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1. Introduction

At RAN4#89 meeting, a WF on delay for TCI state switch and SCell activation was approved in [1]. The TCI state switching part was duplicated as below,
	Switching Delay

gNodeB can indicate the UE to switch its active TCI state

· Both the old and new active TCI states will be from the set of RRC configured TCI states

· Open items

· Define delays associated with an active TCI state switch

· Are interruptions needed on other active cells

· If needed, duration of these interruptions

· Interested companies to provide inputs to above open items in RAN4#90


At RAN4#90 meeting, the progress on this topic is,
	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


This contribution will continue to discuss the remaining issues.
2. Discussion
2.1. TCI state 
· TCI state for PDCCH
TCI-State associates one or two DL reference signals with a corresponding quasi-colocation (QCL) type. For PDCCH at most 64 TCI states can be configured by RRC signalling in CORESET configuration. The network indicate a TCI state for PDCCH reception for a CORESET of a Serving Cell by sending the TCI State Indication for UE-specific PDCCH MAC CE.
· TCI state for PDSCH
For PDSCH, at most 128 TCI states can be configured by RRC signalling in PDSCH-Config. The network activate and deactivate the configured TCI states for PDSCH of a Serving Cell by sending the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE. The maximum number of activated TCI states is 8. TCI-StateId i is set to 1 is mapped to the codepoint of the DCI Transmission Configuration Indication field. If the tci-PresentInDCI is set as 'enabled', the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location.
2.2. Definition of “known TCI state”
If the new TCI state is “known” to UE, it means that UE knows using which Rx beam to receive. If the new TCI state is “unknown” to UE, it means that UE has no idea to use which Rx beam to receive when the new TCI state is applied. We propose the below definition of “known TCI state”. 

· UE has reported L1-RSRP on reference signal in the TCI state during the last [TBD] ms, the TCI state can be regarded as “known”.
Regarding the duration of [TBD]ms, as we know the maximum measurement period for L1-RSRP reporting is 8*TSMTC assuming SMTC periodicity is 160ms, thus the TBD can be set 1.28s.
Proposal 1: The TCI state can be regarded as “known”, if the reference signal in the TCI state is type-D QCLed with another reference signal for which UE reported L1-RSRP during the last [1.28]s, otherwise the TCI state is regarded as unknown.
2.3. TCI state switching delay
· DCI based TCI state switch for PDSCH

1. Switching to a known TCI state
The network activates and deactivates the configured TCI states for PDSCH of a Serving Cell by sending the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE. The maximum number of activated TCI states is 8 (depending on UE capability). Which TCI is used is indicated by DCI. 
In this case UE shall continue remaining the fine timing of the each active TCI in the MAC CE. And UE knows the Rx beam of each active TCI in MAC CE as well. 
According to the specification in RAN1 [TS38.214], for DCI triggered TCI state switching, the delay is Threshold-Sched-Offset which depends on UE capability (7symbols~ 28 symbols).

Proposal 2: For DCI triggered TCI state switching, the delay is Threshold-Sched-Offset which depends on UE capability (7symbols~ 28 symbols).
2. Switching to an unknown TCI state
In our understanding, there is no unknown TCI state switching for DCI based case, since the to-be-switched TCI shall be one activated TCI in the MAC CE and UE shall always maintain the fine timing of each TCI state in the MAC CE.
Proposal 3: For DCI triggered TCI state switching, UE shall always switch to a known TCI state.
· MAC based TCI state switch for PDCCH
1. Switching to a known TCI state
RRC signalling configures most 64 TCI states in CORESET configuration. A TCI state is indicated for PDCCH reception for a CORESET of a Serving Cell by sending the TCI State Indication for UE-specific PDCCH MAC CE. If the to-be-switched TCI is known to UE, it means that UE knows using which Rx beam to receive PDCCH and UE start to tracking the fine timing on the TCI. 
For MAC CE triggered TCI state switching, the delay is already specified in RAN1, “When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from slot[image: image2.png]oI Tame.
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+1” [TS 38.214]. 

Proposal 4:When UE is indicated to switch to a known TCI state by MAC CE for PDCCH, the TCI state switching delay refer to RAN1’s definition, that is, 
When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from slot[image: image4.png]oI Tame.
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2. Switching to an unknown TCI state
If the indicated TCI state is unknown to UE, UE shall perform Rx beam sweeping to search for a Rx Beam and shall acquire the time-frequency synchronization timing.
As we know, when and whether network configure the measurement configuration for BM depends on network implementation, and there is no restriction on the behaviour. So when UE performs Rx beam sweeping is uncertain. In order to acquire the fine timing, the time and frequency synchronization can be based on TRS or SSB. The time for acquiring fine timing is uncertain as well. 
Considering the delay uncertainty when switching to an unknown TCI state, we suggest there is no requirement for the unknown case.
Proposal 5: No requirements are specified for switching to an unknown TCI state based on MAC CE for PDCCH.
3. Conclusions

This contribution provides the discussion on the TCI state switching. The proposals are provided as below,
Proposal 1: The TCI state can be regarded as “known”, if the reference signal in the TCI state is type-D QCLed with another reference signal for which UE reported L1-RSRP during the last [1.28]s, otherwise the TCI state is regarded as unknown.
Proposal 2: For DCI triggered TCI state switching, the delay is Threshold-Sched-Offset which depends on UE capability (7symbols~ 28 symbols).

Proposal 3: For DCI triggered TCI state switching, UE shall always switch to a known TCI state.
Proposal 4:When UE is indicated to switch to a known TCI state by MAC CE for PDCCH, the TCI state switching delay refer to RAN1’s definition, that is, 

When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from slot[image: image6.png]oI Tame.
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Proposal 5: No requirements are specified for switching to an unknown TCI state based on MAC CE for PDCCH.
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