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1. Introduction
In RAN plenary 96 meeting, a new WID[1] for Rel-18 was approved to identify further RRM enhancement for NR and MR-DC. The objective of this WID is as follows.
	· [bookmark: OLE_LINK2][bookmark: OLE_LINK1]FR2 SCell activation delay reduction
· Identify cases where FR2 SCell activation delay can be reduced (e.g., unknown target cell cases), and specify reduced delay requirements for such cases, including but not limited to [RAN4]
· Study and, if feasible, enhance cell detection for unknown SCell and time/frequency tracking
· Study and, if feasible, enhance L1-RSRP measurement delay reduction on target SCell
· Note: Subject to RAN4’s agreement, the technical solutions can be extended to other general RRM requirements if applicable.
· Specify if needed, reference signal enhancement and/or signaling enhancement for the UE to meet the enhanced delay requirements [RAN4, RAN2]
· Note: No RAN1 work, i.e. introducing new RS, is expected.
· Note: the technical solutions can be extended to FR1, when applicable
· Define RRM requirements for FR1-FR1 NR-DC scenarios [RAN4] 
· RRM requirements include the number of serving carriers, PSCell addition/release delay requirement, PSCell change and conditional PSCell change delay, scheduling availability, and CSSF. Other Rel-15 requirements are not precluded and are subject to WI stage discussion.
· For R16 and R17 features, RRM requirements for FR1-FR1 NR-DC including HO with PSCell, SCG activation/deactivation and CPAC.
·  Note: no other R16/17 features are considered


Base on the scope of WID, two aspects around the RRM enhancements for NR and MR-DC were identified from multiple candidate options proposed in RAN plenary. In this document, we provide some analysis for the 1st aspect, i.e. FR2 SCell activation delay reduction.
2. Discussion
During R17, Work on efficient activation/deactivation mechanism for SCell was initiated from the RAN4#97e meeting due to an LS from RAN1. The more efficient activation/deactivation mechanism for SCell was enhanced focus on intra-band contiguous CA in FR1 and FR2. For FR2, the enhancements are not applicable for the scenario that there is no active serving cell on FR2 band and the SCell being activated is unknown to UE. For intra-band non contiguous CA and inter-band CA, not referred by the WID. 
The detailed enhancements during R17 under this topic can be summarized in high level as that: the SCell activation is no longer SSB based, but enhanced as TRS burst based. For details, two TRS bursts were applied to realize AGC and fine time/frequency tracking. Further more, a gap should be guaranteed between the two TRS bursts.
Now for the motivation of this WID in R18, for FR2 SCell activation delay reduction, we focus on the following issues and provide our analysis.
· Issue 1: The enhancement of cell detection for unknown SCell and time/frequency tracking
· Issue 2: The enhancement of L1-RSRP measurement delay reduction on target SCell
· Issue 3: Whether the solution can be extended to FR1
Based on Rel-16, For the activation delay of FR2 SCell, three cases were identified and the requirements were different.
Case 1: The to-be-activated SCell is known and at least one active serving cell on that FR2 band
Tactivation_time = TfirstSSB +5ms or 
Tactivation_time = 3ms
Case 2: The to-be-activated SCell is known and no active serving cell on that FR2 band
Tactivation_time = 3ms + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP) or
Tactivation_time = max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ)
Case 3: The to-be-activated SCell is unknown
Tactivation_time = 6ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs  + TL1-RSRP, measure + TL1-RSRP, report
+ THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP) or
Tactivation_time = 3ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs + TL1-RSRP, measure + TL1-RSRP, report
+ max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}
For Case 1, one condition should be satisfied that the active serving cell and to-be-activated SCell are intra-band and they are QCLed with type D. So only RF warm up or RM warm up plus fine time/frequency tracking are necessary.
For Case 2, since not any active serving cell in the same band, so UE does not known the TCI state and spatial downlink transmission filter, therefore UE needs further beam detection or Rx beam sweeping. 
For Case 3, UE needs to perform cell detection to acquire coarse timing for the to-be-activated SCell. Since not any reference gain can be shared from other active serving cell, so UE needs to perform AGC so as to settle the gain setting for the to-be-activated SCell. Further more, UE needs to perform L1-RSRP measurement and report so as to help NW to finish TCI selection. Similar as the above two cases, fine time/frequency tracking is also necessary. During the SCell activation procedure, based on UE’s L1-RSRP report, NW can identify active TCI state and indicate it to UE, then UE would receive TCI state indication.
Observation 1: During unknown FR2 SCell activation procedure in Rel-16, it can be show that the process of L1-RSRP measurement and report, TCI indication latency are involved in the total activation latency.
Actually during the discussion of SCell activation in Rel-15, RAN4 has some debate around the unknown FR2 SCell activation latency. Whether L1-RSRP measurement and report is necessary, and whether TCI indication latency should be included are hot issues. All these can be our starting point for the latency reduction of unknown FR2 SCell activation.
Proposal 1: So as to reduce the latency of unknown FR2 SCell activation, whether L1-RSRP measurement and report can be omitted, which should be considered.
Proposal 2: Whether the TCI state indication can be acquired by UE before SCell activation or not, which would impact the total latency. Which should be considered.
In order to reduce the L1-RSRP measurement latency, the following solution can be considered:
· Rx beam number reduction
In general we have the assumption of 8 Rx beam for UE Rx beam sweeping. So as to reduce the latency of SCell activation, whether smaller number of Rx beam can be assumed for unknown to-be-activated SCell, which can be further studied. Since after the finish of SCell activation, UE can perform L1-RSRP measurement with the assumption of 8 Rx beams. Such Rx beam number reduction only applies to the SCell activation procedure. Therefore we infer only tiny or no performance loss would be caused. But obvious reduction of the SCell activation latency is expected. Of course, if some performance evaluation can prove this, this solution can be more convinced.
· Limited L1-RSRP measurement
The motivation of L1-RSRP measurement and report is to guarantee NW can acquire the TCI state information so as to decide one suitable TCI state and indicate it to UE. For the unknown case, which means known condition is not fulfilled, the known condition is defined as follows. 
	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
-	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. 


It can be shown that whether NW has some history beam information in this to-be-activated SCell based on the previous or old L1-RSRP report is uncertain. If NW has such information, then during the SCell activation, UE can only perform ‘limited’ L1-RSRP measurement. Here the so called ‘limited’ can be limited RS resource number or limited measurement sample.
Proposal 3: So as to reduce the SCell activation for an unknown FR2 SCell, two solutions including Rx beam number reduction and limited L1-RSRP measurement can be considered.
Except for the above two solutions, another situation can be considered. For the case of IBM disabled, maybe the UE would receive DL transmissions from different serving cells with the same Rx beam assumption. If UE can identify the Rx beam for one of active serving cells, then it is possible that UE would use the same Rx beam to receive DL transmission from this to-be-activated SCell. In such case, not any L1-RSRP measurement and report is necessary.
Proposal 4: For the case of IBM disabled, maybe the UE would receive DL transmissions from different serving cells with the same Rx beam assumption. In such case, not any L1-RSRP measurement and report is necessary for this to-be-activated SCells if one active serving cell existing.
We believe when the TCI state indication acquired by UE, which depends on the L1-RSRP measurement and report by UE. There are two candidates:
Candidate 1: SCell activation command comes before MAC-CE command for TCI state activation
Candidate 2: SCell activation and TCI state activation are bundled in the same command
Figure 1 and Figure2 illustrate Candidate 1 and Candidate 2 respectively.


Figure 1: SCell activation command comes before TCI state activation command


Figure 2: SCell activation and TCI state activation are bundled in the same command
Candidate 2 is more efficient than Candidate 1. But which depends on whether NW has identified the TCI state. In normal case, we usually assume UE should firstly perform L1-RSRP measurement and report then NW can identify suitable TCI state and indicate it to UE. So whether and how to identify TCI state without L1-RSRP measurement and report, which is the core issue for latency reduction for unknown case.
Proposal 5: Whether and how to identify TCI state without L1-RSRP measurement and report, which is the core issue for latency reduction for unknown case.
From the perspective of AGC, if the processing latency of AGC can be decreased, the total latency would be reduced. In the latency requirement, the scaling factor of 8 was assumed for AGC, so the processing latency of AGC is TFirstSSB_MAX + 15*TSMTC_MAX. Whether such latency can be reduced, such as reduced to 8*TSMTC_MAX, which can be further discussed during this WID.
Proposal 6: Based on the assumption of scaling factor 8, whether the processing latency of AGC can be reduced, should be further discussed.
Another issue is that whether the latency reduction in FR2 can be applicable to FR1, this should be identified after RAN4 has determined which processes can be more efficient. If the corresponding operation is also applicable to FR1, then the reduction can be feasible for FR1.
Further more, except for the latency reduction, the reduction of UE energy consumption under CA case is also meaningful. In addition to energy saving, adding or activating some SCell without SSB or SSB-less can be used to achieve latency reduction. Respect to SCell activation procedure, since the current SCell activation depends on SSB or TRS, if without SSB, then the procedure of SCell activation needs some update. In fact the SCell without SSB has been supported under intra-band CA in Rel-16. Even the corresponding UE capability of scellWithoutSSB is mandatory in Rel-16 intra-band CA, such SCell without SSB or SSB-less can be extended into inter-band CA, under the assumption of synchronization, it will be expected. Referring to this WID, the SCell activation procedure also needs some update when the to-be-activated SCell is the SCell without SSB or SSB-less.   
Proposal 7: To realize energy saving and latency reduction, similar as scellWithoutSSB defined for intra-band CA in Rel-16, the SCell without SSB or SSB-less can be considered for inter-band CA case. The corresponding SCell activation procedure needs some update for such SCell without SSB or SSB-less. 
3. Conclusion
In this contribution, we have the following proposals for unknown FR2 SCell activation delay reduction:
Observation 1: During unknown FR2 SCell activation procedure in Rel-16, it can be show that the process of L1-RSRP measurement and report, TCI indication latency are involved in the total activation latency.
Proposal 1: So as to reduce the latency of unknown FR2 SCell activation, whether L1-RSRP measurement and report can be omitted, which should be considered.
Proposal 2: Whether the TCI state indication can be acquired by UE before SCell activation or not, which would impact the total latency. Which should be considered.
Proposal 3: So as to reduce the SCell activation for an unknown FR2 SCell, two solutions including Rx beam number reduction and limited L1-RSRP measurement can be considered.
Proposal 4: For the case of IBM disabled, maybe the UE would receive DL transmissions from different serving cells with the same Rx beam assumption. In such case, not any L1-RSRP measurement and report is necessary for this to-be-activated SCells if one active serving cell existing.
Proposal 5: Whether and how to identify TCI state without L1-RSRP measurement and report, which is the core issue for latency reduction for unknown case.
Proposal 6: Based on the assumption of scaling factor 8, whether the processing latency of AGC can be reduced, should be further discussed.
Proposal 7: To realize energy saving, similar as scellWithoutSSB defined for intra-band CA in Rel-16, the SCell without SSB or SSB-less can be considered for inter-band CA case. The corresponding SCell activation procedure needs some update for such SCell withou SSB or SSB-less. 
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