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1. Introduction
In the previous RAN4 meetings, requirements for active TCI state switching have been discussed, but these requirements are still under discussion. In this contribution, we provide our views on active TCI state switching requirements.
2. Discussion
Remaining case of TCI state switching to be considered
At RAN4#90, it was agreed that at least following two cases are considered when RRM requirements on active TCI state switching are specified.
	Agreements in RAN4 #90:
Agreement: cases of TCI state switching to be considered for RRM requirements
· Active TCI state switching for PDSCH based on DCI 
· Active TCI state switching for PDCCH based on MAC CE



In addition to above two cases, whether RRC based active TCI state switching should be specified or not was discussed at the last meeting, but RAN4 did not reach consensus. Based on RAN1 agreements, if only one TCI state is configured via RRC, active TCI state switching would occur based on RRC reconfiguration. Hence, RAN4 should specify RRM requirements in case of TCI state switching based on RRC.
Proposal 1:RAN4 should specify RRM requirements for RRC based TCI state switching.

Definition of known and unknown TCI state
Definition of known and unknown TCI state was discussed at the last RAN4 meeting. Some companies proposed that TCI state is known if NW previously received beam reporting based on the RS resources indicated by the TCI states within the last X ms. On the other hands, other companies proposed that TCI state is known if the target TCI state is included in TCI states already activated by MAC CE. From requirements point of view, difference between known and unknown TCI states would be necessity of additional delay for Rx beam sweeping and time/frequency refinement. In this sense, both of whether the target TCI state is activated and whether beam reporting is performed could be considered as conditions for known TCI state definition. In other words, if the target TCI state is contained in activated TCI states or UE previously performs L1-RSRP measurement on the RS resource indicated by the target TCI state, that target TCI state should be considered as known. Otherwise, the target TCI state could be considered as unknown. Based on above discussion, known TCI state condition should be as following:
· The target TCI state is contained in TCI states already activated by MAC CE, or
· L1-RSRP measurement is performed on the RS resources indicated by the target TCI states within the last X ms.
In case where one of the above conditions is met, UE could acquire Rx beam information and perform time/frequency refinement through monitoring activated TCI state or L1-RSRP measurement.
In addition, RAN4 should discuss whether other measurement procedures could be considered for known TCI state condition including measurement for CSI-RS with repetition “on”, RLM, and TRS. In our view, UE could acquire sufficient information to identify appropriate Rx beam through other measurement procedures, and hence, TCI states indicating RS resources configured for repetition, RLM, and TRS could be defined as known TCI state conditions. Therefore, conditions for known TCI state other than existence of L1-RSRP reporting should be discussed. Regarding value of X, RAN4 needs to discuss further. Based on the requirements of L1-RSRP reporting, UE can utilize at most 24 samples, e.g. M = 3 and N = 8, for L1-RSRP computation for reporting. Therefore, UE would need to hold measurement results for each reporting at least 24 × SMTC period ms to calculate a reported L1-RSRP value. In this sense, there would be no strong reason to specify shorter period as known TCI state condition. However, 3840 ms, i.e. 24 × 160 ms, would be long, and whether to perform L1 averaging with multiple samples is up to UE implementation. Thus, 8 samples, e.g. M = 1 and N = 8, would be reasonable to derive side condition for known TCI state. Hence, we propose to define known TCI state condition based on X = [1280] ms, i.e. 8 × 160 ms.
Proposal 2: Condition for known and unknown TCI states should be defined as following.
· For DCI based switching:
· The target TCI state should be considered as known if following condition can be met.
· The target TCI state is in the TCI states already activated by MAC CE, or
· L1-RSRP reporting is performed on RS resources indicated by the target TCI state within the last [1280] ms.
· RAN4 should discuss if RS resources configured for CSI-RS with repetition “on”, RLM, and/or TRS can be considered for known condition.
· For MAC CE based and RRC based switching:
· L1-RSRP reporting is performed on RS resources indicated by the target TCI state within the last [1280] ms.
· RAN4 should discuss if RS resources configured for CSI-RS with repetition “on”, RLM, and/or TRS can be considered for known condition.

Delay requirements of TCI state switching
Based on the discussion about cases to be considered in RRM requirements, delay requirements for active TCI state switching could be discussed accordingly. As we proposed above, all of DCI based, MAC CE based, and RRC based switching requirements should be specified. In addition, different delay requirements would be applied to known and unknown TCI state. For known TCI state, UE does not need to perform additional measurements and Rx beam sweeping since UE would know appropriate Rx beam during monitoring the active TCI states or previous L1-RSRP measurements. 
In case of DCI based switching, UE needs to do DCI decoding and Rx beam switching to the new Tx beam, but corresponding delay is already captured in RAN1/RAN2 specification. In other words, DCI based switching delay can be based on UE capability, i.e. timeDurationForQCL. In case of MAC based switching, RAN1 specification also captures processing delay. Based on RAN1 definition, UE processing time can be 3 msec after a slot where the UE transmits HARQ-ACK information for the PDSCH providing the activation command. In case of RRC based switching, switching delay should be RRC processing time, i.e. 20 ms, defined in TS 38.331.
Proposal 3: Active TCI state switching delay in case of known TCI should be as following.
· For DCI based switching:
· Delay requirement should be defined based on UE capability, i.e. timeDurationForQCL.
· For MAC CE based switching:
· Delay requirement should follow RAN1 definition in TS 38.214, i.e. THARQ + 3 ms.
· For RRC based switching:
· Delay requirement should be RRC processing time defined in TS 38.331.
In case where the target TCI state is unknown, some companies argued that there should be no requirements if the target TCI state is unknown to UE, but we prefer to have requirements even for unknown TCI case. In this case, UE might not know appropriate Rx beam for receiving PDCCH/PDSCH and also need to time/frequency refinement. Thus, additional delay would be required to derive RRM requirements for TCI state switching.
3. Conclusion
In this contribution, we provided our views on requirements for active TCI state switching, and we made following proposals.
Proposal 1:RAN4 should specify RRM requirements for RRC based TCI state switching.
Proposal 2: Condition for known and unknown TCI states should be defined as following.
· For DCI based switching:
· The target TCI state should be considered as known if following condition can be met.
· The target TCI state is in the TCI states already activated by MAC CE, or
· L1-RSRP reporting is performed on RS resources indicated by the target TCI state within the last [1280] ms.
· [bookmark: _GoBack]RAN4 should discuss if RS resources configured for CSI-RS with repetition “on”, RLM, and/or TRS can be considered for known condition.
· For MAC CE based and RRC based switching:
· L1-RSRP reporting is performed on RS resources indicated by the target TCI state within the last [1280] ms.
· RAN4 should discuss if RS resources configured for CSI-RS with repetition “on”, RLM, and/or TRS can be considered for known condition.
Proposal 3: Active TCI state switching delay in case of known TCI should be as following.
· For DCI based switching:
· Delay requirement should be defined based on UE capability, i.e. timeDurationForQCL.
· For MAC CE based switching:
· Delay requirement should follow RAN1 definition in TS 38.214, i.e. THARQ + 3 ms.
· For RRC based switching:
· Delay requirement should be RRC processing time defined in TS 38.331.
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