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1	Introduction
RAN4 has sent the LS R1-2100013/R2-2100058 (R4-2017329) to RAN1 and RAN2, indicating the TCI state activation is required as part of the SCell activation procedure in NR. In this contribution, we discuss how this potentially impacts RAN2.
2	TCI state activation for serving cells
2.1	TCI state usage in Rel-15 
TCI states are used for indicating quasi-colocation assumptions (e.g. beams in FR2) between (reference) signals transmitted by network. Notably, TCI states of PDCCH and PDSCH can be separately defined. The gist of TCI states is to tell UE that it can use the same "assumptions" used for receiving "signal A" also for the reception of "signal B". Note that the "assumptions" is in parenthesis as what the "assumptions" means varies depending on the used QCL type, and "signal" can also be a channel or a reference signal - see below for an excerpt from R1-1720742 (which, while being an old reference to a contribution and not specification text, is still mostly valid to be used for illustrative purposes) for an illustrative example of the hierarchy of TCI states. 
[image: ]
Figure 1. Illustration of allowed TCI states (adapted from R1-1720742)
As the figure 1 shows, by default the TCI state of PDCCH (DMRS) and PDSCH (DMRS) defaults to the SSB, as is also evidenced by the following excerpt from TS38.214, subclause 5.1.5:
[bookmark: _Hlk500953403]The UE receives an activation command, as described in clause 6.1.3.14 of [10, TS 38.321], used to map up to 8 TCI states to the codepoints of the DCI field 'Transmission Configuration Indication'. When the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the activation command, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from the first slot that is after slot where  is the SCS configuration for the PUCCH. If tci-PresentInDCI is set to "enabled" for the CORESET scheduling the PDSCH, and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than timeDurationForQCL if applicable, after a UE receives an initial higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to 'QCL-TypeA', and when applicable, also with respect to'QCL-TypeD'. 
For PDCCH monitoring, the following excerpt from TS38.213, subclause 10.1 also illustrates the same aspect but for PDCCH:
For a CORESET other than a CORESET with index 0, if a UE is provided a single TCI state for a CORESET, or if the UE receives a MAC CE activation command for one of the provided TCI states for a CORESET, the UE assumes that the DM-RS antenna port associated with PDCCH receptions in the CORESET is quasi co-located with the one or more DL RS configured by the TCI state.
Hence, if network only configure one TCI state (in tci-StatesPDCCH-ToAddList) for the used CORESET, that is then the activated TCI state for the serving cell and that can be used for scheduling the also PDSCH e.g. using that TCI state (assuming no TCI field in DCI and scheduling offset >= timeDurationForQCL). Additionally, the following is also stated in TS38.214 subclause 5.1.5 for PDSCH (DMRS) TCI state:
If the PDSCH is scheduled by a DCI format not having the TCI field present, and the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable, where the threshold is based on reported UE capability [13, TS 38.306], for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission within the active BWP of the serving cell.
And if scheduling offset is less than timeDurationForQCL, then UE assumes that the “default PDSCH beam” (i.e. TCI state) is equal to the PDCCH TCI state as per below:
Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
-	the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
Observation 1: Before TCI state activation, UE assumes that the TCI state of PDSCH is towards SSB at least for the PCell.
Observation 2: If a single TCI state is configured for PDCCH, UE always uses that as the activated TCI state for a(ny) serving cell. Hence, TCI state activation is not always needed for SCell.
However, in RAN4 specifications the "chaining" effect of TCI states has been captured as per the following in TS38.133, subclause 3.6.7:
	3.6.7	Applicability of QCL
For the requirements specified in this version of the specification, a reference signal is considered to be QCLed to another reference signal if it is in the same TCI chain as the other reference signal, provided that the number of Reference Signals in the chain is no more than 4. It is assumed there is single QCL type per TCI chain.
A TCI chain consists of an SSB, and one or more CSI-RS resources, and the TCI state of each Reference Signal includes another Reference Signal in the same TCI chain. 
DMRS of PDCCH or PDSCH is QCLed with the reference signal in its active TCI state and any other reference signal that is QCLed, based on above criteria, with the reference signal in the active TCI state.



Hence, from RAN4 viewpoint, the chained TCI states still always refer to an SSB, which should be the case also for any and all SCells.
Observation 3: RAN4 specifications define that a TCI chain always contains an SSB and one or more CSI-RS resources. 
For Rel-15, Scells are always configured in deactivated state, so the TCI states can be configured before activation, and the TCI state activation can even be done at the same time as the SCell is activated (by sending the TCI state activation MAC CE at the same time as the SCell activation MAC CE). This is also what the RAN4 specifications consider as per the following excerpt from TS38.133, subclause 8.3.2:
	If the target SCell is known to UE and semi-persistent CSI-RS is used for CSI reporting, then Tactivation_time is:
-	3ms + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP), where Tuncertainty_MAC=0 and Tuncertainty_SP=0 if UE receives the SCell activation command, semi-persistent CSI-RS activation command and TCI state activation command at the same time.
If the target SCell is known to UE and periodic CSI-RS is used for CSI reporting, then Tactivation_time is:
-	max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ), where Tuncertainty_MAC=0 if UE receives the SCell activation command and TCI state activation commands at the same time.

TFineTiming is the time period between UE finish processing the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and the timing of first complete available SSB corresponding to the TCI state. 
Tuncertainty_MAC is the time period between reception of the last activation command for PDCCH TCI, PDSCH TCI (when applicable) relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case.
Tuncertainty_SP is the time period between reception of the activation command for semi-persistent CSI-RS resource set for CQI reporting relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case.
Tuncertainty_RRC is the time period between reception of the RRC configuration message for TCI of periodic CSI-RS for CQI reporting (when applicable) relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case.



Hence, the problem cited by RAN4 seems to be coming from assumptions made in RAN4 already for Rel-15.
Observation 4: RAN4 has assumed already in Rel-15 that SCell activation always requires TCI state activation.
However, considering the RAN1 specifications, it seems possible that RAN4 understanding may be not correct when reading the RAN1 specifications, but since the "determined in the initial access procedure" is somewhat ambiguous for SCells, further RAN1 input seems needed. Also, the single TCI state configuration seems to be not considered by RAN4, which could be indicated to them. However, since these are coming from RAN1 specifications, it is assumed that RAN1 will indicate these facts to RAN4. 
2.2	TCI state in direct SCell activation
In Rel-16 direct Scell activation, UE is configured with (one or more) SCell(s) in activated state. RAN4 has been discussing the timing requirements for this (i.e. how long it takes for the SCell to be considered activated), which is where the question originated. As discussed in previous section, this issue seems to be tied to the Rel-15 discussion and RAN1 specifications, with the impact to RAN2 specifications being less clear. The difference to Rel-15 is that there is no MAC CE needed in direct Scell activation, which seems to have led RAN4 to think that the RRC configuration is not sufficient. 
However, from RAN2 viewpoint, it seems there is not much to do yet. If RAN1 clarifies that TCI state activation is needed, then perhaps a NOTE in the RRC configuration (or in MAC) could be added to explain the matter, but in case RAN1 replies that the TCI state activation is not needed (as is our interpretation based on above discussion), nothing may be needed in RAN2 specifications. Therefore, it seems reasonable for RAN2 to wait for RAN1 input before progressing on this matter.
Proposal 1: RAN2 to wait for RAN1 input on whether the RAN4 assumption on TCI state activation for SCells is correct before doing any specification actions.
3	Conclusion
This document has made the following observations:
Observation 1: Before TCI state activation, UE assumes that the TCI state of PDSCH is towards SSB at least for the PCell.
Observation 2: If a single TCI state is configured for PDCCH, UE always uses that as the activated TCI state for a(ny) serving cell. Hence, TCI state activation is not always needed for SCell.
Observation 3: RAN4 specifications define that a TCI chain always contains an SSB and one or more CSI-RS resources. 
Observation 4: RAN4 has assumed already in Rel-15 that SCell activation always requires TCI state activation.
And proposed the following:
Proposal 1: RAN2 to wait for RAN1 input on whether the RAN4 assumption on TCI state activation for SCells is correct before doing any specification actions.
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