delayed on-demand SSB burst can then be dropped.
Proposal 8: For collision handling between always-on and on-demand SSB burst(s), consider always-on SSB may have higher priority than on-demand SCell SSB request. 

Proposal 9: Define dropping rule for multiple UEs’ on-demand SSB requests to maximize network energy saving.

On-demand SSB transmission upon SCell activation 
After SCell activation, UEs may be required to receive SSB transmissions from the SCell for synchronization before the SCell can be considered active as specified in 38.133. There can be two approaches for on-demand SSB transmission:
1. Option-1: gNB indicates within SCell activation command or any other message that on demand SSB transmission shall be initiated. UE after receiving this indication, starts to monitor for SSB transmission.
1. [bookmark: _Hlk158910489]Option-2: UE autonomously determines that on-demand SSB transmission shall be initiated immediately after receiving SCell activation command.
While Option-1 provides more control on network side in terms of controlling the transmission of on- demand SSB, Option-2 is simpler from specification point of view. Both options should be discussed and one of the options should be selected after understanding the key issues.
After receiving SCell activation command, UE may start monitoring for SCell SSB transmission. For other time occasions, UE assumes that SCell SSB will not be transmitted periodically, and hence UE may not need to monitor for SCell SSB. Note that UE may not need to monitor for SSB if UE already is in sync with the SCell.
[image: ]
Proposal 10: Upon SCell activation, on-demand SSB transmission can be initiated based on one of the following options:
1. Option-1: gNB indicates within SCell activation command or any other message that on-demand SSB transmission shall be initiated. After receiving this indication, UE may start monitoring the SSB transmission.
1. Option-2: UE autonomously determines that on-emand SSB transmission shall be initiated immediately after receiving SCell activation command (i.e. no explicit indication of on-demand SSB).
[bookmark: _Hlk67056900]On-demand SSB transmission for RRM and other cases
For RRM measurements, there are a few considerations which need to be discussed. When RRM measurements are configured for a serving cell (activated or deactivated), the measurement occasions for the RRM events may depend on the type of measurements to be reported and reporting occasion. For instance, UE may perform SSB measurement just before a reporting occasion. But the discussion gets complicated if we also need to consider event-based reporting where it is difficult to determine the occasion where measurement should be performed. For this, it is preferable that RAN2 can discuss the requirements on measurements. However, the discussion may also impact RAN1 discussions considering different aspects like the type of on demand SSB request which needs to be initiated (UE-based or network-initiated). Hence, RAN1 can send an LS to RAN2 to ask about the requirements for SSB measurements for RRM and proceed further based on their input.

Proposal 11: Send LS to RAN2 asking the requirements for SCell SSB measurements for RRM considering both periodic and event-triggered reporting. 

Additionally, we also need to discuss how on-demand SSB transmission framework can work for the case when a RRM measurements needs to be performed on a cell which is yet to be configured as SCell. For example, network may first decide to perform RRM measurement on a cell (to determine its signal strength) before it decides whether to add it as a SCell. One simple solution is to always configure SCells blindly to UEs and then perform RRM measurements to determine their suitability. But such kind of approach can lead to high signalling overhead of SCell configuration. Hence, this issue should be discussed further in RAN1.

Proposal 12: Discuss how/whether to enable on demand SSB transmission on a cell for RRM which is yet to be configured as a serving cell. 

SSB transmission is also required for other scenarios which are not yet covered in the WID. For instance, expiry of TAT for a SCell requires UE to initiate RACH, but RACH initiation itself requires UE to measure SSBs to determine the RACH resource. Hence, it is important to also consider that which other cases require on demand SSB transmission and how to enable on demand SSB for such cases.

Proposal 13: Discuss other cases (e.g. RACH initiation upon TAT expiry) for which on-demand SSB transmission may be required. 

On-demand SSB failure handling
We also need to consider the UE behaviour when UE fails to receive on demand SSB which may be initiated due to the above set of use cases defined. Absence of any such specified procedure may result in unpredictable UE behaviour where a UE either request for on demand SSB too frequently or connection failure occurs. Hence, in this section we discuss the mechanisms which can be considered when UE fails to detect on demand SSB.

[bookmark: _Hlk158828607]If the UE fails to receive/detect SCell SSB by the end of SSB monitoring period, e.g. within a monitoring time window, UE may indicate a failure to gNB for the SCell where on demand SSB reception has failed. On-demand SSB Failure Indication may be sent via UCI or RRC. Alternatively, UE may re-request on-demand SSB for SCell when UE is not able to detect on-demand SSB the first time. 

Both of the above methods have their own pros and cons. For example, when the failure is temporary (e.g. temporary loss of coverage), UE may benefit from a retry of the on demand SSB procedure. But if failure occurred upon SCell activation then it may be appropriate to transmit a failure report to the network.

Proposal 14: UE may repeat the on-demand SSB request a configurable number of times before triggering the SCell On-demand SSB Failure indication.

[bookmark: _Hlk134806529][bookmark: _Hlk134739865]Proposal 15: Discuss the UE behaviour for the case of failure to receive or detect the on-demand SSB. 

The following options can be considered: 
1. On-demand SSB failure indication may be sent to the network.
1. UE can reinitiate the on demand SSB procedure by sending the UE request for on-demand SSB

[bookmark: _Hlk162279855][bookmark: _Hlk162279921]
Rate matching
PDSCH rate-matching around on-demand SSB were discussed in a contribution [2]. PDSCH on the eNES cell needs to be rate-matched around on-demand SSB. RAN1 needs to decide the behavior. 
There could be two options.
Option 1: PDSCH is always rate-matched around SSB according to configuration irrespective of transmission of on-demand SSB.
Option 2: PDSCH is rate-matched around SSB according to actual transmission of on-demand SSB.
In case the eNES cell is backward compatible, the network may configure a non-eNES UE (not capable of on-demand SSB operation) with eNES cell(s) as SCell. As non-eNES UE cannot be aware of actual on-demand SSB transmission, rate-matching behavior should be Option 1 (semi-static). Semi-static rate-matching pattern can be used. It may also be possible to avoid scheduling PDSCH in SSB symbols by gNB implementation.
For eNES UE, on-demand SSB transmission can be indicated by dedicated and/or common signalling. It could be either dynamic or semi-static signalling, or both dynamic and semi-static signalling,. The indication may be transmitted on the eNES cell itself and/or other cell, e.g. PCell.

Proposal 16: RAN1 to discuss PDSCH rate matching around on-demand SSB.


[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have the following proposals:
Proposal 1: On-demand SSB for SCell may be enabled via dedicated RRC signalling on PCell. 
Proposal 2: On-demand SSB for SCell may be enabled via DCI format 1_x on PCell with a carrier indication field to indicate the applicable carrier.
Proposal 3: Configuration of on-demand SSB for SCell may be provided via dedicated RRC messages.
Proposal 4: Discuss if Case#1 has significant gain over case#2 for down-selection of the cases.

Proposal 5: For down-selection, assumption on traffic of the NES cell should not be low.

Proposal 6: Specify on-demand SCell SSB request based on the cause of UE request. 

Proposal 7: UE request for on-demand SSB on SCell may be sent via PCell dynamically via configured PUCCH or SR resources.

Proposal 8: For collision handling between always-on and on-demand SSB burst(s), consider always-on SSB may have higher priority than on-demand SCell SSB request. 

Proposal 9: Define dropping rule for multiple UEs’ on-demand SSB requests to maximize network energy saving.
Proposal 10: Upon SCell activation, on demand SSB transmission can be initiated based on one of the following options:
1. Option-1: gNB indicates within SCell activation command or any other message that on-demand SSB transmission shall be initiated. After receiving this indication, UE may start monitoring the SSB transmission.
1. Option-2: UE autonomously determines that on-emand SSB transmission shall be initiated immediately after receiving SCell activation command (i.e. no explicit indication of on-demand SSB).
Proposal 11: Send LS to RAN2 asking the requirements for SCell SSB measurements for RRM considering both periodic and event-triggered reporting. 

Proposal 12: Discuss how/whether to enable on demand SSB transmission on a cell for RRM which is yet to be configured as a serving cell. 

Proposal 13: Discuss other cases (e.g. RACH initiation upon TAT expiry) for which on-demand SSB transmission may be required. 
Proposal 14: UE may repeat the on-demand SSB request a configurable number of times before triggering the SCell On-demand SSB Failure indication.

Proposal 15: Discuss the UE behaviour for the case of failure to receive or detect the on-demand SSB. The following options can be considered: 
1. On-demand SSB failure indication may be sent to the network.
1. UE can reinitiate the on demand SSB procedure by sending the UE request for on-demand SSB
Proposal 16: RAN1 to discuss PDSCH rate matching around on-demand SSB.
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