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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the past few 3GPP RAN1 meetings, agreements and working assumptions on efficient activation/de-activation mechanism for SCells were achieved, and new versions of RAN1 specifications were generated and approved. In addition, RAN2 spec CR drafts and LS to RAN1 on new agreements and a question were also provided. In this contribution, remaining details on these enhancements are provided. 

Discussions
In RAN2 LS (R2-2202056 = R1-2200890) to RAN1, RAN2 asks:
[bookmark: _Hlk94880527]In RAN2’s understanding, the trs-info in NZP-CSI-RS-ResourceSet will be set to TRUE if the CSI-RS for tracking is the temporary RS for fast SCell activation.
Q1: RAN2 would like to confirm whether RAN2’s understanding is correct and whether there is any limitation in TRS configuration for fast SCell activation in Rel-17 which needs to be captured in RAN2 spec?

About trs-info
Based on existing RAN1/4 discussions/agreements and the latest RAN1 specs, the temporary RS burst has to be a TRS, i.e., the trs-info in NZP-CSI-RS-ResourceSet must be set to TRUE in order for the NZP CSI-RS to be a temporary RS. The relevant RAN1 spec is:

	[bookmark: _Toc11352099][bookmark: _Toc20317989][bookmark: _Toc27299887][bookmark: _Toc29673152][bookmark: _Toc29673293][bookmark: _Toc29674286][bookmark: _Toc36645516][bookmark: _Toc45810561][bookmark: _Toc90388048]TS 38.214, v17.0.0
5.1.6.1.1	CSI-RS for tracking
[bookmark: _Hlk513060382]A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.
…
5.1.6.1.1.1	Aperiodic CSI-RS for fast SCell activation
A UE can be configured with aperiodic CSI-RS resources for tracking for an SCell for fast SCell activation using NZP-CSI-RS-ResourceSet(s) with the higher layer parameter [TRSforScellActivation-List], with the QCL relation as with aperiodic CSI-RS for tracking in clause 5.1.6.1.1.
Each CSI-RS resource, defined in clause 7.4.1.5.3 of [4, TS 38.211], for fast SCell activation is configured by the higher layer parameter NZP-CSI-RS-Resource with the same restrictions as defined for CSI-RS for tracking in clause 5.1.6.1.1.



Only four resources are supported for temporary RS
Additionally, RAN2 asks if there is any limitations for a TRS to be a temporary RS. There are at least two limitations. One is that a temporary RS has to be on a BWP with firstActiveDownlinkBWP-Id. This has been correctly captured in RAN2 CR R2-2201714 as:
	CR R2-2201714 for TS 38.331
resourceSet
[bookmark: _Hlk94882473]nzp-CSI-ResourceSetId of the NZP-CSI-RS-ResourceSet of this serving cell used as resource configuration for one or two bursts for SCell activation. This NZP-CSI-RS-ResourceSet consists of either four NZP CSI-RS resources in two consecutive slots with two NZP CSI-RS resources in each slot, or consists of two NZP CSI-RS resources in one slot (see TS 38.214 [19], clause x.y.z). The CSI-RS associated with this NZP-CSI-RS-ResourceSet are located in the BWP addressed by firstActiveDownlinkBWP-Id.



Another limitation is that a temporary RS has to be a NZP CSI-RS with four NZP CSI-RS resources in two consecutive slots and cannot be two NZP CSI-RS resources in one slot. As shown above, this limitation was not correctly captured in RAN2 CR and needs to be corrected. The relevant RAN1 spec is:

	TS 38.214, v17.0.0
5.2.1.5.3	Aperiodic CSI-RS for tracking for fast SCell activation
When the UE receives an activation MAC-CE that triggers one or two CSI-RS bursts for fast SCell activation for a (set of) deactivated SCell(s),
-	if the MAC-CE indicates that the first CSI-RS burst for SCell activation is present in an SCell, then the UE may assume that the first CSI-RS burst for SCell activation is present in that SCell. The first slot of the first CSI-RS burst starts at the m1th SCell slot after the last SCell slot coinciding with the reference slot n+k, as defined in clause 4.3 of [6, TS38.213], of the cell in which the MAC-CE was received.
[bookmark: _Hlk89434582]-	if the MAC-CE indicates that the second CSI-RS burst for SCell activation is present in an SCell, then the UE may assume that the second CSI-RS burst for SCell activation is present in that SCell. The first slot of the second CSI-RS burst starts at the m2th SCell slot after the end of the first CSI-RS burst. The CSI-RS of the second burst shall have the same antenna port index, OFDM symbol allocations in a slot, same PRB allocation location as the CSI-RS of the first burst.
-	Where the CSI-RS burst is defined as four CSI-RS resources in two consecutive slots in clause 5.1.6.1.1.1, and m1 and m2 are provided by the MAC-CE and higher layer configuration.



QCL information and TCI state ID
Furthermore, as a TRS is a resource set with periodic NZP CSI-RS resources, the four CSI-RS resources in two consecutive slots in a temporary RS are in fact identical, and hence they have the same QCL relation / TCI state ID to the QCLed periodic TRS. The relevant RAN1 spec is:

	TS 38.214, v17.0.0
5.1.6.1.1	CSI-RS for tracking
A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.
For a NZP-CSI-RS-ResourceSet configured with the higher layer parameter trs-Info, the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same. 
[bookmark: _Hlk25849405]-	For frequency range 1, the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. If no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, then the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic NZP CSI-RS resources in one slot. 
-	For frequency range 2 the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic CSI-RS resources in one slot or with a NZP-CSI-RS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. 
…
Each CSI-RS resource, defined in Clause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter NZP-CSI-RS-Resource with the following restrictions:
…

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.3-1 from [4, TS 38.211] and higher layer parameter density configured by CSI-RS-ResourceMapping.
…



In essence, a TRS consists of identical one-port CSI-RS resources, and the same antenna port shall be assumed. The resources cannot have different antenna port QCL assumptions. This applies to both periodic and aperiodic TRS. Hence, the temporary RS does not need a sequence of TCI state IDs to define its QCL information as done in the current TS 38.331 CR; one TCI state ID is applied to all four CSI-RS resources in the temporary RS and is sufficient. 

	CR R2-2201714 for TS 38.331
SCellActivationRS-Config information element
-- ASN1START
-- TAG-SCELLACTIVATIONRS-CONFIG-START

SCellActivationRS-Config-r17 ::= SEQUENCE {
    scellActivationRS-Id-r17          SCellActivationRS-ConfigId-r17,
    resourceSet-r17                   NZP-CSI-RS-ResourceSetID,
    gapBetweenBursts-r17              INTEGER (2..31)                                                            OPTIONAL, -- Need R
    qcl-Info-r17                      SEQUENCE (SIZE(1..maxNrofAP-CSI-RS-ResourcesPerSet)) OF TCI-StateId,
    ...
}

-- TAG-SCELLACTIVATIONRS-CONFIG-STOP
-- ASN1STOP




We then suggest RAN1 to ask RAN2 change “SEQUENCE (SIZE(1..maxNrofAP-CSI-RS-ResourcesPerSet)) OF TCI-StateId” to “TCI-StateId”.

Thus, we suggest the following proposal to reply to RAN2 LS:

Proposal 1: Reply to RAN2 LS as:
· RAN1 confirms that RAN2’s understanding is correct, that is, the trs-info in NZP-CSI-RS-ResourceSet will be set to TRUE in TS 38.331 if the CSI-RS is to be configured as a CSI-RS for tracking for fast SCell activation. 
· In addition, in TS 38.331, such a CSI-RS can only be configured on a BWP with firstActiveDownlinkBWP-Id and with four NZP CSI-RS resources in two consecutive slots with two NZP CSI-RS resources in each slot. A CSI-RS for tracking for fast SCell activation cannot be one with two NZP CSI-RS resources in one slot.
· A CSI-RS for tracking, including a CSI-RS for tracking for fast SCell activation, consists of CSI-RS resources with the same antenna port with the same QCL information / TCI state ID. 

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed Rel-17 efficient SCell activation mechanism. The following are proposed:
Proposal 1: Reply to RAN2 LS as:
· RAN1 confirms that RAN2’s understanding is correct, that is, the trs-info in NZP-CSI-RS-ResourceSet will be set to TRUE in TS 38.331 if the CSI-RS is to be configured as a CSI-RS for tracking for fast SCell activation. 
· In addition, in TS 38.331, such a CSI-RS can only be configured on a BWP with firstActiveDownlinkBWP-Id and with four NZP CSI-RS resources in two consecutive slots with two NZP CSI-RS resources in each slot. A CSI-RS for tracking for fast SCell activation cannot be one with two NZP CSI-RS resources in one slot
· A CSI-RS for tracking, including a CSI-RS for tracking for fast SCell activation, consists of CSI-RS resources with the same antenna port with the same QCL information / TCI state ID. 

Appendix
Key agreements:
Agreements:
TRS is selected as temporary RS for Scell activation
·         If more functionalities are confirmed to be supported by temporary RS, other RS candidates, e.g. aperiodic CSI-RS, P/SP-CSI RS, SRS and RS based on SSS/PSS, are not precluded.
·         The TRS should be triggered by DCI or MAC-CE. FFS which exact triggering command.
Agreements:
[bookmark: _Hlk78554317]As working assumption, with respect to efficient SCell activation, reuse existing Rel-15/16 TRS structure for temporary RS
· FFS: how many burst/symbols are required for both AGC settling and Time/Frequency tracking for different cases, e.g. FR1 and FR2, known and unknown SCell
· A burst of temporary RS is notated as in S5.1.6.1.1 of TS 38.214
· “2-slot with four CSI-RSs resources (4 samples)” for FR1
· either “1-slot with two CSI-RSs resources (2 samples)” or “2-slot with four CSI-RSs resources (4 samples)” for FR2
· The working assumption can be confirmed after RAN4 check. (A LS for such request is planned).
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
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
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).
Conclusion
For the purpose of designing temporary RS for Scell activation, RAN1 will not discuss for the case where a gNB may assume the to-be-activated SCell with assistance of temporary RS is a known SCell for a UE but it is actually unknown SCell from the UE side during the SCell activation duration.
Agreement
For to-be-activated SCell, if any BWP ID is configured as part of temporary RS(s) configuration, the value of the BWP ID is expected to be equal to firstActiveDownlinkBWP-Id;
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)
· Triggering offset can be provided, e.g., by reusing existing CSI-RS framework
· QCL information (Opt 2.3.5)
· Triggering QCL information can be provided, e.g., by reusing existing CSI-RS framework
· A unique temporary RS configuration index
· 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
· Provide the functionality to be fulfilled, as well as the status about the understanding on Alt 1 and Alt 2, which could be provided by examples (including respective possible RRC parameters, if agreed, required by Alt 1 and Alt 2) to facilitate RAN2’ understanding.
· Send LS to ask RAN2 to consider the following alternatives and finalize the MAC-CE or RRC signalling design, including parameters.
· RAN1 only needs to focus on RRC parameters examples, if needed.
· List of RAN1 endorsed RRC parameters for this issue will not be sent to RAN2

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
 Agreement
If two temporary RS bursts are configured, both bursts share the same antenna port index, OFDM symbol location and PRB location of CSI-RS resources in a slot or CSI-RS resources in two consecutive slots.
Agreement
The max number of NZP CSI-RS resource set configurations for temporary RS per serving cell is the same as current maxNrofNZP-CSI-RS-ResourceSetsPerConfig.
Agreement
For efficient SCell activation with assistance of temporary RS, a SSB P-TRS of the to-be-activated SCell is to be configured as a QCL source for the temporary RS in case of known SCell same as existing specification.
· Note: a SSB of the to-be-activated SCell is a QCL source for the P-TRS per existing specification
· Note: It is RAN1 understanding that Scell activation latency can be reduced compared to Rel-16 even when P-TRS is configured as QCL source for the temporary RS in case of known SCell
Agreement(for reference during the discussion)
· 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 similar to SCell activation
· 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
Agreement
For both Alt 1 and Alt 2 of temporary RS triggering,
· For Alt 1, the gap between temporary RS bursts is explicitly configured.
· A set of possible gap lengths from which the triggering MAC-CE can indicate one from RAN1 perspective. Up to RAN2 to decide details.
· For Alt 2, a gap length is configured by RRC for each temporary RS having two bursts. For different temporary RS, the value of the gap length can be different based on RRC configuration.
· the number of bursts is up to 2. It can be either explicitly configured, or implicitly indicated by the gap configuration ((Up to RAN2 to decide one)
Agreement
For the RRC and MAC-CE designs of temporary RS triggering (both Alt1 and Alt2), from functionality perspective, the max number of to-be-activated SCells should be 15, irrespective of triggered number of temporary RS bursts per cell.
        Note: UE capability for the max number of to-be-activated SCells with 2-burst temporary RS is not precluded.
RAN2 LS R2-2202056 = R1-2200890
RAN2 discussed MAC CE and RRC signalling for TRS based SCell activation and made the following agreements.
· Use alt1 with one octet used for TRS ID (including gap length if not configured by RRC).

The MAC CR and RRC CR for TRS based SCell activation are attached in this LS.
In RAN2’s understanding, the trs-info in NZP-CSI-RS-ResourceSet will be set to TRUE if the CSI-RS for tracking is the temporary RS for fast SCell activation.
Q1: RAN2 would like to confirm whether RAN2’s understanding is correct and whether there is any limitation in TRS configuration for fast SCell activation in Rel-17 which needs to be captured in RAN2 spec?
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