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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#88-e, a WID on Further Multi-RAT Dual-Connectivity enhancements is approved for Release 17 [1], where an efficient SCG and SCells (de)activation mechanism should be specified based on RAN1 leading: 
	The objective of this work item is to specify enhancements to MR-DC related scenarios. At least the following topics should be considered in the work:
1. Support efficient activation/de-activation mechanism for one SCG and SCells 
· Support for one SCG  applies to (NG)EN-DC, and NR-DC [RAN2, RAN3, RAN4]
· Support for SCells applies to NR CA, based on RAN1 leading mechanisms [RAN1, RAN2, RAN4]
· This objective applies to FR1 and FR2
1. Support of conditional PSCell change/addition [RAN2,RAN3, RAN4]
· support scenarios which are not addressed in Rel-16 NR mobility WI


In RAN1#104b-e meeting, some agreements have been achieved:
	[bookmark: OLE_LINK6][bookmark: OLE_LINK4]Agreement
[bookmark: OLE_LINK25]For efficient activation of SCells
· Option 1a: MAC CE(s) contained in a single PDSCH to trigger both SCell activation and corresponding temporary RS(s)
· Details FFS including timeline design for receiving temporary RS
Note: Separate from the support of Option 1a, it is up to RAN4 whether or not to consider an activation time enhancement for Option 2 without requiring further RAN1 work
· Option 2: A Rel-15/16 SCell activation MAC-CE to trigger SCell activation and a Rel-15/16 DCI to trigger corresponding Rel-15/16 A-TRS(s)
Send an LS to RAN4. The LS is endorsed in R1-2104110.


In this contribution, the discussions above are followed up.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]Low latency SCell activation
SCell activation delay constitution
According to TS 38.213, TS 38.133 and TS 38.321, when a UE receives a SCell activation command in a PDSCH in slot , the UE shall complete SCell activation no earlier than   and no later than n+ [THARQ + Tactivation_time + TCSI_Reporting] as shown in Figure 1, where:
· The value of   and THARQ is the timing between DL data transmission and acknowledgement corresponding to in described above. 
· Tactivation_time includes the delay of MAC-CE parsing time, RF warm up, AGC settling and frequency/time synchronization; to be specific, take the case as an example that SCell belongs to FR1 is known and SCell measurement cycle is equal to or smaller than 160ms in TS 38.133, Tactivation_time includes
· 3ms: MAC CE command application, RF warm-up/retuning
· TFirstSSB:  the time to first SSB indicated by the SMTC after n + THARQ+3ms. The typical SMTC periodicity is 20ms, so TFirstSSB can be 20ms
· 2ms: SSB processing.
· TCSI_reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources. Additionally, if the SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1, beam management is needed for valid CSI acquisition, which means SCell activation time become more unbearable. 
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[bookmark: _Ref47729232]Figure 1 SCell activation procedure 
Therefore, reducing Tactivation_time and TCSI_Reporting is the key point to achieve efficient SCell activation/de-activation mechanism. 
Scenarios for low latency SCell activation 
Based on the discussion in section 2.1, Tactivation_time includes the delay of MAC-CE parsing time, RF warm- up, AGC settling and frequency/time synchronization. The delay of AGC settling is mainly the delay of waiting for and receiving SSB or RS for the information of path loss, coupling loss, RSRP. The delay of frequency/timing synchronization is mainly the delay of waiting for and receiving SSB or RS for frequency/timing offset information.
Two straightforward solutions can be proposed to reduce the Tactivation_time, the first solution is acquiring the required information by an alternative RS, i.e. temporary RS, and another is acquiring the required information from the other activated cells, i.e. the equivalent of such required information is assured by network. The first solution is universally applicable for SCell activation, but the time saving is limited because several ms is needed for the triggering RS offset and processing time. The second solution is applicable for the special scenarios, but more time can be saved. To minimize the activation time, two scenarios can be studied.
If multiple aggregated cells are operated in the same frequency band or adjacent frequency bands, some common properties between to-be-activated SCell and activated cells, as exemplified and analyzed in section 2.3, can be exploited to expedite the SCell activation process. Especially, take continuous 200MHz (100MHz cell 1+100MHz cell 2) in 3500MHz band or continuous 160MHz (100MHz cell 1+60MHz cell 2) in 2600MHz band as an example, these two cells are typically associated with the same hardware, thus those common properties from one activated cell can be used to activate another cell. Therefore, the SCell activation procedure can be simplified and the SCell activation delay can be reduced obviously, as discussed in following subsection. 
For other cases, no common properties can be assumed considering different large scale fading loss of different bands or non-co-located deployment. Therefore, among the configured cells for a given UE, there are two possible scenarios as shown in Figure 2.
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[bookmark: _Ref71626598]Figure 2 Two scenarios for CA
· Scenario 1: Some common properties can be derived from active cell. One typical example is that configured cells in the same or adjacent frequency band are co-located and even associated with same hardware or module at the BS side. 
· Scenario 2: No common properties can be derived from active cell. This scenario is the general case which can be applied to any CA band combinations and can be applied to non-co-located deployment. 
Observation 1: Two scenarios should be considered for low latency SCell activation
· Scenario 1: some common properties can be derived from active cell
· Scenario 2: no common properties can be derived from active cell.
On reducing Tactivation_time
[bookmark: OLE_LINK48]Trigger of temporary RS and SCell activation
In the previous meetings, many candidate options for the trigger of temporary RS and SCell activation are discussed, and finally converged to two options:
· Option 1a: MAC CE(s) contained in a single PDSCH to trigger both SCell activation and corresponding temporary RS(s).
· Option 2: A Rel-15/16 SCell activation MAC-CE to trigger SCell activation and a Rel-15/16 DCI to trigger corresponding Rel-15/16 A-TRS(s)
For the option 2, it is up to RAN4 whether or not to consider an activation time enhancement for option 2 without requiring further RAN1 work. Detailed design of option 1a will be discussed in this section, including design of MAC CE command, triggering offset.
MAC CE command
It is not clear that one MAC CE command or two MAC CE commands in a single PDSCH are required to trigger both SCell activation and corresponding temporary RS(s) according to current option 1a. Following there possible alternatives can be considered:
· [bookmark: OLE_LINK49]Alt 1: A PDSCH TB containing two respective MAC-CEs for both triggers, one MAC-CE for SCell activation trigger, another for corresponding temporary RS triggering.
· Alt 2: A PDSCH TB containing one new MAC-CE for both triggers.
· Alt 3: A PDSCH TB containing one Rel-15/16 SCell activation MAC-CE for both triggers.
For the Alt3, the advantage is minimum standardization workload can be achieved, but flexibility is particularly poor. Expect for the severing cell ID indicated in the legacy SCell activation command, the BWP ID, temporary RS ID can only be indicated implicitly. When considering the indication of temporary RS burst number and gap between two temporary RS bursts which are discussed in the section 2.3.3, the flexibility will be further restricted. Alt 3 is not friendly to forward compatibility.
For the two MAC CEs in Alt 1, the MAC CE for SCell activation trigger can fully reuse the legacy SCell activation command, but a new MAC CE command for temporary RS triggering should be introduced anyway. From the perspective of flexibility, if a new MAC CE command for temporary RS triggering is introduced, the MAC CE can contain following fields for each to-be-activate SCell:
•	Serving cell ID: This field indicates the identity of the to-be-activate SCell.
•	BWP ID: This field indicates a DL BWP for which the MAC CE applies.
•	Temporary RS ID: This field indicates an ID of temporary RS depending on the configuration of temporary RS.
Some fields can be removed from the MAC CE command depending on the desired flexibility, e.g. the BWP ID can be predefined as firstActiveDownlinkBWP. For the Alt2, the MAC CE can contain the Ci field which is used to indicate the activation/deactivation status of SCell i, and temporary RS ID/BWP ID for each SCell i when value of Ci is 1. Alt2 is preferable as only one integrated triggering command is needed. Two MAC CEs are required for Atl1, the two MAC CE signalling have certain overlap of function, and the second MAC CE can also indicate the activation SCell if serving cell ID is contained.
[bookmark: OLE_LINK50]Proposal 1: One new MAC CE should be introduced to trigger both SCell activation and corresponding temporary RS(s).
Triggering offset of temporary RS
In current specification, triggering offset of aperiodic TRS can be configure to 0~31 slots, the offset is duration between the slot containing the DCI that triggers a set of aperiodic TRS resources and the slot in which the TRS is transmitted. If the temporary RS is triggered by MAC CE, the definition of trigger offset is duration between the slot containing the MAC CE that triggers temporary RS and the slot in which the temporary RS is transmitted. A new minimum triggering offset should be introduced for temporary RS considering the HARQ, processing time of MAC CE and RF warm-up, maybe at least 4 slots is needed. A new maximum triggering offset, e.g. 64 slots, also should be introduced considering the different subcarrier spacings between PCell and SCell.
[bookmark: OLE_LINK51]Proposal 2: The triggering offset between the slot containing the MAC CE that triggers temporary RS and the slot in which the temporary RS is transmitted should be configured with a range of 4~64 slots.

QCL configuration for TRS
One remaining issue of temporary RS is the QCL configuration for TRS. In current specification [3], for a periodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, which is expected to be always configured to a UE in RRC connected mode, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, or
-	'typeC' with an SS/PBCH block and, when applicable,'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
For an aperiodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates qcl-Type set to 'typeA' with a periodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, qcl-Type set to 'typeD' with the same periodic CSI-RS resource.
In short, the QCL mechanism of TRS can be observed as follows,
· For a UE in RRC connected mode, periodic TRS must be configured.
· Both kinds of TRS should be configured with a QCL source.
· Triggering-based aperiodic TRS should be QCLed with periodic TRS, which means periodic TRS should be received before the aperiodic TRS. 
Because it has been agreed that temporary RS for SCell activation is based on TRS and reuses legacy TRS structure, the QCL mechanism of TRS should be inherited to temporary RS. However, periodic TRS is not active yet during SCell activation, therefore, some straightforward revisions of its QCL mechanism are:
· Temporary RS can be QCLed with other RS(s) during the SCell activation, e.g. SSB.
· QCL relationship between temporary RS and periodic TRS should be retained by sharing the same QCL source.
The QCL of aperiodic TRS should be associated with one effective RS/SSB. In the previous meeting, the working assumption “For efficient SCell activation with assistance of temporary RS, a SSB of the to-be-activated SCell can be indicated as a QCL source for the temporary RS in case of known SCell” has been achieved. In the known SCell case, the UE has acquired coarse synchronization information from a SSB, the QCL source of temporary RS can be SSB so that the UE can receives the temporary RS based on the synchronization information of SSB, the working assumption should be confirmed. In addition to the working assumption, there are still some issues that need to be further studied, e.g. the QCL type, the case of unknown case, other QCL source.
For the QCL type of temporary RS in case of known SCell, it should be similar to the periodic TRS, and following quasi co-location type(s) are expected: 
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block.
In case of unknown SCell, no effective information of SSB in the to-be-activated SCell can be achieved when receiving the SCell activation command. There are two candidate methods, one is to receive the SSB, and the other is to refer to the QCL source of other cells. For the first method, the activation method falls back to R16, no temporary RS is required. For the second method, at least in the scenario 1 mentioned above, the QCL source can be SSB/TRS in other active cells. As analyzed in the section 2.2, when two cells are located in same frequency band or adjacent frequency bands, some common properties can be shared. Unknown SCell can be configured a co-located active cell, then UE can acquire the AGC, time/frequency synchronization information from another cell. In addition to existing QCL type, new QCL type associated with AGC can be defined.
As to maintain the QCL relationship between periodic TRS and aperiodic TRS to a certain extent, the source RS for QCL of the temporary RS during the SCell activation and periodic TRS after SCell activation should be configured the same, or the temporary RS is configured as the QCL source of periodic TRS.
Proposal 3: The following working assumption should be confirmed:
· For efficient SCell activation with assistance of temporary RS, a SSB of the to-be-activated SCell can be indicated as a QCL source for the temporary RS in case of known SCell.
Proposal 4: For the QCL type of temporary RS in case of the known SCell, the following quasi co-location type(s) are expected: 
· 'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block.
Proposal 5: For efficient SCell activation with assistance of temporary RS, a SSB/TRS of another active cell can be indicated as a QCL source for the temporary RS in case of unknown SCell at least in the scenario 1.
Proposal 6: The QCL source RS of a temporary RS during the SCell activation should be same as that of periodic TRS after SCell activation.
Temporary RS design
In the RAN4 LS reply [2], some conclusions on temporary RS for SCell activation are reached and those conclusions should be taken into account in the RAN1. According to the conclusions, it can be observed that:
· [bookmark: OLE_LINK52]For the case of FR1 known SCell
· If SCell measurement cycle <= 160ms, 1 burst is needed for time/frequency tracking
· If SCell measurement cycle > 160ms, 2 bursts are needed for AGC and time/frequency tracking, minimum gap between two bursts is 2 slots or 2ms
· For the case of FR1 unknown SCell
· For the case of contiguous intra-band CA, 1 burst is required for AGC when the power difference in serving cell and to be activated SCell is smaller than or equal to 6dB, 1 additional burst is required for time/frequency tracking
· FFS on the other cases
· For the case of FR2 SCell
· If there is at least one active serving cell on that FR2 band and temporary RS for the target SCell is provided, no matter whether the SCell to be activated is known or unknown, 1 temporary RS burst can be used for time/frequency tracking
· If there is no active serving cell on that FR2 band, and the SCell to be activated is known to UE, 1 temporary RS burst can be used for time/frequency tracking
· If the SCell being activated is unknown and there is no active serving cell on that FR2 band, temporary RS cannot be used for AGC, FFS time/frequency tracking
One or two burst(s) of temporary RS may be needed for SCell activation, the minimum gap between two temporary RS bursts is predefined. When temporary RS is triggered, the number of temporary RS burst and the gap between two temporary RS bursts if 2 bursts are required should be indicated to UE. Some possible options for gap indication between two temporary RS bursts can be considered:
· [bookmark: OLE_LINK53]Option 1: RRC configures the gap 
· Option 2: The triggering command indicates the gap
· Option 3: A predefined gap
Some possible alternatives for the indication of temporary RS burst number can be considered:
· [bookmark: OLE_LINK54]Alt 1: Redefining the temporary RS burst, e.g. one temporary RS burst contains 4-slot with eight CSI-RS, one temporary RS burst is triggered regardless of SCell configuration.
· Alt 2: Two temporary RS bursts are always triggered by the triggering signaling of temporary RS.
· Alt 3: One or two temporary RS burst(s) are triggered based on the explicit indication in the temporary RS triggering signaling.
· Alt 4: RRC configures the number of temporary burst.
· Alt 5: The number of temporary RS burst actually triggered is determined according to the configuration of SCell.
When analyzing the possible options for gap indication between two temporary RS bursts and possible alternatives for burst number indication, they can be combined. For the Alt 1, working assumption on the definition of temporary RS burst has been reached in the previous RAN1 meeting, there is no obvious motivation and benefit to redefine the temporary RS burst. For the Alt 2, one temporary RS burst is enough for SCell activation in most cases, 2 temporary bursts will introduce more CSI overhead and longer activation delay. For Alt 3, a new temporary RS triggering signaling needs to be introduced, the ID of temporary RS and burst number should be indicated. The gap between two bursts can also be indicated in the signaling for better flexibility. For the Alt 4, a new temporary RS triggering signaling also needs to be introduced, only the ID of temporary RS needs to be indicated in the signaling comparing with Alt 3. For the Alt 5, when UE receives the temporary RS triggering, UE is expected to receive two temporary RS bursts in the following two cases:
· For the case of FR1 known SCell, SCell measurement cycle > 160ms.
· For the case of FR1 unknown SCell, SCell is contiguous to an active serving cell in the same band (Intra-band continuous CA).
Otherwise, UE is expected to receive one temporary RS bursts. When some new cases are defined and two temporary RS bursts are required, the predefined rule for Alt 5 should be updated, it is not friendly to forward compatibility. Considering the temporary RS trigger signalling, i.e. one new MAC CE command is introduced, the temporary RS ID is indicated explicitly. Number of temporary RS burst and minimum gap between two temporary RS burst can be configured within the configuration of temporary RS by RRC, UE can achieve those information by temporary RS ID. There is no increase in signalling overhead while ensuring flexibility.
[bookmark: OLE_LINK56]Proposal 7: The number of temporary RS burst should be configured within configuration of temporary RS by RRC.
[bookmark: OLE_LINK55]Proposal 8: The gap between two temporary RS bursts should be configured within configuration of temporary RS by RRC.

Reducing Tactivation_time on two scenarios
As discussed in the section 2.2, two scenarios can be proposed with different solutions to reduce SCell activation time. 
For scenario 1, take two continuous cells as an example, if one is active cell and another is inactive SCell, then when the inactive SCell is going to be activated, there is no need for a UE to search SSB or any RS for frequency/time synchronization, path loss, coupling loss, and even RSRP during SCell activation. Because all this information can be derived from the active cell which associates with same BS hardware. Through this way, for the case that the SCell is known FR1 cell and SCell measurement cycle is equal to or smaller than 160ms in TS 38.133, Tactivation_time can be reduced to ‘3ms MAC CE command application’ + ‘200us RF chain reconfiguring’ + ‘200us coarse AGC’ as shown in Figure 3 (i.e., the time of receiving and processing SSB or RS are removed). If PDCCH triggering is used to replace MAC CE triggering for SCell activation, Tactivation_time can be further reduced to ‘X symbol PDCCH decoding’ + ‘200us RF chain reconfiguring’ + ‘200us coarse AGC’. 
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[bookmark: _Ref47729243]Figure 3 Optimized SCell activation procedure for scenario 1
Obviously, Tactivation_time is reduced significantly. Therefore, proper UE assumptions on the common properties across serving cells in the scenario 1 is beneficial and necessary to be standardized. 
Whether UE can assume shared information of path loss, coupling loss and frequency/timing from other cell depends on network implementation (i.e., whether the two cells share same hardware and are co-located deployment). Thus, network needs to inform the UE about this. To achieve this, one candidate solution is to define cell groups sharing common properties. Network can configure one or some cell groups for the UE. After that, UE assumes some specified properties used for SCell activation can be shared from another cell within a same cell group. The properties contain path loss, coupling loss, RSRP, frequency/timing offset. 
[bookmark: OLE_LINK24]Proposal 9: For scenario 1, some common properties derived from activated cell (e.g. frequency/timing synchronization, path loss, coupling loss, RSRP) can be used to reduce Tactivation_time.
Proposal 10: For scenario 1, cell groups sharing common properties (e.g. frequency/timing synchronization, path loss, coupling loss, RSRP) can be configured for a UE.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]
On reducing TCSI_Reporting
TCSI_Reporting depends on the CSI-RS resource and CSI reporting configuration. For P-CSI-RS reporting, no additional signaling for P-CSI-reporting triggering after SCell configuration which makes SCell activation procedure simpler and little specification impact. If the periodicity of periodic CSI-RS and CSI reporting is long, TCSI_Reporting is obviously long. To reduce it, a short enough periodicity for CSI-RS resource and CSI-RS reporting can be configured. But short periodicity leads to the large resource overhead, an effective time can be defined for the short periodicity CSI-RS and CSI-RS reporting. Short periodicity P-CSI-RS and P-CSI-RS reporting for low latency SCell activation can reduce uncertainty time in acquiring the first available downlink CSI reference resource or uncertainty in acquiring the first available CSI reporting resources in TCSI_Reporting. The existing minimum period of P-CSI-RS resource and reporting is 4 slots, shorter periodicity can be configured, e.g. 1 slot, thus UE can report the CSI in each slot.
Proposal 11: Short periodicity of 1 slot for periodic CSI-RS resource and CSI reporting is supported for low latency of SCell activation.
Normally, gNB activates SCell for a UE only when the UE has data waiting for transmission. In order to improve user’s experience, the most important thing is to start data transmission as soon as possible. For the scenario that SCell being activated belongs to FR2 and there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1, if the PCell/PSCell and the target SCell are in a band pair with independent beam management and the target SCell is unknown to UE, a procedure of beam management is needed to find the suitable RX/TX beam for synchronization and CSI measurement which will increase the latency of SCell activation. 
Actually, during the procedure of SCell activation, when gNB receives the beam reporting, i.e. the L1-RSRP report, it implies that UE has completed beam selection and timing synchronization which are necessary conditions for downlink transmission. It means that gNB can start downlink transmission with a conservative or rough MCS on the SCell, and UE can start to monitor PDCCH on the SCell, even though the valid CSI report is not yet reported. Thus the gNB and UE can assume the SCell is activated after the Tactivation_time. After normal CSI report is reported as legacy procedure, the MCS for transmission can be refined for better data rate. So, a possible solution to reduce the latency of SCell activation for FR2 is to remove the time duration to acquire valid CSI report from the SCell activation procedure for the scenario of SCell being activated belongs to FR2 and unknown to UE.
[bookmark: OLE_LINK9]Proposal 12: TCSI_Reporting can be removed from the SCell activation procedure for the scenario that SCell being activated belongs to FR2 and is unknown to UE. 

Conclusion
According to the above discussions, we have the following proposals:
Observation 1: Two scenarios should be considered for low latency SCell activation
· Scenario 1: some common properties can be derived from active cell
· Scenario 2: no common properties can be derived from active cell.
Proposal 1: One new MAC CE should be introduced to trigger both SCell activation and corresponding temporary RS(s).
Proposal 2: The triggering offset between the slot containing the MAC CE that triggers temporary RS and the slot in which the temporary RS is transmitted should be configured with a range of 4~64 slots.
Proposal 3: The following working assumption should be confirmed:
· For efficient SCell activation with assistance of temporary RS, a SSB of the to-be-activated SCell can be indicated as a QCL source for the temporary RS in case of known SCell.
Proposal 4: For the QCL type of temporary RS in case of the known SCell, the following quasi co-location type(s) are expected: 
· 'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block.
Proposal 5: For efficient SCell activation with assistance of temporary RS, a SSB/TRS of another active cell can be indicated as a QCL source for the temporary RS in case of unknown SCell at least in the scenario 1.
Proposal 6: The QCL source RS of a temporary RS during the SCell activation should be same as that of periodic TRS after SCell activation.
Proposal 7: The number of temporary RS burst should be configured within configuration of temporary RS by RRC.
Proposal 8: The gap between two temporary RS bursts should be configured within configuration of temporary RS by RRC.
Proposal 9: For scenario 1, some common properties derived from activated cell (e.g. frequency/timing synchronization, path loss, coupling loss, RSRP) can be used to reduce Tactivation_time.
Proposal 10: For scenario 1, cell groups sharing common properties (e.g. frequency/timing synchronization, path loss, coupling loss, RSRP) can be configured for a UE.
Proposal 11: Short periodicity of 1 slot for periodic CSI-RS resource and CSI reporting is supported for low latency of SCell activation.
Proposal 12: TCSI_Reporting can be removed from the SCell activation procedure for the scenario that SCell being activated belongs to FR2 and is unknown to UE. 
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