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1. Background
At the RAN1#105-e meeting, following agreements have been made [1]:
	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
· 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




Meanwhile, RAN4 has provided their feedback on temporary RS structures for different cases:
	[R1-2102300]
· SCell to be activated is known and belongs to FR1
· If SCell measurement cycle is equal to or smaller than 160ms
· 1 burst (2-slot with four CSI-RS resources) is necessary for time/frequency tracking 
· If SCell measurement cycle is larger than 160ms
· 1 burst (2-slot with four CSI-RS resources) is necessary for AGC
· 1 separate burst (2-slot with four CSI-RS resources) is necessary for time/frequency tracking in addition to the one for AGC
· Minimum gap between the RS symbol(s) for AGC and the RS symbols for time/frequency acquisition is,
· Option 1: 2 slots
· Option 2: 2 ms
· SCell is unknown and belongs to FR1
· When SCell is contiguous to an active serving cell in the same band (Intra-band continuous CA)
· 1 burst (2-slot with four CSI-RS resources) is necessary for AGC when the power difference in serving cell and to be activated Scell is smaller than or equal to 6dB
· No cell detection provided the conditions specified for intra-band contiguous CA case in TS38.133 section 8.3.2 are satisfied;
· 1 burst (2-slot with four CSI-RS resources) is necessary for time-frequency tracking
· SCell belongs to FR2
· If there is at least one active serving cell on that FR2 band and temporary RS for the target SCell is provided
· 1 burst (2-slot with four CSI-RS resources) is necessary 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 burst (2-slot with four CSI-RS resources) is necessary 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 while no conclusion on temporary RS use for time/frequency tracking




	[R1-2106427]
· [bookmark: _Hlk63254759]SCell to be activated is known and belongs to FR1 and if SCell measurement cycle is larger than 160ms,
It is confirmed in [R4-2104067] [R4-2105799] that 
· Temporary RS can be used for AGC
· 1 burst (2-slot with four CSI-RS resources) is required
· Temporary RS can be used for time/frequency tracking
· 1 separate burst (2-slot with four CSI-RS resources) is required in addition to the one burst required for AGC
· Minimum gap between the RS symbol(s) for AGC and the RS symbols for time/frequency acquisition is needed to account for UE AGC application time delay.
In this meeting RAN4 further discussed the minimum gap length and still no consensus was achieved. RAN4 will continue the discussion and provide feedback to RAN1 if there is conclusion.

· SCell is unknown and belongs to FR1
· When SCell to be activated is non-contiguous to an active serving cell in the same band, or
· When SCell to be activated and active serving cell are in the different band
· It is not a target scenario for temporary RS based SCell activation latency optimization.
· The agreement above applies based on RAN1 working assumptions on temporary RS design provided in the LS R1-2009798
· SCell to be activated belongs to FR2
· If the SCell being activated is unknown and there is no active serving cell on that FR2 band, 
· It is not a target scenario for temporary RS based SCell activation latency optimization.
· The agreement above applies based on RAN1 working assumptions on temporary RS design provided in the LS R1-2009798




In this contribution, we provide our views on detailed aspects of efficient SCell activation using temporary RS.

2. Signalling and configuration for Temporary RS

According to the RAN1’s WA and RAN4’s feedback, a temporary RS can be formed by one or two bursts of tracking RS. Since the structure of a tracking RS has already been specified in TS38.214 Section 5.1.6.1.1 and all necessary configuration/signalling are available in ASN.1, a temporary RS can be realized by re-using this. The only necessary change would be an interpretation of a parameter as follows:
· Indication for the slot(s) where a temporary RS is transmitted
· For legacy aperiodic CSI-RS, aperiodicTriggeringOffset or aperiodicTriggeringOffset-r16 configured for each NZP-CSI-RS resource set indicates the slot-level offset from the slot where the triggering DCI is detected to the slot where the CSI-RS according to the NZP-CSI-RS resource set is transmitted.
· However, for temporary RS based on option 1b, there will be no triggering DCI – instead, a MAC-CE triggers it. Besides, it was agreed that the reference slot for triggering offset of temporary RS is the last DL slot of the to-be-activated SCell overlapping with slot n+k as defined in 38.213 sub-clause 4.3. Therefore, the triggering offset indication should be based on this reference slot.
· For this, the current configuration framework can be maintained with re-interpreting the value of aperiodicTriggeringOffset or aperiodicTriggeringOffset-r16 as the number of slots from the last DL slot of the to-be-activated SCell overlapping with slot n+k as defined in 38.213 sub-clause 4.3. Note that it is not possible to indicate minus value by aperiodicTriggeringOffset or aperiodicTriggeringOffset-r16.

It was agreed that a temporary RS is an aperiodic RS. Since triggering/activation of aperiodic CSI-RS has already been specified in TS38.214 Sections 5.2.1.5.1 and 5.2.1.5.1a and all necessary configuration/signalling are available in ASN.1, a triggering mechanism for a temporary RS can be realized by re-using them. In order to support multiple bursts of tracking RS for a temporary RS, support of a larger number of NZP-CSI-RS-Resource associated with a triggering state is required (compared to legacy tracking RS). Nevertheless, this does not require spec change.
According to the legacy CSI framework, the carrier(s) where aperiodic CSI-RS is triggered is configured by carrier in the associated CSI-ReportConfig linked to the CSI-ResourceConfig for the aperiodic CSI-RS. This parameter can be re-used for temporary RS for SCell activation to configure on which carrier(s) it is triggered. For a given carrier, the DL BWP where the aperiodic CSI-RS is transmitted is configured by bwp-id in each CSI-ResourceConfig. Considering that the first active DL BWP for a to-be-activated SCell is configured by firstActiveDownlinkBWP-id in the ServingCellConfig for the carrier, this bwp-id in each CSI-ResourceConfig for temporary RS for SCell activation is indeed redundant. However, it is not necessary to change the spec – network can ensure that for triggering temporary RS, bwp-id in each CSI-ResourceConfig is not provided or is aligned with firstActiveDownlinkBWP-id in the ServingCellConfig. Overall, for aperiodic triggering a temporary RS, the only necessary change compared to legacy is to use a MAC-CE instead of a DCI.

[image: ]
Fig.1 Diagram of ASN.1 signalling structure of aperiodic RS triggering

Proposal 1: Re-use the existing CSI-RS configuration framework with the following change
· A burst on a serving cell is a tracking RS as specified in TS38.214 5.1.6.1.1
· Four NZP-CSI-RS resources over two consecutive slots form one or multiple NZP-CSI-RS resource sets that forms a burst
· For each NZP-CSI-RS resource in a NZP-CSI-RS resource set:
· Time-domain locations of four CSI-RS resources in two consecutive slots for a burst is {4, 8}, {5, 9}, or {6, 10}
· Single antenna port is configured
· Density p=3 is configured
· For each NZP-CSI-RS resource set:
· Higher layer parameter trs-Info is configured
· Offset parameter (e.g., aperiodicTriggeringOffset) is provided where the slot with offset = 0 is the last DL slot of the to-be-activated Scell overlapping with slot n+k as defined in 38.213 sub-clause 4.3
· One or multiple bursts form a temporary RS on a serving cell

Proposal 2: Re-use the existing aperiodic triggering framework for a temporary RS with the following change
· A triggering state list that includes one or multiple triggering state is configured
· Each triggering state is associated with an indication by the MAC-CE
· Each triggering state configuration includes a list of {resourceSet, qcl-Info}, where:
· resourceSet = one of NZP-CSI-ResourceSet provided by a CSI-RS-ResourceConfig associated with a CSI-RS-ReportConfig
· carrier in the CSI-ReportConfig informs on which carrier the CSI-RS is transmitted
· bwp-id in the CSI-ResourceConfig should be either (1) not configured or (2) same as firstActiveDownlinkBWP-Id in the ServingCellConfig for the to-be-activated SCell
· qcl-Info = list of TCI-StateId to inform the QCL source/type for each NZP-CSI-RS-Resource in the NZP-CSI-RS-ResourceSet configured as resourceSet


Lastly, the relation between the SCell(s) to-be-activated and the SCell(s) that carries temporary RS is discussed. From RAN1 point or view, it is more flexible to make the two indications independent. For example, with the following setup where deactivated SCells #1 - #4 are activated by the MAC-CE, RAN1 should make it possible to trigger temporary RS on all or some of the to-be-activated SCells. The actual requirements/conditions for particular SCell activation delay requirement is anyway up to RAN4.
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As for exact signalling, codepoint based triggering state indication, same as for legacy aperiodic CSI-RS triggering, works well. 

Proposal 3:
· For the MAC CE signalling design: 
· One field indicates SCell activation for one or multiple SCells
· Another field indicates a trigger state of temporary RS on all or subset of the one or multiple to-be-activated SCells
· The indication can be a codepoint indication similar to A-CSI request in a UL DCI format


3. Conclusion
In this contribution we proposed designs of temporary RS structure and its triggering signalling as follows.

Proposal 1: Re-use the existing CSI-RS configuration framework with the following change
· A burst on a serving cell is a tracking RS as specified in TS38.214 5.1.6.1.1
· Four NZP-CSI-RS resources over two consecutive slots form one or multiple NZP-CSI-RS resource sets that forms a burst
· For each NZP-CSI-RS resource in a NZP-CSI-RS resource set:
· Time-domain locations of four CSI-RS resources in two consecutive slots for a burst is {4, 8}, {5, 9}, or {6, 10}
· Single antenna port is configured
· Density p=3 is configured
· For each NZP-CSI-RS resource set:
· Higher layer parameter trs-Info is configured
· Offset parameter (e.g., aperiodicTriggeringOffset) is provided where the slot with offset = 0 is the last DL slot of the to-be-activated Scell overlapping with slot n+k as defined in 38.213 sub-clause 4.3
· One or multiple bursts form a temporary RS on a serving cell

Proposal 2: Re-use the existing aperiodic triggering framework for a temporary RS with the following change
· A triggering state list that includes one or multiple triggering state is configured
· Each triggering state is associated with an indication by the MAC-CE
· Each triggering state configuration includes a list of {resourceSet, qcl-Info}, where:
· resourceSet = one of NZP-CSI-ResourceSet provided by a CSI-RS-ResourceConfig associated with a CSI-RS-ReportConfig
· carrier in the CSI-ReportConfig informs on which carrier the CSI-RS is transmitted
· bwp-id in the CSI-ResourceConfig should be either (1) not configured or (2) same as firstActiveDownlinkBWP-Id in the ServingCellConfig for the to-be-activated SCell
· qcl-Info = list of TCI-StateId to inform the QCL source/type for each NZP-CSI-RS-Resource in the NZP-CSI-RS-ResourceSet configured as resourceSet

Proposal 3:
· For the MAC CE signalling design: 
· One field indicates SCell activation for one or multiple SCells
· Another field indicates a trigger state of temporary RS on all or subset of the one or multiple to-be-activated SCells
· The indication can be a codepoint indication similar to A-CSI request in a UL DCI format
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