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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last meeting, the draft CR of TCI state switching have been discussed [1]. In this paper, we continue to discuss the reaming issues on TCI switching. 
2 General
Definition of detectable TCI state
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 the Rx beam has to be changed during the TCI state switching. If the Rx beam needs to be changed, UE had to search the new Rx beam during the TCI switching. Thus, it cannot believed that the TCI state is known in the whole TCI switching procedure. 
[bookmark: _Ref7787754]Proposal 1: In the known condition for TCI state, the TCI state shall also remain detectable with the same Spatial Rx parameter during the TCI state switching period. 
FR2 Intra-band CC’s TCI state
As we known, UE will use the same Rx spatial filter to receive the signals for activated serving cells from intra-band CCs in FR2. RAN4 should agree the similar restriction for the activated TCI state as the applicability rule for SSB Rx beam in intra-band FR2 (Section 3.6.3 of TS38.133). UE can assume the serving cells should have the same downlink spatial domain transmission filter in the same band in FR2. In this case, when TCI state is switched in one CC in an FR2 band, the switched TCI state should be applied to all the other CCs in the same band. 
[bookmark: _Ref16432130]Proposal 2: When TCI state is switched in one CC in an FR2 band, the switched TCI state should be applied to all the other CCs in the same band.
L1-RSRP time
The TCI state switching time should include the Rx beam searching time when the target TCI is unknown to the UE. The symbol TL1-RSRP agreed in L1-RSRP measurement requirement is re-used in TCI state switching, but it should noticed that the  TL1-RSRP includes two parts, L1-RSRP measure time and L1-RSRP report periodicity. Obviously, only the L1-RSRP measure time should be considered in TCI state switching and the L1-RSRP report periodicity should be removed in the required delay time(TReport =0).
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.




 
[bookmark: _Ref16432133]Proposal 3: Only L1-RSRP measurement time in TL1-RSRP should be considered in unknown TCI state switching. TReport should be 0.

TCI state switching for other QCL-Type 
Two kind of TCI states are defined in TS38.214. {QCL-TypeA, QCL-TypeB, QCL-TypeC} is related to channel statistical character. {QCL-TypeD} is related to spatial Rx parameters which is the parameter related to FR2 only. Currently, RAN4 RRM discussion only focus on QCL-TypeD in TCI state switching. However, it’s worth noting that TCI state of other QCL-Type can also be switching by the signalling. The difference is whether the TCI switching time includes the Rx beam sweeping time in unknown TCI state. Thus, RAN4 should differentiate the TCI state switching requirement for QCL-TypeD and other QCL types.
[bookmark: _Ref16432136]Proposal 4: RAN4 should differentiate the TCI state switching requirement for QCL-TypeD and other QCL types. The TL1-RSRP-meas =0 when TCI state switching is for {QCL-TypeA, QCL-TypeB, QCL-TypeC}.
3 MAC-CE based TCI state switching delay
In current requirement, UE is required to finish the TCI state switching in the given delay time without beam sweeping in known TCI state condition. However, there is an ambiguity for TCI state switching due to the uncertainty of PDCCH scheduling here, i.e., if the network does not schedule the PDCCH/PDSCH to UE immediately after the switch delay. When UE cannot detect any PDCCH right after switch delay, UE has the difficulty to differentiate the root cause. There are 2 possible UE behaviors
· UE assumes it used the wrong Rx beam. So UE fall back to the procedure for unknown TCI state switch and start to try different Rx beams.
· UE assumes the network does not schedule the PDCCH/PDSCH UE immediately. So UE keep waiting for the PDCCH/PDSCH with the same Rx beam.
In our understanding, such an ambiguity is not good for both network and UE. One reasonable solution is that the network should schedule the PDCCH right after the time UE finishing the TCI-state switching by MAC-CE. 
[bookmark: _Ref16432140]Proposal 5: UE is expected the PDCCHs scheduling in X slots right after the time of finishing the TCI-state switching to UE. Otherwise, UE will start the procedure for unknown TCI state switch and to try different Rx beams. X is FFS.
4 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 originating from RAN4’s previous discussion about one special RRC reconfiguration scenario: the UE will only configure 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 6: 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. However, the reasonable scheduling restriction will only happen in RRC reconfiguration time and the SSB/CSI-RS occasion time 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 7: 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 the SSB/CSI-RS occasion time for L1-RSRP measurement with the target TCI state.
5 Conclusion
In the contribution, we discuss the remaining issues for TCI state switching. We have the following observations and proposals:
Proposal 1: In the known condition for TCI state, the TCI state shall also remain detectable with the same Spatial Rx parameter during the TCI state switching period.
Proposal 2: When TCI state is switched in one CC in an FR2 band, the switched TCI state should be applied to all the other CCs in the same band.
Proposal 3: Only L1-RSRP measurement time in TL1-RSRP should be considered in unknown TCI state switching. TReport should be 0.
Proposal 4: RAN4 should differentiate the TCI state switching requirement for QCL-TypeD and other QCL types. The TL1-RSRP-meas =0 when TCI state switching is for {QCL-TypeA, QCL-TypeB, QCL-TypeC}.
Proposal 5: UE is expected the PDCCHs scheduling in X slots right after the time of finishing the TCI-state switching to UE. Otherwise, UE will start the procedure for unknown TCI state switch and to try different Rx beams. X is FFS.
Proposal 6: It should clarify only one TCI state configured in TCI state list by RRC reconfiguration in the RRC based TCI state switching delay.
Proposal 7: 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 the SSB/CSI-RS occasion time for L1-RSRP measurement with the target TCI state.
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