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1. Introduction

At RAN4#90bis meeting, a WF on TCI State Switching Requirements was approved in [1]. This contribution will continue to discuss the remaining issues.
2. Discussion
2.1. Known TCI state

The known TCI state is agreed to defined as below [1],

	Agreements
· Definition of known TCI state for UE supporting Power Class 1 

· L1-RSRP or L3-RSRP report made in [x] ms 

· The TCI state is detectable during the TCI state switching period for both known and unknown TCI state switching requirement


In order to guarantee the selected RX beam is still valid between the L1-RSRP/ L3-RSRP measurement reported and the target TCI is applied, we suggest X is up to [80]ms.
Proposal 1: The TCI state is known if the UE reports L1-RSRP/L3-RSRP in last [80]ms for the target TCI state.
2.2. MAC CE based TCI state switch delay
It is agreed in [1],

	Agreements
· Definition of switching delay: From the slot with PDSCH carrying the activation command to the slot when PDCCH can be received based on new TCI state

· For UE supporting Power Class 1

· Requirements are defined for known and unkown TCI state

· The switching delay for unknown case may include time for L1-RSRP measurement

· Requirement for switching delay for known case: THARQ + 3ms


Regarding unknown TCI state, UE doesn’t report L1-RSRP/L3-RSRP in last [80ms] for the target TCI state when the activation command is received. Then UE shall perform L1-RSRP measurement of the RS in the TCI state to find out the best RX beam. Two cases shall be considered:
Case 1: the RS in the target TCI is CSI-RS resource set with repetition.
UE directly performs beam management on the RS in the target TCI.

Case 2: the RS in the TCI state is not a kind of RS for beam management, e.g., TRS.
In this case, the RS in the TCI state shall has QCL-TypeD with 
-
SSB for L1-RSRP measurement, or 

-
another CSI-RS in resource set configured with repetition ON.

For both cases, the MAC CE based TCI state switch delay for unknown case is THARQ + TL1-RSRP+3ms. TL1-RSRP is the time for L1-RSRP measurement and reporting as specified in clause 9.5 in TS38.133.
Proposal 2: MAC CE based TCI state switch delay for unknown case is THARQ + TL1-RSRP+3ms. The requirements apply if the RS in the target TCI is CSI-RS resource set with repetition or the RS in the target TCI state has QCL-TypeD with 

-
SSB for L1-RSRP measurement, or 

-
another CSI-RS in resource set configured with repetition ON.
Where TL1-RSRP is the time for L1-RSRP measurement and reporting as specified in clause 9.5 in TS38.133.
2.3. RRC based TCI state switch delay

It is agreed in [1],

	Agreements: 
· If RRC based TCI state switching delay requirements are defined

· Option 1: Yes (DoCoMo)


It shall be clarified that there is only one TCI state in the RRC signalling. The definition of the RRC based TCI state switching delay is when UE receives a RRC message implying TCI state switching to UE receive the first symbol of PDCCH based on the target TCI.
Proposal 3: The definition of the RRC based TCI state switching delay is from the slot with PDSCH carrying the RRC message implying TCI state switching to UE receive the first symbol of PDCCH based on the target TCI.
 In our understanding, there are two cases, known TCI and unknown TCI switching. 
· Known TCI state

UE reported L1-RSRP/L3-RSRP in last [80ms] for the target TCI state before the RRC signal for TCI state switch is received. In this case, UE has information of the RX beam, then UE can apply the target TCI within [3]ms where the processing time for applying the TCI can refer to MAC CE cases. Thus the total delay for known TCI is maximum RRC procedure delay defined in TS 38.331 plus [3]ms.
Proposal 4: RRC based TCI state switch delay for known case is maximum RRC procedure delay defined in TS 38.331 plus [3]ms.
· Unknown TCI state

Additional L1-RSRP reporting procedure shall be considered in the unknown TCI state case. Similar the RS in the TCI state shall be RS for beam management or has QCL-TypeD relationship with other RS. The total delay for known TCI is maximum RRC procedure delay +TL1-RSRP+3ms. TL1-RSRP is the time for L1-RSRP measurement and reporting as specified in clause 9.5 in TS38.133.
Proposal 5: RRC based TCI state switch delay for unknown case is maximum RRC procedure delay + TL1-RSRP+3ms. The requirements apply if the RS in the target TCI is in a CSI-RS resource set with repetition or the RS in the target TCI state has QCL-TypeD with 

-
SSB for L1-RSRP measurement, or 

-
another CSI-RS in a resource set configured with repetition ON.
Where TL1-RSRP is the time for L1-RSRP measurement and reporting as specified in clause 9.5 in TS38.133.
2.4.  MAC CE based active TCI state list update delay
It is agreed in [1],

	Background

· Necessity to define delay requirement for MAC CE based active TCI state list update with new TCI state and PDSCH to receive on the newly activated TCI state via DCI based switch

· Assumption that UE has measured and reported L1-RSRP on new TCI state

Agreement:

· Requirement for MAC CE based active TCI state list update will be introduced


The typical case of the TCI state list update is that UE has measured and reported L1-RSRP of the candidate TCI state. Then network had information of the new TCI and decided to update the active TCI list in MAC CE. Thus only known TCI case shall be considered. 
As agreed in WF [1] the MAC CE based active TCI state list update delay considers the PDSCH to receive on the newly activated TCI. Network updated the active TCI state list by sending the TCI States Activation/Deactivation for UE-specific MAC CE. Thus the MAC CE triggered active TCI state list update is the time for HARQ and 3ms. Then the newly activated TCI is indicated by DCI, the total delay is THARQ +3ms+Tuncertainty+ timeDurationForQCL where Tuncertainty is the time for reception of the DL DCI indicating the newly activated TCI state in MAC CE.
Proposal 6: MAC CE based active TCI state list update delay (the newly activated TCI is indicated by DCI for PDSCH reception) for known case is THARQ +3ms+Tuncertainty+ timeDurationForQCL.
Proposal 7: No requirements for unknown TCI state for MAC CE based active TCI state list update.

3. Conclusions

This contribution provides the discussion on the TCI state switching. The proposals are provided as below,
Proposal 1: The TCI state is known if the UE reports L1-RSRP/L3-RSRP in last [80]ms for the target TCI state.
Proposal 2: MAC CE based TCI state switch delay for unknown case is THARQ + TL1-RSRP+3ms. The requirements apply if the RS in the target TCI is CSI-RS resource set with repetition or the RS in the target TCI state has QCL-TypeD with 

-
SSB for L1-RSRP measurement, or 

-
another CSI-RS in resource set configured with repetition ON.
Where TL1-RSRP is the time for L1-RSRP measurement and reporting as specified in clause 9.5 in TS38.133.
Proposal 3: The definition of the RRC based TCI state switching delay is from the slot with PDSCH carrying the RRC message implying TCI state switching to UE receive the first symbol of PDCCH based on the target TCI.
Proposal 4: RRC based TCI state switch delay for known case is maximum RRC procedure delay defined in TS 38.331 plus [3]ms.
Proposal 5: RRC based TCI state switch delay for unknown case is maximum RRC procedure delay + TL1-RSRP+3ms. The requirements apply if the RS in the target TCI is in a CSI-RS resource set with repetition or the RS in the target TCI state has QCL-TypeD with 

-
SSB for L1-RSRP measurement, or 

-
another CSI-RS in a resource set configured with repetition ON.
Where TL1-RSRP is the time for L1-RSRP measurement and reporting as specified in clause 9.5 in TS38.133.
Proposal 6: MAC CE based active TCI state list update delay (the newly activated TCI is indicated by DCI for PDSCH reception) for known case is THARQ +3ms+Tuncertainty+ timeDurationForQCL.

Proposal 7: No requirements for unknown TCI state for MAC CE based active TCI state list update.
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