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1. Introduction
In RAN4#89 way forward on TCI state switch was approved [1]. The open items to be addressed with regards to TCI state switch are:
	· 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


In this contribution we provide our views on TCI state switching delays.

2. Discussion
The UE is configured with a TCI list for PDSCH and PDCCH via RRC. The TCI states for PDCCH is a subset of those for PDSCH. For PDCCH the network configures the active TCI state via MAC CE. 
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Figure 1: TCI State for CORESETs other than CORESET0

RRC can configure up to 128 TCI states for PDSCH. The UE can have up to 8 activated TCI states via MAC CE. The UE monitors the activated TCI states. 
When UE is configured with the higher layer parameter tci-PresentInDCI that is set as 'enabled' for the CORESET scheduling the PDSCH, the TCI field is present in DCI format 1_1. If the scheduling offset between scheduling and PDSCH is larger than Threshold-Sched-Offset and TCI field is present, the TCI state for PDSCH is indicated via DCI. If the tci-PresentInDCI is not configured or PDSCH is scheduled using DCI format 1_0 or the scheduling offset between PDCCH and PDSCH is smaller than Threshold-Sched-Offset, PDSCH follows the TCI of PDCCH. Threshold-Sched-Offset is based on UE capability timeDurationForQCL defined in TS 38.306.
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Figure 2: TCI State for PDSCH
TCI state change and corresponding beam switch could be initiated via MAC CE or DCI. When TCI for PDSCH is indicated by DCI, the TCI state or beam switch can be configured via DCI. DCI based TCI state switch is applicable to PDSCH. When PDSCH follows the TCI state of PDCCH, for a beam switch the TCI state of PDCCH must first be initiated via MAC CE. Hence, for PDCCH MAC CE based TCI state switch would be applicable. 
Observation #1: MAC CE based TCI state switch is applicable to PDCCH and DCI based TCI state switch is applicable to PDSCH
DCI Based TCI State Switch
The activated TCI states are monitored by the UE and the TCI for PDSCH is indicated by DCI. When the PDSCH TCI state is switched via DCI, the TCI state is switched to one of the activated TCI states. Since the UE is monitoring the TRS for the activated TCI states, it has the necessary time/frequency offset information in order to switch to it without further interruption. Also, the UE is assumed to know Rx beam corresponding to the new TCI state. With the assumption that the UE need not make new measurements after new TCI state is indicated by DCI, the beam switching time for DCI based TCI state change is based on UE capability indicated via timeDurationForQCL. The definition of timeDurationForQCL from TS 38.306 is captured below. 
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	timeDurationForQCL
Defines minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [12] clause 5.1.5, i.e. Threshold-Sched-Offset. UE shall indicate one value of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz and 120kHz.
	FS
	Yes
	No
	FR2 only


Observation #2: The beam switching time for PDSCH activated via DCI is indicated by UE capability 
The time duration is defined as counting from the end of last symbol of PDCCH to beginning of the first symbol of PDSCH. The candidate values for timeDurationForQCL are:
60KHz SCS: {7, 14, 28} symbols
120KHz SCS: {14, 28} symbols
Proposal #1: DCI based TCI state/ beam switch delay for PDSCH starts from the end of last symbol of PDCCH to beginning of the first symbol of PDSCH
Hence for DCI based beam switch the delay can be defined based on the UE capability. 
Proposal #2: The delay for DCI based beam/ TCI state switch for PDSCH is defined by UE capability timeDurationForQCL

MAC CE based TCI State Switch
MAC CE based TCI state switch activation is more applicable to PDCCH. When the TCI state switch is to TCI state in the activated TCI states, which is already monitored by the UE, we could define it as TCI state switch to known TCI. Whereas when the TCI state switch is to a newly activated TCI state not monitored by the UE previously, we could define it as TCI state switch to unknown TCI. 
Observation #3: MAC CE based TCI switch can be to a known TCI state or to an unknown TCI state
The delay for MAC CE based TCI state switch starts from the slot with PDSCH carrying the activation command to the slot when PDCCH can be received based on new TCI state.
Proposal #3: The delay for MAC CE based TCI state switch for PDCCH starts from the slot with PDSCH carrying the activation command to the slot when PDCCH can be received based on new TCI state
TCI state switch to known TCI state
[bookmark: _GoBack]For the case when the new TCI state is one of the activated TCI states monitored by the UE, the UE has the necessary time/frequency offset information in order to switch to it without further interruption. Also, the UE is assumed to know Rx beam corresponding to the new TCI state. With these assumptions, in case of TCI state switch to known TCI state, the beam switching delay consists of the following components:
THARQ: The time between DL data transmission of PDSCH carrying activation command and corresponding acknowledgement on UL
TUE-Prep: UE processing/ preparation time. 
The UE processing/ preparation time is defined in TS 38.214 Sec 5.1.5 as follows:
The UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field 'Transmission Configuration Indication'. 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+1.
Hence the UE preparation/processing time for MAC CE based activation can be defined as 3ms.
The total delay for MAC CE based TCI switch to known TCI state can be defined as:
TTCI-Switch, known =  THARQ + TUE-Prep
TTCI-Switch, known =  THARQ + 3ms

Proposal #4: The delay for MAC CE based TCI switch for PDCCH to a known TCI state is defined as TTCI-Switch, known =  THARQ + 3ms

TCI state switch to unknown TCI state
When the MAC CE activation of TCI state is to a TCI state not previously activated or to a newly activated TCI state, i.e. the new TCI state is not monitored by the UE, the UE needs additional time to track time/ frequency offset based on TRS. The motivation to switch the TCI state might be based on some measurements reported by the UE. So it is justified to assume that the UE knows the Rx beam corresponding to the new TCI state. Based on this assumption, the TCI state switch to an unknown TCI state, the beam switching delay consists of the following components:
TACQ-TO-FO: Time for Time/ frequency synchronization
The value of TACQ-TO-FO shall depend on the periodicity of the configured TRS resource set and time/frequency offset estimation time. The value of TACQ-TO-FO is FFS.
THARQ: The time between DL data transmission of PDSCH carrying activation command and corresponding acknowledgement on UL
TUE-Prep: UE processing/ preparation time. 
TTCI-Switch, unknown =  TACQ-TO-FO + THARQ + 3ms

Proposal #5: The delay for MAC CE based TCI switch for PDCCH to an unknown TCI state is defined as TTCI-Switch, unknown =  TACQ-TO-FO + THARQ + 3ms

3. Conclusion
In this paper we present our views on TCI state switch delays. Our proposals are summarized below:
Observation #1: MAC CE based TCI state switch is applicable to PDCCH and DCI based TCI state switch is applicable to PDSCH
Observation #2: The beam switching time for PDSCH activated via DCI is indicated by UE capability 
Proposal #1: DCI based TCI state/ beam switch delay for PDSCH starts from the end of last symbol of PDCCH to beginning of the first symbol of PDSCH
Proposal #2: The delay for DCI based beam/ TCI state switch for PDSCH is defined by UE capability timeDurationForQCL
Observation #3: MAC CE based TCI switch can be to a known TCI state or to an unknown TCI state
Proposal #3: The delay for MAC CE based TCI state switch for PDCCH starts from the slot with PDSCH carrying the activation command to the slot when PDCCH can be received based on new TCI state
Proposal #4: The delay for MAC CE based TCI switch for PDCCH to a known TCI state is defined as TTCI-Switch, known =  THARQ + 3ms
Proposal #5: The delay for MAC CE based TCI switch for PDCCH to an unknown TCI state is defined as TTCI-Switch, unknown =  TACQ-TO-FO + THARQ + 3ms
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