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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last meeting, a WF of TCI state switching has been agreed [1]. In this paper, we continue discussing the reaming issues on TCI switching. 
2 Remaining issues in current TCI state switch
Known TCI Definition
In current TCI state known definition, it requires UE at least sent 1 measurement report to network for the target TCI state. Some companies think this measurement report can be earlier than the last RS resource for target TCI beam measurement. However, UE’s beam tracking resource is limited so that UE is not able to track all configured resource. Even through the RS for this measurement report can remain detectable after the measurement report, it is not guarantee that UE will keep measuring this RS again after the measurement report (Some other RS’s may become even better.). In the worst case, when UE receives the TCI state switch command, UE never measured the RS resources in these 1.28s duration. Thus, the measurement report should be within the 1.28s of the last transmission of the RS resources for beam measurement.
[bookmark: _Ref23521659]Proposal 1:  The measurement report should be within the 1.28s of the last transmission of the RS resources for beam measurement in known TCI definition.
As discussed above, the L1-RSRP report should be before the TCI state switch command and later than the last transmission RS for beam reporting within 1280ms. The detail time line is shown as follow.


Figure 1. The timeline for known TCI state definition


[bookmark: _Ref23929635]Proposal 2: The known TCI state definition can be updated as:
The TCI state is known if it has been meeting the following conditions:
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the time UE finishing the TCI switch,
-	TCI state switch command is received within 1280 ms of the last transmission of the RS resource for measurement reporting for the target TCI state
-	The UE has sent at least 1 measurement report for the target TCI state before the TCI state switch command
-	During the period from L1-RSRP reporting to finishing the active TCI state switch,
-	The TCI state remain detectable 
[bookmark: _Hlk18067072]-	The SSB associated with the TCI state remain detectable 
           	-	SNR of the TCI state is ≥ -3dB
Otherwise, the TCI state is unknown.

Channel Condition Impact
[bookmark: _GoBack]During the whole switching procedure, the agreement is that the target TCI state should remain detectable by the SNR of the TCI state>-3dB when TCI state is known in TCI switching. However, in FR2, another important issue should be considered is that whether UE has to change the Rx beam in order to maintain this know condition during the TCI state switch. If the SNR side condition is only met with Rx beam #1 in the 1st half of the switching delay and only met with Rx beam #2 in the 2nd half, then UE actually has to search the new Rx beam during the TCI switching. One possible example is that UE is rotating during TCI –state switching. In this case, the TCI state switch delay should be extended due to the channel variation.
[bookmark: _Ref23929602][bookmark: _Ref7787754]Proposal 3: The TCI state switch delay may be extended due to channel condition changes during UE conducts TCI state switch procedure.
First SSB definition
In current requirement,  is defined as the first SSB transmission after MAC CE command in MAC-CE based TCI state switching. However, in the case that UE should measure L1-RSRP after MAC CE decoded in unknown TCI state switch involving changes in QCL Type-D, UE should wait the first SSB to time tracking when UE finished the L1-RSRP measurement. In RRC based TCI state switch,  definition should also be updated, e.g., the time for the first SSB to come after RRC processing.


[bookmark: _Ref16432140][bookmark: _Ref20492210][bookmark: _Ref19972021]Proposal 4: There are 3 different definitions of .   is time
1. [bookmark: _Ref19971798]to first SSB transmission after L1-RSRP measurement by the UE in unknown TCI state switch with QCL Type-D
2. [bookmark: _Ref19971801]to first SSB transmission after MAC CE command by the UE in unknown TCI state switch involving with QCL Type-A, B, C only. 
3. to first SSB transmission after RRC processing by the UE in RRC based known TCI state switch.
Time tracking in unknown TCI state switching 
· SSB-based L1-RSRP measurement
In current specification,  when SSB based L1-RSRP measurement in unknown TCI state switching because it believes time tracking can be done at the same time with SSB based L1-RSRP measurement. However, it will be no SSB based L1-RSRP measurement procedure once TCI state switching only involving QCL Type-A, B, C only. Thus, the additional time tracking procedure should be added back.
[bookmark: _Ref19971806]Proposal 5:  when TCI state switching involves QCL-Type A, B, C only for unknown case.
· CSI-RS based L1-RSRP measurement
Currently, additional time tracking time will be always added in CSI-RS based L1-RSRP measurement. UE still cannot know how to use suitable SSB for time tracking when CSI-RS is not configured to QCLed with any SSB. Thus, this requirement should be restricted to the scenario that CSI-RS is already TypeA, Type B, or TypeC QCL-ed with an SSB.
[bookmark: _Ref19971809]Proposal 6: The requirements only apply to the case where the CSI-RS based TCI state is Type-A, B, C QCL-ed with an SSB.
RRC based TCI state switching delay
There are three kinds of signalling for TCI state switching: RRC, MAC-CE, DCI. Generally, PDCCH TCI state switching will based on MAC-CE and PDSCH TCI switching will based on DCI. The agreed RRC based TCI state switching delay requirement is originated from RAN4’s previous discussion about one special RRC reconfiguration scenario: the UE will be configured with only one TCI state in TCI state list of RRC reconfiguration to indicate the TCI state switch implicitly. Otherwise, the TCI state switching time will be definitely extended to consider MAC-CE and DCI time. Thus, it should clarify this special scenario in RRC based TCI state switching.
[bookmark: _Ref16432143]Proposal 7: It should clarify only one TCI state configured in TCI state list by RRC reconfiguration in the RRC based TCI state switching delay.
In currently agreed RRC based TCI state switching, UE is not required to receive PDCCH/PDSCH or transmit PUCCH/PUSCH until the end of TCI state switching delay. However, the reasonable scheduling restriction will only happen in RRC reconfiguration time and the SSB/CSI-RS occasion symbols for measurement with the target TCI state. In other time, UE can transmit/receive the signals normally using the Tx/Rx beam within the old TCI state. For example, if the L1-RSRP measurement is based on SSB and the SMTC periodicity equals 160ms, the UE can transmit/receive the signals normally in the SMTC periodicity except the SSB occasion time.
[bookmark: _Ref16432146]Proposal 8: During the RRC based TCI state switching, the UE is not required to receive PDCCH/PDSCH or transmit PUCCH/PUSCH during the RRC reconfiguration procedure and on the OFDM symbols occupied by CSI-RS, SSB or SSB and CSI-RS QCL-ed to the target TCI state until the end of switching period.
3 Conclusion
In the contribution, we discuss the remaining issues for TCI state switching. We have the following observations and proposals:
Proposal 1:  The measurement report should be within the 1.28s of the last transmission of the RS resources for beam measurement in known TCI definition.
Proposal 2: The known TCI state definition can be updated as:
The TCI state is known if it has been meeting the following conditions:
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the time UE finishing the TCI switch,
-	TCI state switch command is received within 1280 ms of the last transmission of the RS resource for measurement reporting for the target TCI state
-	The UE has sent at least 1 measurement report for the target TCI state before the TCI state switch command
-	During the period from L1-RSRP reporting to finishing the active TCI state switch,
-	The TCI state remain detectable 
-	The SSB associated with the TCI state remain detectable 
           	-	SNR of the TCI state is ≥ -3dB
Otherwise, the TCI state is unknown.
Proposal 3: The TCI state switch delay may be extended due to channel condition changes during UE conducts TCI state switch procedure.
Proposal 4: There are 3 different definitions of .   is time
1. to first SSB transmission after L1-RSRP measurement by the UE in unknown TCI state switch with QCL Type-D
2. to first SSB transmission after MAC CE command by the UE in unknown TCI state switch involving with QCL Type-A, B, C only. 
3. to first SSB transmission after RRC processing by the UE in RRC based known TCI state switch.
Proposal 5:  when TCI state switching involves QCL-Type A, B, C only for unknown case.
Proposal 6: The requirements only apply to the case where the CSI-RS based TCI state is Type-A, B, C QCL-ed with an SSB.
Proposal 7: It should clarify only one TCI state configured in TCI state list by RRC reconfiguration in the RRC based TCI state switching delay.
Proposal 8: During the RRC based TCI state switching, the UE is not required to receive PDCCH/PDSCH or transmit PUCCH/PUSCH during the RRC reconfiguration procedure and on the OFDM symbols occupied by CSI-RS, SSB or SSB and CSI-RS QCL-ed to the target TCI state until the end of switching period.
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