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1. [bookmark: _Toc120549591]Introduction
In RAN#102 meeting [1], Rel-19 work item agrees to specify further network energy savings targeting the beneficial techniques studied in Rel-18, including specifying 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.
In this contribution, we concentrate on discussing the applicable scenario, procedure and triggering method of on-demand SSB in SCell for connected UEs.
2. Applicable SCell state for on demand SSB
On demand SSB can be applied to SCell in deactivated state, during SCell activation and after SCell activation.
[bookmark: _Hlk159082685]on demand SSB for SCell in deactivated state
For SCell in deactivated state, measCycleSCell configures a relaxed measurement cycle for deactivated SCell, but SSB transmission of gNB is dense. The minimum value of measCycleSCell equals to maximum period of SMTC, i.e. 160ms. There can be multiple SSB occasions within one measurement cycle, but UE only needs to complete SSB measurement once, thus the SSB transmission in deactivated SCell can be reduced to enable longer deep sleep for SCell.
Two options for power saving for SCell in deactivated state are considered:
· Option 1: SSB is transmitted, but with sparse period.
· Option 2: SSB is turned off.
Proposal 1: Sparse SSB period or turning off SSB can be considered to support power saving for SCell in deactivated state.
on demand SSB during SCell activation
According to the definition of known SCell, if sparse SSB period for SCell in deactivated state is less than max(5*measCycleSCell, 5*DRX cycles), the UE can send a valid measurement report for the SCell before activation, the SCell is a known SCell. When traffic is heavy and capacity of PCell is not enough, the SCell can be activated using the existing procedure and signaling mechanisms, i.e. SCell activation signaling and A-TRS, as a starting point. Differently, the SSB period may change to normal period after the SCell activation signaling is received and last for a long period, SSB transmision will return to sparse period or be turned off after SCell deactivation signaling. The detailed SSB period switching procedure is described in section 2.4.
Proposal 2: For known SCell activation, SCell activation signaling can be used to switch from sparse SSB transmission or no SSB transmission to normal SSB transmission on SCell.
If sparse SSB period for SCell in deactivated state is larger than max(5*measCycleSCell, 5*DRX cycles) or SSB is turned off, the UE can not send a valid measurement report for the SCell before activation, the SCell is an unknown SCell. Taking unknown SCell in FR1 as an example, SCell activation timeline is shown in Fig. 1, including HARQ feedback delay, SCell activation time, CSI measurement and reporting delay. The SCell activation time is defined as
Tactivation_time=TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms.
Compared with known SCell, additional AGC delay (TFirstSSB_MAX + TSMTC_MAX) and coarse synchronization delay Trs are needed for unknown SCell, while only fine synchronization delay and at most one AGC delay are needed for known SCell depending on the measurement period of the SCell being activated.
For unknown SCell in FR2, SCell activation time is also longer than that of known SCell since UE needs to perform additional AGC, coarse synchronization, and L1-RSRP measurement/report for TCI acquisition within SCell activation time. 
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Fig. 1. legacy SCell activation timeline for unknown SCell in FR1
To reduce activation time of unknown SCell, on-demand dense SSB which lasts for a short period can be triggered for fast AGC, fast synchronization and L1-RSRP measurement. SSB transmission with normal period is resumed after SCell activation.
Proposal 3: For unknown SCell activation, on demand dense SSB can be triggered for fast SCell activation.
When the capacity of PCell is not enough, SCell activation can be initiated by NW or requested by UE. If UE detects worse DL channel condition or UE detects heavy UL traffic, UE can request SCell activation. Correspondingly, two triggering methods for on demand dense SSB during SCell activation can be considered:
· Option 1: SCell activation signaling
· Option 2: UE uplink wake-up-signal using an existing signal/channel
Proposal 4: For unknown SCell activation, two triggering methods for on demand dense SSB for fast SCell activation can be considered:
· Option 1: SCell activation signaling
· Option 2: UE uplink wake-up-signal using an existing signal/channel
In the following, we analysis the procedure and SCell activation delay of these two options for the case of unknown SCell activation taking FR1 as an example. 
1) Option 1
With option 1, the MAC-CE carrying SCell activation signaling can be used for triggering on demand dense SSB, the pattern of on-demand dense SSB is pre-configured by higher-layer signaling. UE receives SCell activation signaling from PCell and UE behaviour is the same as Fig. 1. After HARQ feedback of MAC-CE and RF activation, UE performs fast AGC/cell search, fast synchronization and CSI measurement and reporting. With dense SSB, the SCell activation delay is 
,
Tactivation_time=TFirstSSB_MAX_new + TSMTC_MAX_new + 2*Trs_new + 5ms
where TFirstSSB_MAX_new + TSMTC_MAX_new + 2*Trs_new can be shorter than existing unknown SCell activation delay TFirstSSB_MAX + TSMTC_MAX + 2*Trs depending on gNB configuration of dense SSB. 
As shown in Fig. 2, if UE receives SCell activation command in slot n, normal SSB period resumes after a time period (e.g., n +  + Tduration , where Tduration is transmission duration of new dense SSB, which can be indicated in MAC-CE or pre-defined in the spec) and is used for measurement after SCell activation.
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Fig. 2. NES SCell activation timeline with activation signaling
Proposal 5: For unknown SCell activation, SCell activation signaling can be used to switch from sparse SSB transmission or no SSB transmission to dense SSB transmission on SCell for a time period, followed by normal SSB transmission on SCell. 
2) Option 2
[bookmark: _GoBack]With option 2, enhanced SR or specific preamble can be used as uplink WUS signal to trigger on-demand SSB, UE can obtain configuration of WUS from PCell. The pattern of on-demand dense SSB is also pre-configured by higher-layer signaling. After UE transmits WUS signal to PCell, it is determined by gNB whether and on which SCell the dense SSB is transmitted, then UE can detect whether the dense SSB is transmitted based on the pre-configured SSB occasions, or gNB can indicate UE the SCell ID where dense SSB is transmitted.
Proposal 6: PRACH or SR sent to PCell can be considered as WUS signal for UE to trigger on demand dense SSB on SCell.
Proposal 7: When UL WUS signal applies for triggering on demand dense SSB for fast SCell activation, PCell can send the confirmation to UE or indicate to UE on which SCell the on demand SSB will be transmitted.
As shown in Fig. 3, the dense SSB is used for L3 measurement (meanwhile performing fast AGC/cell search, fast coarse synchronization) and L3 report, then unknown SCell transforms to known SCell and legacy SCell activation procedure is performed. During SCell activation time, only MAC-CE demodulation and fine synchronization is needed. The SCell activation delay is 
TWUS_period + TL3-RSRP, measure + TL3-RSRP, report + 2ms + ,
Tactivation_time= TFirstSSB + 5ms.
SCell activation delay of option 2 can be similar as option 1 depending on gNB configuration of WUS period and dense SSB. Comparing with legacy SR based SCell activation, option 2 has benefit in reducing SCell activation delay. With legacy SR based SCell activation, gNB determines to activate SCell after receiving SR and BSR from UE, the activation delay of unknown SCell is long with normal SSB period. With option 2, UE only transmits WUS (e.g. SR) to gNB and SSB is triggered earlier with denser period, the SCell activation delay is short.
After SCell activation signaling is received, normal periodic SSB is resumed for fine synchronization during SCell activation time and measurement after SCell activation. 
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Fig. 3. NES SCell activation timeline with WUS signal
Proposal 8: For unknown SCell activation, WUS (and subsequent gNB indication/confirmation) can be used to switch from sparse SSB transmission or no SSB transmission to dense SSB transmission on SCell, then SCell activation signaling can be used to switch from dense SSB transmission to normal SSB transmission on SCell. 
on demand SSB after SCell activation
No matter known SCell or unknown SCell, if UE receives SCell activation command, SSB period will change to normal period after a time period. After SCell activation, when there is temporarily no traffic, SSB period can be relaxed for power saving. It can be indicated by gNB based on its own decision or based on UE request. The indication signaling can be from PCell or SCell if UE maintains synchronization with SCell after SCell activation. For example, if gNB detects there is temporarily no DL or UL traffic, gNB indicates relaxation of SSB period. When DL or UL traffic comes, SSB period can quickly resume to normal period by gNB indication. 
Proposal 9: After SCell activation, it can be indicated by gNB based on its own decision or based on UE request to transmit SCell SSB with a larger period, and it can also be indicated by gNB based on its own decision or based on UE request to resume to normal SSB transmission on SCell.
Until there is no traffic for a long period, SSB transmission will switch to sparse periodicity or be turned off after SCell deactivation signaling. 
Proposal 10: SCell deactivation signaling can be used to switch the SSB transmission to sparse periodicity or no SSB transmission on SCell.
summary of on demand SSB on SCell 
The whole on-demand SSB transmission procedure for known SCell is shown in Fig. 4. Sparse SSB period 1 is adopted during SCell deactivation for power saving, and a known SCell is considered. If UE receives SCell activation command in slot n, normal SSB period 2 applies after n + THARQ + Tapptime, normal SSB can be used for AGC and fine synchronization during SCell activation and measurement after SCell activation. After SCell activation, when there is temporarily no DL traffic, gNB indicates SSB period to be relaxed to period 3 for power saving. When new DL traffic arrives, gNB indicates UE to resume normal SSB period 2. Until there is no traffic for a long period, SSB transmission switches to sparse period 1 after SCell deactivation signaling.
[image: ]
Fig. 4 on demand SSB transmission procedure for known SCell
The whole on-demand SSB transmission procedure for unknown SCell based on option 1 is shown in Fig. 5. No SSB is transmitted during SCell deactivation for power saving and an unknown SCell is considered. If UE receives SCell activation command in slot n, SCell activation command triggers dense SSB for fast AGC and fast synchronization during SCell activation. Normal SSB period 1 applies after a time period and is used for measurement after SCell activation. When there is temporarily no DL traffic, gNB indicates SSB period is relaxed to period 2 for power saving. When new DL traffic arrives, gNB indicates UE to resume normal SSB period 1. When there has been no DL traffic for a long time, gNB will send SCell deactivation command to turn off SSB of SCell. 
[image: ]
Fig. 5 on demand SSB transmission procedure for unknown SCell
1 
3. Conclusion
In this contribution, we discussed the applicable scenario, procedure and triggering method of on-demand SSB in SCell for connected UEs, and the following proposals are made.
Proposal 1: Sparse SSB period or turning off SSB can be considered to support power saving for SCell in deactivated state.
Proposal 2: For known SCell activation, SCell activation signaling can be used to switch from sparse SSB transmission or no SSB transmission to normal SSB transmission on SCell.
Proposal 3: For unknown SCell activation, on demand dense SSB can be triggered for fast SCell activation.
Proposal 4: For unknown SCell activation, two triggering methods for on demand dense SSB for fast SCell activation can be considered:
· Option 1: SCell activation signaling
· Option 2: UE uplink wake-up-signal using an existing signal/channel
Proposal 5: For unknown SCell activation, SCell activation signaling can be used to switch from sparse SSB transmission or no SSB transmission to dense SSB transmission on SCell for a time period, followed by normal SSB transmission on SCell. 
Proposal 6: PRACH or SR sent to PCell can be considered as WUS signal for UE to trigger on demand dense SSB on SCell.
Proposal 7: When UL WUS signal applies for triggering on demand dense SSB for fast SCell activation, PCell can send the confirmation to UE or indicate to UE on which SCell the on demand SSB will be transmitted.
Proposal 8: For unknown SCell activation, WUS (and subsequent gNB indication/confirmation) can be used to switch from sparse SSB transmission or no SSB transmission to dense SSB transmission on SCell, then SCell activation signaling can be used to switch from dense SSB transmission to normal SSB transmission on SCell.
Proposal 9: After SCell activation, it can be indicated by gNB based on its own decision or based on UE request to transmit SCell SSB with a larger period, and it can also be indicated by gNB based on its own decision or based on UE request to resume to normal SSB transmission on SCell.
Proposal 10: SCell deactivation signaling can be used to switch the SSB transmission to sparse periodicity or no SSB transmission on SCell.
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