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1	Introduction
RAN2 has agreed to introduce a new NR RRC TCI-Info IE for updating activated TCI states for PDCCH/PDSCH reception while the SCG is deactivated. In addition to the deactivated SCG use case, the new IE can also be used to provide the active TCI state during direct SCell activation. There has however so far been no discussion on the content of the TCI-Info IE. The current IE includes new RRC fields to provide active TCI states for PDCCH and PDSCH separately. Since there was no discussion yet on the content, there is an editors note that this is a starting point for discussion. In this contribution we provide an alternative approach for providing the active TCI states by encapsulating a MAC PDU with already defined MAC CEs for the same purpose. In this way we avoid duplication of functionality across RRC and MAC.
[bookmark: _Ref178064866]2	Discussion
At RAN2#116bis, we agreed:
	5	tci-Info, which can provide activated TCI states for PDCCH/PDSCH reception at SCG activation (i.e. transition from deactivated SCG to activated SCG), can be included at any RRC reconfiguration while the SCG is deactivated and, if SCG remains deactivated and the UE performs BFD and/or RLM based on activated TCI states for PDCCH reception, the UE uses the newly activated TCI states for PDCCH reception.



In the current TS 38.331 v17.0.0 [1], new RRC fields have been introduced within the TCI-Info IE to activate and deactivate the configured TCI states for PDSCH and/or PDCCH of the deactivated PSCell. In NR, TCI state information is controlled via MAC CEs defined in TS 38.321, so adding new RRC IEs would be a duplication of the functionality. It is worth noting that the TCI state framework is constantly evolving, with frequent changes proposed by RAN1 every release and definition of new MAC CEs, e.g., simultaneous TCI state updates in Rel-16 and the upcoming unified TCI state framework and support for inter-cell mTRP in Rel-17. A drawback with replicating this information as separate fields in the RRC specification as currently captured in [1], is that these fields will constantly need to be updated whenever there is an update of the TCI state control framework in MAC specification. In general, such duplication of control across specifications should be avoided. The current solution in [1] is the following:
[bookmark: _Toc100930325]–	TCI-Info
The IE TCI-Info is used to refer to configured TCI states for PDSCH and/or PDCCH of the PSCell.
TCI-Info information element
-- ASN1START
-- TAG-TCI-INFO-START

TCI-Info ::=        SEQUENCE {
    pdcch-TCI-r17       SEQUENCE (SIZE (1..5)) OF TCI-StateId,
    pdsch-TCI-r17       BIT STRING (SIZE (1..maxNrofTCI-States))
}

-- Editor's note: This IE is currently a starting point for discussion, details are FFS.

-- TAG-TCI-INFO-STOP
-- ASN1STOP

	TCI-Info field descriptions

	pdcch-TCI
Indicates the TCI state for PDCCH for each configured CORESET of the DL BWP to be activated at SCell activation, to be activated for the PSCell at SCG activation and/or to be used for BFD, RLM and measurements while the SCG is deactivated. The list includes exactly as many entries as CORESETs configured in this BWP, ordered by increasing values of ControlResourceSet-Id, i.e. the first entry indicates the TCI state for the configured CORESET with the lowest ControlResourceset-Id value, the second value indicates the TCI states for the configured CORESET with the second lowest ControlResourceset-Id value, and so on.

	pdsch-TCI
Indicates TCI states for PDSCH reception at SCell addition/activation or of the PSCell at SCG activation. This field includes exactly one bit for each configured TCI state in this BWP ordered by increasing values of TCI-StateId, i.e. the first bit indicates the activation state of the TCI state with the lowest TCI-StateId value, the second value indicates the activation status of the TCI state with the second lowest TCI-State-Id value, and so on. A bit set to 0 indicates that the corresponding TCI state is deactivated, a bit set to 1 indicates that the TCI state is activated.



One problem with this approach is that it relies on a specific signalling for the TCI state as defined in Release-15. However, the TCI state framework, and beam management in general, has been the subject of various enhancements in Rel-16, Rel-17, such as TCI states for intra-cell multi-TRP, TCI states for inter-cell multi-TRP, unified TCI sate framework, multi-panel beam management; and further enhancements are planned for Rel-18 for inter-cell multi-TRP and L1/L2 centric mobility. At some point, RAN2 might revisit every single of these enhancements and possibly discuss new signalling to replace or complement the one proposed above. For all these frameworks, RAN2 and RAN1 have already defined an existing signalling and testing setups for the UE to either process a MAC CE and/or DCI associated to these features.
Another problem is that it requires additional effort in network implementation. For TCI state signalling, it is usually the gNodeB-DU (gNB-DU) which defines the MAC CE including which TCI states are to be activated/ deactivated for the SpCell and SCells, for a given MAC entity. However, if the TCI info is configured as an RRC IE, the DU would have to implement yet another way to define the signalling for TCI states. 
[bookmark: _Toc101809970]TCI state framework is enhanced in every release by RAN1, and the risk to define a signalling in RRC for the SCG deactivated is that it may require new IEs for every enhancement in the TCI state framework area.
[bookmark: _Toc101809971]The existing signalling in RRC specifications repeats the signalling already defined for MAC CE and DCI, which is unnecessary specification work. 

A much simpler alternative, following existing principles and avoiding the duplication across specifications is to define TCI-Info as OCTET STRING, containing a MAC PDU carrying MAC CEs for TCI state control, as follows:
–	TCI-Info
The IE TCI-info is used to transfer a MAC PDU from the network to the UE containing MAC CEs defined in TS 38.321 to activate (and deactivate) the configured TCI states for PDSCH and/or PDCCH of the PSCell. The RRC layer is transparent for this information.
TCI-Info information element
-- ASN1START
-- TAG-TCI-INFO -START

TCI-Info ::=        SEQUENCE {
	mac-PduContainer      OCTET STRING
}

-- Editor's note: This IE is currently a starting point for discussion, details are FFS.

-- TAG-TCI-INFO-STOP
-- ASN1STOP

By defining the container to contain the MAC PDU, there is no need to define the contents of each MAC CE one by one in the RRC specification. In fact, by using OCTET STRING, the handling becomes transparent to the RRC specification, same as e.g. for the NAS container. As a matter of fact, what currently captured as starting point for discussion in [1] would be equivalent to redefine a NAS message in RRC, which does not make sense. Using a MAC container is also likely to simplify UE and network implementations, as the handling of the MAC CEs can be reused, and there is no need to decode and process new RRC IEs. And, it is also more future proof, in case one wants to allow further MAC CEs with enhanced version of the TCI state or even CSI framework for deactivated SCG. 
[bookmark: _Toc101810397]TCI-Info is defined as OCTET STRING, containing a MAC PDU carrying MAC CEs for TCI state control.
During the email discussion [Post115-e][212][R17 DCCA] the rapporteur commented that the handling of such a MAC container would require additional testing. However, any new RRC IE replicating information of MAC CEs would also need to be tested, while the testing for processing existing MAC CEs is already known, the only difference here is how they are received by the UE (via RRC container). 
The rapporteur also commented that testing would be complicated because one would need to check MAC CEs one by one. To overcome this RAN2 can limit what MAC CEs may be included in the RRC container in a given version of the specifications. This follows a similar principle RAN2 has followed for SCG configurations. The parameter nr-SCG is defined as OCTET STRING (CONTAINING RRCReconfiguration), but RRC specification clarifies that “In this version of the specification, the RRC message can only include fields secondaryCellGroup, otherConfig, conditionalReconfiguration and measConfig.”.
[bookmark: _Toc101810398]Limit which MAC CEs can be included in the RRC container (e.g. for TCI state activation/deactivation of PDCCH/PDSCH).
As starting point, the container should be limited to at least the following MAC CEs defined in TS 38.321 for TCI state control: 
-	Indication of TCI state for UE-specific PDCCH
-	Activation/Deactivation of UE-specific PDSCH TCI state
A text proposal illustrating this approach is added in Annex A1, section 6.3.2, -TCI-info.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	TCI state framework is enhanced in every release by RAN1, and the risk to define a signalling in RRC for the SCG deactivated is that it may require new IEs for every enhancement in the TCI state framework area.
Observation 2	The existing signalling in RRC specifications repeats the signalling already defined for MAC CE and DCI, which is unnecessary specification work.
Based on the discussion we propose the following:
Proposal 1	TCI-Info is defined as OCTET STRING, containing a MAC PDU carrying MAC CEs for TCI state control.
Proposal 2	Limit which MAC CEs can be included in the RRC container (e.g. for TCI state activation/deactivation of PDCCH/PDSCH).

4	References
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Annex A1		Text Proposal for TS 38.331
The text proposal in this section is written against TS 38.331 v.17.0.0 [1].
START OF CHANGES
6.3.2	Radio resource control information elements
[…]
–	TCI-Info
The IE TCI-Info is used to transfer a MAC PDU from the network to the UE containing MAC CEs defined in TS 38.321 to activate (and deactivate) the configured TCI states for PDSCH and/or PDCCH of the PSCell. The RRC layer is transparent for this information. refer to configured TCI states for PDSCH and/or PDCCH of the PSCell.
TCI-Info information element
-- ASN1START
-- TAG-TCI-INFO-START

TCI-Info ::=        SEQUENCE {
    mac-PduContainer      OCTET STRING pdcch-TCI-r17       SEQUENCE (SIZE (1..5)) OF TCI-StateId,
    pdsch-TCI-r17       BIT STRING (SIZE (1..maxNrofTCI-States))
}

-- Editor's note: This IE is currently a starting point for discussion, details are FFS.

-- TAG-TCI-INFO-STOP
-- ASN1STOP

	TCI-Info field descriptions

	mac-PduContainer
Includes a MAC PDU for controlling the TCI state for PDSCH and/or PDCCH of the PSCell. The MAC PDU may only contain the following MAC CEs defined in TS 38.321 for TCI state control: 
· Indication of TCI state for UE-specific PDCCH
· Activation/Deactivation of UE-specific PDSCH TCI state 
· …
pdcch-TCI
Indicates the TCI state for PDCCH for each configured CORESET of the DL BWP to be activated at SCell activation, to be activated for the PSCell at SCG activation and/or to be used for BFD, RLM and measurements while the SCG is deactivated. The list includes exactly as many entries as CORESETs configured in this BWP, ordered by increasing values of ControlResourceSet-Id, i.e. the first entry indicates the TCI state for the configured CORESET with the lowest ControlResourceset-Id value, the second value indicates the TCI states for the configured CORESET with the second lowest ControlResourceset-Id value, and so on.

	pdsch-TCI
Indicates TCI states for PDSCH reception at SCell addition/activation or of the PSCell at SCG activation. This field includes exactly one bit for each configured TCI state in this BWP ordered by increasing values of TCI-StateId, i.e. the first bit indicates the activation state of the TCI state with the lowest TCI-StateId value, the second value indicates the activation status of the TCI state with the second lowest TCI-State-Id value, and so on. A bit set to 0 indicates that the corresponding TCI state is deactivated, a bit set to 1 indicates that the TCI state is activated.



END OF CHANGES
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