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Introduction
In current TS 38.133, delay requirements for TCI state switch are not defined. In this contribution, we give our views on delay requirements for active TCI state switch. 
Discussion
 	TCI states
NR supports beam indication by means of indicating Transmission Configuration Indication (TCI) states. It means gNB informs UE that a particular PDSCH/PDCCH reception at UE can use the same beam configured for CSI-RS/SSB. In other words, it implies informing the device that a certain PDSCH and/or PDCCH is transmitted using the same spatial filter as the configured reference signal.  
TCI state switch for PDCCH is triggered using MAC CE. TCI state switch for PDSCH is triggered using combination of MAC CE and DCI. Active TCI state switch for PDSCH is triggered using DCI. In previous meetings [3] it was agreed that delay requirement for PDCCH TCI state switch and PDSCH TCI state switch are different.  
 	Active TCI states update for PDSCH
As discussed above, TCI state switch for PDSCH is triggered using a combination of MAC CE and DCI. In the last meeting, it was agreed that requirements are need to be defined for TCI state update for PDSCH. Update of active TCI states using MAC CE, needs time for decoding and applying MAC CE, which can be 3ms. When UE receive MAC CE containing TCI state switch command, UE has to send HARQ feedback to network, which will take HARQ Scheduled offset time, which can be denoted as THARQ [4]. Total delay required for updating active TCI states for PDSCH is 3ms+THARQ
Proposal 1: Delay required for update of active TCI states for PDSCH is 3ms+THARQ

 	DCI based TCI state switch delay for PDSCH
In the last meeting, it was agreed that, DCI based TCI state switch delay will depend on UE capability timeDurationForQCL if the TCI state is known at the UE. TCI known condition is still open for discussion. In the last meeting it was agreed that the TCI state is known if the L1/L3 RSRP report is sent in last [X] ms for PC1 UE. For other PC UEs like PC 2/3/4 it is for FFS. 
Since UE may not know Rx spatial parameters for unknown TCI state, UE may have to perform P2 and P3 beam management procedure for acquiring the Rx spatial parameters. Since P2 and P3 procedure may take longer time than scheduled offset supported for PDSCH, DCI based TCI state switching is not supported
Proposal 2: For unknown TCI state, DCI based TCI state switch is not supported for any power class 
 	MAC CE based TCI state switch for PDCCH
Theoretically CORESET is cell specific and not BWP specific. Even though UE switches the BWP, it can still use the same beam for CORESET reception on the new BWP also. In general PDCCH is transmitted using wide beam to increase the reliability of PDCCH decoding. Though RRC can define multiple TCI states for PDCCH, based on UE capability and CORESET location, UE need not have knowledge about other TCI state than the active TCI state. Due to this, unknown TCI state can occur during TCI state change of PDCCH or CORESET. As the CORESET beam is wider, sufficient switching time can be there for switching to unknown TCI state. This is not true with PDSCH, because in general PDSCH beams are narrower for better capacity. 
 	MAC based TCI state switch delay
MAC based TCI state switch delay can be divided into two parts. First part of the delay is reception, decoding and application of MAC CE. When UE receive MAC CE containing TCI state switch command, UE has to send HARQ feedback to network, which will take HARQ Scheduled offset time, which can be denoted as THARQ. For MAC CE decoding and application of MAC CE, UE may take around 3ms. Together, HARQ Scheduled offset and MAC CE decoding and application may take 3ms+THARQ. Second part of the delay is the time required for beam switch. Beam switch can further depend on UE capability and whether the TCI state is known to UE or not. In the last meeting for TCI switch delay if TCI state is known, is agreed as 3ms+ THARQ. 

Known condition for TCI state:  
TCI state can be unknown if the beam direction in which network transmits changes or UE moves from one beam to other beam coverage. Since first condition may be network configurable and can change based on scenario, we consider second condition alone to define the requirements.  We assume it takes roughly 500ms for UE to move from one beam to another beam, thereby TCI state is considered known if beam report is sent within last 500 ms.  

Proposal 3: TCI state is considered known if beam report is sent within last 500 ms.  

Apart from the delay of 3ms+THARQ (due to MAC CE reception, decoding and application) as discussed above, when TCI state is not known, UE may have to perform search for SSB, which may take one SMTC periodicity as it may have to wait for SSB transmission periodicity (TSMTC) to detect and decode.   
	
Proposal 4: For unknown TCI state, MAC based TCI switch delay is 3ms+THARQ+TSMTC  
 	RRC based TCI switch delay
RRC based TCI state switch may involve, RRC procedure delay and TCI switch delay. RRC processing delay [1] can be denoted as TRRCprocessingDelay. This according to clause 12 of TS 38.331 is 10ms. TCI switch delay may further depend on whether TCI is known or not known. If TCI state is known, UE may not need extra delay than RRC procedure delay to switch to new TCI state. 
Observation 1: For known TCI state, RRC based TCI switch delay is TRRCprocessingDelay (10ms)
Under the assumption that UE may not need to perform beam sweeping, as UE may have already feedback L1-RSRP or L3-RSRP before gNB sending RRC based TCI switch, UE may have to perform search for SSB, which may take one SMTC periodicity as it may have to wait for SSB transmission periodicity to detect and decode. 
Observation 2: For unknown TCI state, RRC based TCI state switch delay is TRRCprocessingDelay (10ms) + TSMTC 
Proposal 5: RRC based TCI state switch delay, if TCI state is known is TRRCprocessingDelay (10ms), else TRRCprocessingDelay (10ms) + TSMTC
Conclusion
In this contribution we have discussed requirements for active TCI state switch and made the following proposals:
[bookmark: _GoBack]Proposal 1: Delay required for active TCI states update for PDSCH is 3ms+THARQ 
Proposal 2: For unknown TCI state, DCI based TCI state switch is not supported for any power class 
Proposal 3: TCI state is considered known if beam report is sent within last 500 ms
Proposal 4: For unknown TCI state, MAC based TCI switch delay is 3ms+THARQ+TSMTC  
Proposal 5: RRC based TCI state switch delay, if TCI state is known is TRRCprocessingDelay (10ms) else it is TRRCprocessingDelay (10ms) + TSMTC
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