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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



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

MAC-CE contents
For the case of MAC-CE based SCell Activation and TRS tirggering please consider the following figure.



Figure 1: SCell activation procedure

While RAN2 should decide on the construction of the MAC-CE(s), RAN1 should determine the information that the MAC layer should deliver for the SCell activation purposes as well as determining the L1 related RRC configuration needs associated with the information provided via the MAC-CE(s). All this is critical information for RAN2 to be able to proceed with their part of the design.
The RAN1#105 agreements establishes the following:
· The MAC-CE indicates (explicitly or implicitly) in which SCells the gNB will transmit the temporary RS
· The UE can be configured with [a set of different] number of temporary RS bursts
· the MAC-CE selects one of the RRC configured values
· The UE can be configured with [a set of different] time offsets for the time-location of the temporary RS relative to the last DL slot of the to-be-activated Scell overlapping with slot n+k as defined in 38.213 sub-clause 4.3
· the MAC-CE selects one of the RRC configured values

In addition to the SCell activation information and the temporary RS timing, at least the following information could be considered to be introduced to the MAC-CE:
· Selection of one temporary RS configuration out of many: RRC could provide several alternative temporary RS configurations of which the MAC-CE selects one, similar to the direction taken with the timing information
· Frequency location of the temporary RS (either separately, or as part of the temporary RS configuration selection)
· The QCL relation of the temporary RS and the SSB: the MAC-CE could indicate the SSB beam used to transmit the temporary RS

Temporary RS configuration with MAC-CE indication
The MAC-CE could be used to indicate the temporary RS configuration, including the frequency location of the temporary RS, or the UE could be provided with a one semi-static configuration for the RS. Further, it would be possible to use the configuration provided for the CSI-RS for tracking for this purpose and not have a dedicated temporary RS configuration. However, this may be unnecessarily restrictive.
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. The UE could be configured with a set of temporary RS configurations using the CSI-RS-ResourceMapping IE
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,
...
}
Proposal 1: The UE is configured with a set of temporary RS configurations (using the CSI-RS Resource configuration structure), MAC-CE selects one of the configurations to be used in the temporary RS burst.
Proposal 2: If two temporary RS bursts are transmitted, both bursts employ the same temporary RS configuration

QCL relation of the temporary RS
	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
· 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

· QCL Type: Opt 4.2.1: ‘typeC’ with an SS/PBCH block and, when applicable, ‘typeD’ with the same SS/PBCH block. 

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 use to resolve the unknown cell problem if there is one know (active) cell on the band.

After activation, there is no need for the TRS to be used as a source for any RS or Channels. The initial link between the TRS and the SSB beam as in the WA suffices. 
Proposal 3: The UE is provided with a QCL source for the temporary RS in the MAC-CE

CSI Reporting based on Temporary RS
Current framework under discussion for fast Scell activation enables the aperiodic transmission of temp RS signal. The 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 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.
Without this early UE feedback a serving cell may not be aware of the factors impacting the fast Scell activation of its UEs. To reduce the latency associated with a UE being able to fully exploit a Scells capacity, faster CSI-RS resource provisioning and reporting would be required. Aperiodic, periodic and semi persistent CSI-RS triggering and reporting  should be further studied to understand the impacts on the MAC fast Scell Activation CE.
Proposal 5: Study the need for CSI-RS triggering and reporting and its impacts to the MAC-CE design.
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, and thus the gNB won’t know when the CSI reporting will resume, and whether a particular UE benefits from the temporary RS transmission or not.

The current determination defined in TS38.133 of when a particular SCell is unknown is unnecessarily restrictive as the UE could still maintain an Scell in “known” status even if the current RAN4 definition declares the cell as uknown. Hence at least for the purpose of SCell activation, the UE should be allowed to  considered a cell as known even if the specific criteria as defined by RAN4 would qualify the cell as unknown.

Proposal 6: Request RAN4 to revisit the known/unknown cell definition, or introduce a more broad definition for known cells for the purpose of SCell activation, allowing the UE to still consider a cell known/unknown for SCell activation purposes.


As the gNB is likely to activate several cells at the same time as one can envision that the status of all the SCells may not be the same from a UE point of view. The gNBs ability to start scheduling as fast as possible would benefit from knowing if a particular SCell being activated is “known”. Wrong assumptions on which SCells are going to be finally activated/used first to schedule data could end up being counter productive from a performance point of view, specially when we are targeting fast activation. Hence enabling a reliable method with which the gNB is able to reduce SCell activation time should be further considered. In the agreements of RAN1#105 it was stated that temporary RS may not be required for fast Scell activation (see below). A gNB cannot make this decision reliably without UE feedback and without this it would have to assume worst case scenarios which would mean additional overheads and higher jitter in SCell activation times.

	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



Proposal 7: The UE provides the gNB information of which configured SCells or SCells being activated are able to benefit from fast activation and/or the need for temporary RS



Conclusion
This contribution makes the following proposals:
Proposal 1: The UE is configured with a set of temporary RS configurations (using the CSI-RS Resource configuration structure), MAC-CE selects one of the configurations to be used in the temporary RS burst.
Proposal 2: If two temporary RS bursts are transmitted, both bursts employ the same temporary RS configuration
Proposal 3: The UE is provided with a QCL source for the temporary RS in the MAC-CE
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: Study the need for CSI-RS triggering and reporting and its impacts to the MAC-CE design.
Proposal 6: Request RAN4 to revisit the known/unknown cell definition, or introduce a more broad definition for known cells for the purpose of SCell activation, allowing the UE to still consider a cell known/unknown for SCell activation purposes..
Proposal 7: The UE provides the gNB information of which configured SCells or SCells being activated are able to benefit from fast activation and/or the need for temporary RS
References
[1] RP-201040, “Revised WID on Further Multi-RAT Dual-Connectivity enhancements”, Huawei
[2] R1-2106148,	 “Summary#2 of efficient SCell activation/de-activation mechanism of NR CA”, Moderator (Huawei)
[3] R4-2105799/R1-2104170, “Reply LS on temporary RS for efficient SCell activation in NR CA”, RAN4
[4] R4-2106427/R1-2108364, “Reply LS on temporary RS for efficient SCell activation in NR CA”, RAN4

image1.emf
Pcell -Active / Scell to be activated

UE

[4] 2

nd

 A-TRS 

time/frequency 

sync

[1] MAC-CE for Activation 

and A-TRS triggering

[3] 1

st

 A-TRS  

for AGC

[2] HARQ 

ACK

[5] CSI Report


Microsoft_Visio_Drawing.vsdx
Pcell -Active / Scell to be activated
UE
[4] 2nd A-TRS 
time/frequency 
sync
[1] MAC-CE for Activation 
and A-TRS triggering
[3] 1st A-TRS  
for AGC
[2] HARQ 
ACK
[5] CSI Report



