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Introduction
[bookmark: _Hlk510705081]RAN#86 approved a Further Multi-RAT Dual-Connectivity enhancements WI for Release 17 with the following objective [1]:
	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
2. Support of conditional PSCell change/addition [RAN2,RAN3, RAN4]
· support scenarios which are not addressed in Rel-16 NR mobility WI



With respect to highlighted objective, the following agreements were made in the RAN1#105 [2]:
	Agreement: For efficient activation of Scells, the triggered temporary RS is aperiodic.
Agreement: For efficient activation of a Scell (in known Scell case), at least the number of temporary RS bursts is indicated by a field in new MAC-CE
· The number of temporary RS bursts is RRC configurable.
· FFS: which field in MAC-CE is used and how this field is associated with the number of bursts
· For the purpose of designing temporary RS Scell activation, there is no RAN1 specification impact for the case where the number of indicated temporary RS bursts is smaller than what is expected by the UE

Agreement: To trigger temporary RS for efficient activation of SCells, the contents of the triggering MAC-CE(s) in a single PDSCH provide at least the following information (explicitly or implicitly):
· Whether or not temporary RS is triggered
· FFS detailed Information of temporary RS, e.g.: 
· Resources used for triggered Temporary RS
· Triggering time offset of triggered Temporary RS
· QCL source for triggered Temporary RS
· FFS: Detailed signaling structure of the triggering MAC-CE(s) including the down-selection between the following example options and whether the decision should be made in RAN1 or RAN2
· Opt. 1.1: One new MAC CE for both SCell activation triggering and corresponding temporary RS triggering
· Opt. 1.2: One R15/16 SCell activation MAC CE for SCell activation triggering and one new MAC CE (in the same PDSCH) for corresponding temporary RS triggering

Agreement: For efficient activation of a Scell (in known Scell case), the triggering offset of temporary RS is indicated by a field in new MAC-CE
· The candidate value(s) of triggering offset(s) is RRC configurable
· FFS: which field in MAC-CE is used and how this field is associated with the value of triggering offset

Agreement: For the reference slot for triggering offset of temporary RS
· [bookmark: _Hlk74731030]Option 2: the last DL slot of the to-be-activated Scell overlapping with slot n+k as defined in 38.213 sub-clause 4.3
· FFS: the earliest slot no earlier than the reference slot for a UE to receive a triggered temporary RS

Agreement:  If a UE measures a temporary RS triggered by a MAC-CE during SCell activation procedure, the measurement is performed within the BWP bandwidth of BWP indicated by firstActiveDownlinkBWP-Id



RAN1#106 added the following agreements [5]
	Agreement: For efficient SCell activation, the earliest slot for a UE to receive a triggered temporary RS is the reference slot (i.e., the last DL slot of the to-be-activated Scell overlapping with slot n+k as defined in 38.213 sub-clause 4.3).
Agreement: To trigger temporary RS, 
· MAC-CE at least provides the following information:
· temporary RSs are to be triggered on X out of Y (Y≥X) to-be-activated SCells, respectively, while no temporary RS is to be triggered on the other to-be-activated SCells.
· The following information can be provided by RRC for temporary RS for each SCell
· The number of RS bursts and the gap length between the RS bursts (Opt 2.3.3)
· Triggering offset of temporary RS (Opt 2.3.4)
· QCL information (Opt 2.3.5)
· FFS: the maximum number of temporary RS per cell/per UE
Note: Reusing A-TRS triggering framework is not precluded.
· Information for 0, 1, or more temporary RS can be provided for each configured SCell
Agreement: For triggering temporary RS, down-select based on the following alternatives, or let RAN2 be aware the status of this discussion
· Alt 1: Bitmap approach in MAC-CE
· Every Z-bit block in the bitmap corresponds to a SCell, Z>=0
· A Z-bit block indicates the temporary RS [configuration index], and a value zero indicated by the bit block means no RS resource transmitted.
· The to-be-activated SCell is indicated via the C values in the legacy SCell activation/de-activation MAC CE or in the new MAC-CE
· Alt 2: Reuse A-TRS triggering framework
· A trigger state is indicated by the MAC-CE explicitly
· The association between a trigger state and temporary RS for one or multiple SCells is configured by RRC according Rel-16 A-TRS triggering framework
· FFS: The value zero of the MAC-CE indication means no temporary RS is triggered by the MAC-CE for all to-be-activated SCells
· Note: The down-selection targets at a RAN1 consensus on MAC-CE functionality and the list of RRC parameters for this feature. Any MAC-CE signaling design above are reference concept, its final MAC-CE signaling design is up to RAN2.





This document discusses the further details wrt. the fast SCell activation relevant to RAN1. 

RRC configuration and MAC-CE contents
For the case of MAC-CE based SCell Activation and TRS tirggering the following figure outlines the activation procedure. Before this procedure can take place, the UE needs to be provided with a corresponding RRC configuration.



Figure 1: SCell activation procedure


Temporary RS configuration with MAC-CE indication
With regard to the RAN1#105 and RAN1#106 agreements on the MAC-CE contents (FFS bullets not reproduced):
	RAN1#105:
Agreement: For efficient activation of a Scell (in known Scell case), at least the number of temporary RS bursts is indicated by a field in new MAC-CE
· The number of temporary RS bursts is RRC configurable.

Agreement: To trigger temporary RS for efficient activation of SCells, the contents of the triggering MAC-CE(s) in a single PDSCH provide at least the following information (explicitly or implicitly):
· Whether or not temporary RS is triggered

Agreement: For efficient activation of a Scell (in known Scell case), the triggering offset of temporary RS is indicated by a field in new MAC-CE
· The candidate value(s) of triggering offset(s) is RRC configurable

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

RAN1#106:
Agreement: To trigger temporary RS, 
· MAC-CE at least provides the following information:
· temporary RSs are to be triggered on X out of Y (Y≥X) to-be-activated SCells, respectively, while no temporary RS is to be triggered on the other to-be-activated SCells.
· The following information can be provided by RRC for temporary RS for each SCell
· The number of RS bursts and the gap length between the RS bursts (Opt 2.3.3)
· Triggering offset of temporary RS (Opt 2.3.4)
· QCL information (Opt 2.3.5)
· FFS: the maximum number of temporary RS per cell/per UE
Note: Reusing A-TRS triggering framework is not precluded.
· Information for 0, 1, or more temporary RS can be provided for each configured SCell



The existing Rel15/Rel16 CSI-RS framework can be resused for the configuration signalling. i.e. a set of temporary RS configurations can be provided by RRC and the activation MAC-CE would contain an index to one of the configurations.
MAC-CE has been agreed to consist of at least the following fields:
· If an SCell is to be activated
· If an SCell being activated transmits 0,1, or more temporary RS
· Triggering offset for the 1st temporary RS (if present)
· Gap length from the 1st temporary RS to the 2nd temporary RS (if 2nd TRS present)
· QCL information of the temporary RS(s) (working assumtion)

Table 1: Information provided over RRC and over MAC-CE
	Information
	RRC configuration [per SCell]
	MAC-CE information

	SCell activation
	SCell config
	Indication of SCell(s) to be activated

	Number of temp RS
	CSI-RS config(s) for temp RS
	· Number of Temp RS {0,1,2}
· FFS: CSI-RS configuration index

	Time offset of the temp RS
	Set of possible offsets
	Index to selected offset

	Gap length between temp RSs
	Set of possible gap lengths
	Index to selected gap length

	QCL information
	FFS: Source cell for the QCL source
	SSB index of selected QCL source SSB



Table 1 represents the relation between the RRC-configured information and the information delivered by MAC-CE. 
The MAC-CE could consist of an index to a temporary RS configuration, if RAN1 agrees that several CSI-RS configurations can be preconfigured to the UE for MAC-CE to pick one. The UE could be configured with one or more temporary RS configurations using the CSI-RS-ResourceMapping IE existing in the specifications already
CSI-RS-ResourceMapping ::= 	SEQUENCE {
frequencyDomainAllocation 		CHOICE {
	row1		 							BIT STRING (SIZE (4)),
	row2		 							BIT STRING (SIZE (12)),
	row4 									BIT STRING (SIZE (3)),
	other 									BIT STRING (SIZE (6))
},
nrofPorts					 		ENUMERATED {p1,p2,p4,p8,p12,p16,p24,p32},
firstOFDMSymbolInTimeDomain 	INTEGER (0..13),
firstOFDMSymbolInTimeDomain2 	INTEGER (2..12) OPTIONAL, -- Need R
cdm-Type 								ENUMERATED {noCDM, fd-CDM2, cdm4-FD2-TD2, cdm8-FD2-TD4},
density 								CHOICE {
	dot5 									ENUMERATED {evenPRBs, oddPRBs},
	one 									NULL,
	three 									NULL,
	spare 									NULL
},
freqBand 									CSI-FrequencyOccupation,
...
}
In addition the abovementioned MAC-CE info fields would need to be configured. In case multiple temporary RS configurations are agreed, the MAC-CE fields should be separately configured to apply to all the configured temporary RS, not an attribute of each temporary RS configurations.
The following example RRC structure illustrates a possible organization and the values as configured for one SCell, that would need to be discussed.
TemporaryRS-Config ::=				SEQUENCE {
		temporaryRS-ConfigId					Temporary-RS-ConfigId
		temporaryRS-ResourceMapping		SEQUENCE (SIZE (1…N1)) of CSI-RS-ResourceMapping
		temporaryRS-MAC-CE-Config			SEQUENCE {
		triggeringOffsetSet					SIZE (1…N2) of TriggeringOffset,
		temporaryRS-GapSet					SIZE (1…N3) of TemporaryRS-Gap			OPTIONAL,
		ETC…	 									
	},
	qcl-CellId				SCellIndex															OPTIONAL
	…
}

TriggeringOffset ::=				INTEGER (0…K1)
TemporaryRS-Gap ::=				INTEGER (1…K2)
ETC…

The above obviously being an example and for RAN2 to design, but it is helpful in illustrating that in addition to the set of information RRC needs to deliver, RAN1 needs to agree at least:
· The maximum number of parallel configurations for each RRC-configured parameter (Ni in the above example RRS structure)
· Value range of each RRC-configured parameter (Ki in the above example RRS structure)

Proposal 1: The following is provided over RRC and MAC for fast SCell activation
· RRC configuration provides at least the following parameters per SCell:
· A set of CSI-RS configurations as temporary RS. Set size range: 0-4
· A set of triggeringOffsets for the 1st temp RS time location in slots. Set size range: 0-4
· A set of gaps from 1st to the 2nd temp RS in slots. Set size range: 0-4
· QCL source cell ID, if cross-carrier QCL source is to be applied
· MAC-CE provides at least the following information per to-be-activated SCell, if the SCell is to transmit temporary RS
· Index to the CSI-RS configuration
· Index to the triggering offset
· Index to a gap between the 1st and the 2nd temporary RS. Zero gap means no 2nd temporary RS
· SSB index to the QCL source SSB

MAC-CE design
RAN1#106 made the following agreement:
	Agreement: For triggering temporary RS, down-select based on the following alternatives, or let RAN2 be aware the status of this discussion
· Alt 1: Bitmap approach in MAC-CE
· Every Z-bit block in the bitmap corresponds to a SCell, Z>=0
· A Z-bit block indicates the temporary RS [configuration index], and a value zero indicated by the bit block means no RS resource transmitted.
· The to-be-activated SCell is indicated via the C values in the legacy SCell activation/de-activation MAC CE or in the new MAC-CE
· Alt 2: Reuse A-TRS triggering framework
· A trigger state is indicated by the MAC-CE explicitly
· The association between a trigger state and temporary RS for one or multiple SCells is configured by RRC according Rel-16 A-TRS triggering framework
· FFS: The value zero of the MAC-CE indication means no temporary RS is triggered by the MAC-CE for all to-be-activated SCells
· Note: The down-selection targets at a RAN1 consensus on MAC-CE functionality and the list of RRC parameters for this feature. Any MAC-CE signaling design above are reference concept, its final MAC-CE signaling design is up to RAN2.



The RRC structure provided above allows for flexible configuration of the QCL-config and temp RS for an SCell. The temporary RS and QCL info could be related to a different cell, which may or may not be activated, e.g., FR2 case of intra band SCell activation where the temp RS is transmitted on an active BWP.
Employing a bitmap approach for the MAC-CE design in which every Z-bit block in the bitmap corresponds to a SCell, (Z>=0 ) and a Z-bit block indicates the temporary RS [configuration index] where a value zero indicated by the bit block means the SCell is not to be activated. This design is not exactly aligned with Alt1 discussed in RAN#106-e but allows to further reduce the MAC-CE payload based on the RRC structure proposed.
It should be noted that adopting the proposed RRC configuration principle implies that every possible combination of temp RS which can be used to fastly activate an SCell has to be configured per SCell, but there after the combination of SCells to be activated is not limited. In Alt 2 discussed during RAN1#106-e, the RRC configured scenarios of temp RS and SCell combinations could impose a high overhead and limit the combination of SCells which could be fastly activated.
For example, if a UE is configured with a codepoint#1 to activate SCell#1, SCell#3 and SCell#4 but the serving cell only wants to activate SCell#1 and #3 and has not codepoint with the desired temp RSs for this, it could fall back to codepoint#1 but this would lead to unnecessary UE slow activation of SCell#4 with its impact on battery life.
Proposal 2: Proceed with the RAN1 design with the assumption that MAC-CE bitmap approach with every Z-bit block corresponds to an SCell is adopted (Alt 1)

Interaction with RAN2 on RRC and MAC
RAN1 has to produce a list of RRC parameters to RAN2 for this feature. As discussed in section 2.1 there is a tight interaction between the RRC parameters and the field ranges in the MAC-CE. The section 2.2 discusses the MAC-CE design aspects, while section 2.3 looks at the configurability of the QCL relations. From all this it becomes evident that for RAN1 to be able to provide RRC parameters for RAN2, RAN1 needs to agree on:
· The set of RRC parameters, and respective parameter value ranges
· Due to the tight coupling to the above, the MAC-CE-provided information and related information value ranges need to be decided jointly with the set of RRC parameters and their respective ranges.

Proposal 3: Provide RAN2 with a set of RRC parameters with value ranges, a set of MAC-CE information fields and their respective value ranges, and leave it for RAN2 to decide on the best way to construct the RRC signalling and the MAC-CE format.
QCL relation of the temporary RS 
The following working assumption was reached in RAN1#105, and despite lengthy discussion in RAN1#106 the WA remained unmodified and unconfirmed:
	Working Assumption [RAN1#105]
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
· FFS: QCL type
· FFS: the case of unknown SCell
· FFS: other QCL source, e.g. the SSB/P-TRS of another active cell



Known Cell Case
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.
· During the SCell activation procedure the periodic TRS is not active hence it seems difficut to preserve Rel15/16 framework in which the aperiodic TRS source QCL type is set to type A and type D (when applicable) with a periodic TRS CSI-RS resources and the periodic TRS resources are QCL type C with the SSB. For SCell activation the temporary RS should be allowed to be QCLed with the SSB and hence QCL type C with an SS/PBCH block and when applicable type D with the same SS/PBCH block shall be supported. After activation, there is no need for the temporary RS to be used as a QCL source for any RS or Channels. The initial link between the TRS and the SSB beam as in the WA suffices. 
· For the other QCL source, e.g., the SSB/P-TRS of another active cell, the provided structure in section 2.1 would enable this. The QCL type for this scenario could be based on:
· QCL Type : ‘typeC’ with an SS/PBCH block and, when applicable, ‘typeD’ with the same SS/PBCH block. 
· QCL Type : ’typeA’ with a P-TRS of an active cell and when applicable ’typeD’

Proposal 4: Support QCL Type: ‘typeC’ with an SS/PBCH block and, when applicable, ‘typeD’ with the same SS/PBCH block for the temporary RS in fast SCell activation procedure 

Unknown Cell Case
· One of the issues for the unknown cell is how to indicate the QCL source for the activation TRS. At least for co-located intra-band CA, QCL across carriers can be used to resolve the unknown cell problem if there is one known (active) cell on the band. For other cases scanning of the SSB of the to-be activated SCell would be required neglecting any potential gains from fast SCell activation.

Proposal 5: The QCL source SSB can be in a different Cell than the SCell being activated as long as the two cells are in the same frequency band
CSI Reporting for an SCell being activated
Current framework under discussion for fast Scell activation enables the aperiodic transmission of temp RS signal. The current specifications states that a UE does not expect to be configured with a reportQuantity set to a value other than ‘none’ for an aperiodic tracking CSI-RS. It should be further noted that the temp RS and the SSB, which may be the possible fallback for some scenarios, are single port transmissions. To fully exploit gains of an activated Scell a CSI-RS report including CQI would be required.
In order to enable early activation of the Scell it could be beneficial to allow for CSI-RS reporting based on the temp RS. This initial report would serve two purposes: confirmation of UE detection of temp RS signals and indication of start of the scheduling availability on the SCell, albeit conservatively. 
Proposal 6: gNB can schedule the UE with PDSCH immediately after the first CSI reporting including CQI or RSRP feedback based on TRS employed for fast Scell activation.
In case the temporary RS cannot be used for CSI reporting, in order to reduce the latency associated with a UE being able to fully exploit a SCell’s capacity and let the gNB be aware of the activation status (differing on whether the cell as known or unknown), a faster CSI-RS resource provisioning and reporting is required. The the MAC-CE activation for an SCell should act as a trigger CSI reporting for that cell. A semi-persistent CSI reporting framework with a high reporting rate lends itself well to this purpose as it would allow for the reporting to continue until a valid one is received regardless of whether the SCell being activated is a known cell or an unknown cell, and there’d be no additional specification effort than defining the triggering event to be conditioned to the reception of the activation MAC-CE.
Proposal 7: The UE should consider the MAC-CE activation of an SCell as a trigger for a preconfigured SP-CSI reporting for that cell.
Handling of known/unknown cells
The gNB does not have a-priori knowledge of what cells are known and what cells are unknown to the UE. The known vs. uknown cell status is defined in TS38.133 and has a dependency on whether the SSB measured remains detectable. L3 based measurement reports of an SCell are not instantenous and a UE having sent a valid measurement report for an SCell is only one of the critierions use to evaluate the status of known vs unknown. Cell status variation (known/unknwon) may happen after a UE measurement report is submitted. The known vs. unknown status may impact fast SCell activation in at least two ways:

1. The previously reported SSBs of the Scell to-be activated are no longer detectacle: If due to mobility the UE’s best SSBs are no longer in the subset it previously reported to the serving cell, a fast SCell activation procedure with the wrong temporary RS may result in additional activation delay

2. The SCell to be activated is no longer detectable: independently of which temp RS is selected by the serving cell for fast SCell activation, the SCell may not be able to be activated at all.

The above 2 cited scenarios could lead to unpredictable gains from this feature and hence the feature not being deployed when UEs consuming additional battery power that could have been avoided with this feature. Furthermore, it should be considered that CA is not only a tool for network capacity enhancement but also for fast load balancing between carriers. The more reliable and faster the SCell activation procedure is, the higher the likelyhood of deactivations when not needed and hence higher UE battery savings.To ensure reliable and fast SCell activation the serving cell would benefit from UE feedback on which SCells are in known vs unknown state so it can re-act accordingly.

For example, if the serving cell chooses to fastly activate a 100 MHz mid-band cell, due to increased data in the serving cell buffer, but this SCell to-be activated is in unknown status from UE point of view, the activation delay would be larger than expected. Given the bursty nature of traffic this may not serve the purpose for a fast load balancing if the serving cell wants to offload delay critical traffic. If upon SCell activation the UE could provide feedback, via L1 or L2 regarding the SCells it can activte with reduced latency, this would allow the serving cell to react faster to the needs and potentially also save the overhead of sending temp RS which the UE would not be able to employ.

A gNB cannot make fast SCell activation decisions reliably without UE feedback and without this feedback it would have to assume worst case scenarios which would mean e.g. activating all possible SCells leading to additional overheads, higher jitter in SCell activation times and higher UE battery consumption. 
Observiation: For a cell to be in known status, as stated above a valid measurement report needs to be provided in the period of max(5*measCycleScell, 5 DRX Cycles). Providing a framework via which UE can provide feedback on deactivated or to-be activated SCell status would enable also to relax SCell measurements and reporting further improving UE battery life savings.
Proposal 8: A UE may provide feedback to the gNB on the status of SCells (unknown vs known e.g.) upon the reception of MAC CE Scell activation command in which more than one Scell is requested for activation. FFS whether the feedback is L1 (e.g. HARQ-ACK codebook based or early CQI reporting) or L2.
Conclusion
This contribution makes the following proposals:
Proposal 1: The following is provided over RRC and MAC for fast SCell activation
· RRC configuration provides at least the following parameters per SCell:
· A set of CSI-RS configurations as temporary RS. Set size range: 0-4
· A set of triggeringOffsets for the 1st temp RS time location in slots. Set size range: 0-4
· A set of gaps from 1st to the 2nd temp RS in slots. Set size range: 0-4
· QCL source cell ID, if cross-carrier QCL source is to be applied
· MAC-CE provides at least the following information per to-be-activated SCell, if the SCell is to transmit temporary RS
· Index to the CSI-RS configuration
· Index to the triggering offset
· Index to a gap between the 1st and the 2nd temporary RS. Zero gap means no 2nd temporary RS
· SSB index to the QCL source SSB

Proposal 2: Proceed with the RAN1 design with the assumption that MAC-CE bitmap approach with every Z-bit block corresponds to an SCell is adopted (Alt 1)
Proposal 3: Provide RAN2 with a set of RRC parameters with value ranges, a set of MAC-CE information fields and their respective value ranges, and leave it for RAN2 to decide on the best way to construct the RRC signalling and the MAC-CE format.
Proposal 4: Support QCL Type: ‘typeC’ with an SS/PBCH block and, when applicable, ‘typeD’ with the same SS/PBCH block for the temporary RS in fast SCell activation procedure 
Proposal 5: The QCL source SSB can be in a different Cell than the SCell being activated as long as the two cells are in the same frequency band

Proposal 6: gNB can schedule the UE with PDSCH immediately after the first CSI reporting including CQI or RSRP feedback based on TRS employed for fast Scell activation.
Proposal 7: The UE should consider the MAC-CE activation of an SCell as a trigger for a preconfigured SP-CSI reporting for that cell.
Observiation: For a cell to be in known status, as stated above a valid measurement report needs to be provided in the period of max(5*measCycleScell, 5 DRX Cycles). Providing a framework via which UE can provide feedback on deactivated or to-be activated SCell status would enable also to relax SCell measurements and reporting further improving UE battery life savings.
Proposal 8: A UE may provide feedback to the gNB on the status of SCells (unknown vs known e.g.) upon the reception of MAC CE Scell activation command in which more than one Scell is requested for activation. FFS whether the feedback is L1 (e.g. HARQ-ACK codebook based or early CQI reporting) or L2.
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