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1. [bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]This is to discuss Objective-1 of R19 NES.
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. Discussion
From WID RP-234065
The techniques specified in Rel-18 include SSB-less SCell operation for inter-band CA for FR1 and co-located cells, enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode,…
Although it seems straightforward, maybe helpful to have a formal conclusion from WG perspective, to guide the further discussion.
Proposal 1 [bookmark: _Toc163223213]For on-demand SSB SCell operation, R2 focus on non-collocated cell scenario. 

Based on R1 minutes, two scenarios before and after UE receives SCell activation/deactivation, 
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
To understand more on the difference between Scenario #2/#3, we need to firstly understand the use case.
· 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.
Firstly, synchronization is a pre-step for L1/3 measurement and SCell activation, so it is not an independent function to look into.
For the impact on L3 measurement, on-demand SSB collides with the intention of L3 measurement, i.e., to keep network updated on the L3 RRM measurement result w.r.t the SCell. I.e., network cannot predict when the L3 channel quality would not change and thus SSB transmission can be turned off. So, a busty SSB-transmission for L3 measurement is not justified, but can only rely on relaxed measurement using enlarged SSB periodicity. 
Observation 1 Busty SSB transmission collides with the purpose of L3 measurement, which expects in-time/updated channel quality report.
For L1 measurement, normally network expects CSI-RS, which is not dependent on always-on signal, and can also provide wider band RS for CSI feedback, i.e., it should not be the key target for on-demand SSB design. 
Observation 2  	Busty SSB transmission should not target at L1 measurement, which expects wider band CSI report and thus CSI-RS. 
Then the final function left is the SCell activation, for which
1) R18 has finished the work for collocated case, i.e., adding inter-band case on top of R15 intra-band case
2) R17 has introduced the A-TRS based fast SCell activation method, which is limited to the scenarios where SCell is known (if we focus on non-collocated scenarios)
Where known/unknown is defined as follows:
SCell in FR1 is known if it has been meeting the following conditions:
- During the period equal to max(5*measCycleSCell, 5*DRX cycles) for FR1 before the reception of the SCell activation command:
- the UE has sent a valid measurement report for the SCell being activated and
- the SSB measured remains detectable according to the cell identification conditions specified in clause 9.2 and 9.3.
- the SSB measured during the period equal to max(5*measCycleSCell, 5*DRX cycles) also remains detectable during the SCell activation delay according to the cell identification conditions specified in clause 9.2 and 9.3.
Otherwise SCell in FR1 is unknown.
For the first SCell activation in FR2 bands, the SCell is known if it has been meeting the following conditions:
- During the period equal to 4s for UE supporting power class 1/5 and 3s for UE supporting power class 2/3/4 before UE receives the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent CSI-RS for CQI reporting (when applicable):
- the UE has sent a valid L3-RSRP measurement report with SSB index, and
- SCell activation command is received after L3-RSRP reporting and no later than the time when UE receives MAC-CE command for TCI activation
- During the period from L3-RSRP reporting to the valid CQI reporting, the reported SSBs with indexes remain detectable according to the cell identification conditions specified in clauses 9.2 and 9.3, and the TCI state is selected based on one of the latest reported SSB indexes.
Otherwise, the first SCell in FR2 band is unknown.
I.e., A-TRS based fast SCell activation is for the case where SSB is present, and A-TRS is to take effect based on the present SSB, and the detailed applicable scenarios has been outlined as the 3 scenarios above. 
In other words, busty SSB for fast SCell activation is only meaningful if it is to cover the scenario(s) where the 3 scenarios cannot cover, e.g., an unknown and non-collocated SCell, which is either an intra-band non-contiguous SCell or an inter-band SCell. 
Proposal 2 [bookmark: _Toc163223214]For on-demand SSB SCell operation, R2 focus on on-demand SSB transmission for faster SCell Activation.

Note that in R18, R4 introduced SSB activation enhancement as follows (R4-2321361), taking advantage of dense SSB
-	In FR1, in case of intra-band SCell activation, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided the cell specific reference signals from the active serving cells and the SCells being activated or released are available in the same slot; in case of inter-band SCell activation, TSMTC_MAX is the SMTC periodicity of SCell being activated. Or, if UE supports [SSB_PeriodicityInsteadOfSMTC] in FR1 and the SMTC for SCell being activated is only configured in the measObjectNR, TSMTC_MAX is the SSB periodicity of the SCell being activated.
-	In FR2, in case of intra-band SCell activation, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided that in Rel-15 only support FR2 intra-band CA; in case of FR2 inter-band SCell activation, TSMTC_MAX is the SMTC periodicity of SCell being activated. Or, if UE supports [SSB_PeriodicityInsteadOfSMTC] in FR2 and the SMTC for SCell being activated is only configured in the measObjectNR, TSMTC_MAX is the SSB periodicity of the SCell being activated.
I.e., R18 SCell activation enhancement was designed to take advantage of dense SSB transmission for faster SCell activation. On-demand busty SSB transmission can be used here following the same spirit, i.e., assuming a sparse background SSB for energy saving, a dense busty SSB transmission is used to speed up SCell activation procedure. 
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Figure 1 On-Demand SSB for fast SCell activation
While for the detailed signaling design, although there are multiple dimensions to explore, e.g., the solution down-selection as identified by R1
· 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)
And also whether to design the signal as DCI or MAC-CE, and whether it should be UE-specific or cell-specific signaling, whether legacy signaling is sufficient or new signaling is needed, it seems more rely on R1 design. 
Proposal 3 [bookmark: _Toc163223215]For on-demand SSB SCell operation, R2 waits for R1 design on signaling.

The other issue is about UL/DL triggering. 
For non-collocated scenario, there would be different levels/types of backhaul connection, e.g., 
Table 1 Categorization of Backhaul Latency
	Backhaul Technology
	Latency (One way)
	Throughput

	Fiber Access 1
	10-30ms 
	10M-10Gbps

	Fiber Access 2
	5-10ms
	100-1000Mbps

	Fiber Access 3
	2-5ms
	50M-10Gbps

	Fiber Access 4 (NOTE 1)
	less than 2.5 us (NOTE2)
	Up to 10Gbps

	DSL Access
	15-60ms
	10-100 Mbps

	Cable 
	25-35ms
	10-100 Mbps

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range


Apparently, the latency due to non-ideal backhaul would alleviate the gain from on-demand SSB, i.e., it would slow down the overall procedure of SCell activation, and also would waste SSB transmission (the SSBs from SCell being aware of it, till UE being notified by PCell).
On the contrary, a UL-based triggering would be helpful to adapt with this kind of backhaul.
Proposal 4 [bookmark: _Toc163223216]For on-demand SSB SCell operation, R2 confirm to include the support of UL based triggering. 

Conclusion

Proposal 1	For on-demand SSB SCell operation, R2 focus on non-collocated cell scenario.
Proposal 2	For on-demand SSB SCell operation, R2 focus on on-demand SSB transmission for faster SCell Activation.
Proposal 3	For on-demand SSB SCell operation, R2 waits for R1 design on signaling.
Proposal 4	For on-demand SSB SCell operation, R2 confirm to include the support of UL based triggering.
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