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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



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


QCL relation of the temporary RS 
The following working assumption was reached in RAN1#105, and despite lengthy discussion in RAN1#106 and #106bis the WA remains unconfirmed and the open issues unresolved.
	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



RAN1#106bis had the following discussion point that there as no time to conclude on:
	Issue-4.1: whether 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” should be confirmed?
· Opt 4.1.1: The P/SP TRS associated with the temporary AP TRS is the QCL source with Type A for the temporary AP TRS in case of known SCell, same as the legacy behavior. The temporary AP TRS and associated P/SP TRS jointly serve as the QCL source for other RS following it, same as the legacy behavior. [2]
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· Opt 4.1.2: A-TRS can be a QCL source for SSB and CSI-RS to assist SSB detection and CSI measurement. Rel-15 QCL type for P-TRS and SSB/CSI-RS can be applied to QCL relation between A-TRS and SSB/CSI-RS. [6]
· Opt 4.1.3: Confirm.  [1][11]



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.
For SCell activation the temporary RS should 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 is supported. After activation, and when the first P-TRS has been reveived, 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. If one wishes, it is possible to model an implicit QCL link from DMRS/CSI-RS to SSB using a P-TRS, and similar implicit links can be drawn with temporary RS, as shown in the figure below.
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	Rel-16 reference
	With Temp-RS

	Figure: Introduction of Temp-Rs to the CL framework. The solid arrows are specified, the dashed ones are implied



In our understanding, it should be possible to introduce a QCL relation from temporary RS to SS/PBCH and that leads to implied QCL relations that don’t require explicit specification.
Proposal 1: 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 2: The QCL relation of the temporary RS for fast SCell application is valid until the first periodic CSI-RS for tracking has been transmitted, after which the temporary RS QCL relation is of no relevance.
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 3: 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 4: 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 5: 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. 
Observation: 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 6: 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. 
To enable UE feedback on which SCells it plans to activate two possible methods can be employed:
· When an SCell is inactive, the cells are not considered in the HARQ codebook generation. To enable this early feedback from the UE, the HARQ for the MAC-CE activation of more than one SCell should be allowed to include inactive SCells. For the HARQ of the MAC-CE activation of more than one SCell, a UE employs HARQ codebook including all the to be activated SCells. A HARQ-ACK for a to be activated SCell will be interpreted by the serving cells as the UE can activate the to be activated SCell. A HARQ-NACK for a to be activated SCell shall be interpreted as the UE cant or wont activate the Scell.
· Enable UE to report CQI for all the to be activated SCells upon reception of the MAC-CE command. The UE could report CQI=0 (or no CQI) for to-be activated SCells which it cant or will not activate. For to-be activated SCells which it plans to activate the UE could report CQI=1 (or CQI=0).
Proposal 7: Downselect and option for early UE feedback on which SCells the UE plans to activate: 
1) feedback is early L1 HARQ-ACK codebook based or 
2) early CQI reporting.

Conclusion
In this contribution, the following proposals and observations are made:
On QCL relation:
Proposal 1: 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 2: The QCL relation of the temporary RS for fast SCell application is valid until the first periodic CSI-RS for tracking has been transmitted, after which the temporary RS QCL relation is of no relevance.
Proposal 3: 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.

On CSI reporting for an SCell being activated
Proposal 4: 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 5: The UE should consider the MAC-CE activation of an SCell as a trigger for a preconfigured SP-CSI reporting for that cell.
On handling of known/unknown cells
Observation: 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 6: 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. 
Proposal 7: Downselect and option for early UE feedback on which SCells the UE plans to activate: 
1) feedback is early L1 HARQ-ACK codebook based or 
2) early CQI reporting.
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