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1	Introduction 
At RAN4 meeting#107, a WF on TCI state switching in multi-Rx chain DL reception was agreed [1]. In this contribution, we discuss the following issues:
· TCI state switching independence
· TCI state switch delay requirements
· UE behavior in case the UE does not support the two configured target TCI states 
· Active TCI state list update
2	Discussion
2.1 TCI state switching independence
At the last meeting, we raised the issue that there might be some constraints that would render the two TCI state switching interdependent, although the general expectation in RAN4 is that for the two current TCI states, when one TCI state is switched, it should be independent from the other TCI state. The possible constraints are given below: 
· The possible RF interaction between the panels. For example, let’s assume TCI state 1 is supported by panel A, TCI state 2 is supported by panel B. During TCI state switch, TCI state 2 switches to TCI state 3, which is supported by panel C. In this case, the UE needs to power off panel B and power on panel C. As a result, there might be some transient impact on panel A because of the power-off/on of panel B/C, respectively, depending on the power supply and panel RF setting preparation. In an extreme case, both TCI states 1 and 2 switch to TCI states 3 and 4 and involve power-off of two panels and power-on of another two panels.
· L1 measurement and processing constraint. If both target TCI states are unknow, the UE needs to perform parallel L1-RSRP measurement for RX beam refinement. If there is some baseband resource sharing between the two L1-RSRP measurement processes, they are not completely independent. The need to consider this constraint depend on the RAN4 decision to consider known case only or both known and unknown cases.
· There may be other constraints.

To address the possible interruption, we proposed an additional delay of 250 us (1 slot for 60kHz SCS and two slots for 120kHz SCS) in the TCI switch delay, since the switch delay is specified in the units of slots. We acknowledge that the actual interruption is much shorter, usually in the order of several microsecond. 

Meanwhile, there were argument against this addition delay. In particular, if there is such a design constrain, it would great affect UE performance, considering a UE may need to change panels when it rotates or changes its orientation towards a TRP. To ensure good UE performance, such a constraint should be avoided in design/implementation. 

Therefore, it is reasonable to address this issue by UE capability. By default, a UE should support dual TCI state switching without the additional delay.

Proposal 1: It is proposed to address the issue of whether additional delay is needed by UE capability. By default, a UE should support dual TCI state switching without the additional delay.
2.2 TCI state switch delay requirements
In this section, we discuss both MAC-CE based and DCI based TCI state switch. The additional delay as discussed in Section 2.1 is not considered.

Regarding the reference signal reception for T/F tracking, as captured in the WF:

Issue 2-1-1: The TCI state reference signals reception for T/F tracking
Agreements:
· Tfirst-SSB defined for the existing TCI state switch delay requirements can be reused for dual TCI switch in mTRP if the definition of Tfirst-SSB is redefined to account for two TDM’ed source SSBs in the QCL chains with two TRPs
· FFS which requirements, e.g., MAC-CE based, active TCI state list update, can be applied.
· [bookmark: _Hlk135950734]Tfirst-SSB1 is the first SSB for one TCI state of dual TCI states, and Tfirst-SSB2 is the first SSB for the other TCI state of dual TCI states after TCI state switch command.

We support the current WF, i.e., Tfirst-SSB1 is the first SSB for one TCI state of dual TCI states, and Tfirst-SSB2 is the first SSB for the other TCI state of dual TCI states after TCI state switch command.


MAC-CE based TCI state switch

For sDCI case, the legacy TCI state switching delay can be reused with the revision above for T/F tracking. In other words, the delay is n+ THARQ + + TOk*(max(Tfirst-SSB1 + Tfirst-SSB2) + TSSB-proc) / NR slot length, assuming the measurement of SSB and SSB processing can be done in parallel for different SSBs.  

For mDCI case, as the two MAC CEs from the two TRPs can arrive at different times, for each target TCI, the legacy requirements for MAC-CE based PDCCH TCI state switch can be reused.

When one of the target  TCI for mDCI case is unknown, the switching delay cannot directly reuse the existing TCI switching requirement, which is indicated below,
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Since there are two target TCIs in this case and they may be QCLed with SSB or CSI-RS or both, the legacy L1-RSRP measurement cannot be directly reused for this case. Instead, if both of target TCIs are unknown, we may need to consider the  Max{TL1-RSRP_measurement_period for TCI 1,  TL1-RSRP_measurement_period for TCI 2} if the L1-RS are not colliding with each other; or (TL1-RSRP_measurement_period for TCI 1) + (TL1-RSRP_measurement_period for TCI 2) if the L1-RS are colliding with each other, or it may rely on the GBBR measurement delay we defined for the target TCIs. The ending point of dual TCI switching for multi-Rx UE is when UE is able to do simultaneous reception with dual target TCIs.

If one of the target TCI is unknown but the other target TCI is known, we should treat this case as same as the one with both unknown target TCIs, as the beam pair is unknown in this case. For instance, in worst case, if UE only kept one strongest beam information from the previous L1-RSRP measurement of a known TCI, UE has to perform L1-RSRP measurement again for this known TCI during the dual TCI switching in order to find the suitable Rx beam pair for dual TCIs.

Proposal 2: if at least one of target TCIs is unknown, the L1-RSRP measurement delay during dual TCI switching shall be defined as:
· Max{TL1-RSRP_measurement_period for TCI 1,  TL1-RSRP_measurement_period for TCI 2} if the L1-RS are not colliding with each other
· (TL1-RSRP_measurement_period for TCI 1) + (TL1-RSRP_measurement_period for TCI 2) if the L1-RS are colliding with each other

Regarding the T/F tracking for two target TCIs, since the fine timing might be different between those TCIs, we may need to consider using TRS for T/F tracking for each target TCI instead of using SSB. Thus, UE needs to monitor two TRS for T/F tracking for two target TCIs respectively, and the TCI application time will be determined based on the last TRS for T/F tracking + TRS processing time, i.e., TOuk*(Tlast-TRS+ TTRS-proc) / NR slot length, last TRS means the late arrived TRS of the two TRSs for T/F tracking for two target TCIs respectively. 

Proposal 3: The fine timing tracking delay shall be defined as: TOuk*(Tlast-TRS+ TTRS-proc) / NR slot length. Last TRS means the later arrived TRS of the two TRSs for T/F tracking for two target TCIs respectively.


DCI based TCI state switch

For sDCI case, we agree to reuse Re-16 requirements for sDCI based PDSCH TCI state switch.

For mDCI case, if time interval between DCI and scheduled PDSCH is less than timeDurationForQCL on one link as shown in figure 1, the UE is not able to receive PDSCHs from two TRPs simultaneously by using two target TCIs. In existing TS38.214, RAN1 specified some mechanism for UE to fall back to a by-default TCI if such time interval is less than  timeDurationForQCL for single TCI switching case, but it cannot apply directly for dual TCI switching case.
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Figure 1. Example for DCI based TCI switching in mDCI case

In order to simplify the RAN4 requirement, we think in R18 UE can be assumed to use old TCIs for PDSCHs reception if time interval between DCI and scheduled PDSCH is less than timeDurationForQCL on at least one link, or no requirement shall be defined for that case. We may enhance such case in R19 to introduce by-default TCI pair when time interval between DCI and scheduled PDSCH is less than timeDurationForQCL on at least one link during the DCI based dual TCI switching.

Proposal 4: When time interval between DCI and scheduled PDSCH is less than timeDurationForQCL on at least one link during the DCI based dual TCI switching, UE can be assumed to use old TCIs for PDSCHs reception or no requirement shall be applied for this case.


2.3 UE behavior in case the UE does not support the two configured target TCI states

The WF [1] states:

Issue 2-1-3: UE behaviour when TCI states are not supported 
· FFS
· Proposal 1: RAN4 to investigate the UE behaviour when it is not able to receive simultaneously on the dual TCI states.
· Proposal 2: It is proposed to discuss and decide UE behaviour in case the UE does not support the two configured target TCI states simultaneously.

When the network configures two target TCI states to a UE, an issue may arise: what if the UE does not support the two target TCI states simultaneously? To address this issue, we share some options below for consideration:
· The network is supposed to configure two target TCI states based on UE group-based beam reporting, and the network will only configure TCI states that the UE supports. If this is the case, no further action is needed in RAN4.
· If the network cannot ensure that the two configured TCI states are always supported by the UE, there are at least some UE behaviors that can be considered:
· Option 1: UE can report the two beams it can support via group-based beam reporting mechanism if it knows one or more valid beam pairs
· Option 2: UE can continue the communication with old TCI states and inform the network in its old TCI state that one of or both of target TCI states is not working or supported.


Proposal 5: It is proposed to discuss and decide UE behavior in case the UE does not support the two configured target TCI states simultaneously. There are two cases:
· Case 1: The network is supposed to configure two target TCI states based on UE group-based beam reporting, and the network will only configure TCI states that the UE supports.
· Case 2: If the network cannot ensure that the two configured TCI states are always supported by the UE, there are at least some UE behaviors that can be considered:
· Option 1: UE can report the two beams it can support via group-based beam reporting mechanism if it knows one or more valid beam pairs
· Option 2: UE can continue the communication with old TCI states and inform the network in its old TCI state that one of or both of target TCI states is not working or supported.

2.4 Active TCI state list update
In the WF [1], there are two options:

Sub-topic 2-6: Active TCI state list update
Issue 2-6-1: Active TCI state list update
FFS: Not to differentiate Active TCI state list update for s-DCI and m-DCI scenarios.
Issue 2-6-1-2: Active TCI state list update delay requirement
Use following agreement to derive the equation for TCI state list update
· Tfirst-SSB defined for the existing TCI state switch delay requirements can be reused for dual TCI switch in mTRP if the definition of Tfirst-SSB is redefined to account for two TDM’ed source SSBs in the QCL chains with two TRPs
· Tfirst-SSB1 is the first SSB for one TCI state of dual TCI states, and Tfirst-SSB2 is the first SSB for the other TCI state of dual TCI states after TCI state switch command.

For sDCI case, the existing requirement can be reused with the definition of Tfirst-SSB1 and Tfirst-SSB2, as mentioned in the WF above, to account for T/F tracking if needed. This refers to the updated MAC-CE based sDCI requirement above in Section 2.2.

For mDCI case, as the active TCI state list is updated for each TRP, the existing requirement can be reused. 

Proposal 6: For active TCI state list update, the requirement can be defined as follows:
· For sDCI case, the existing requirement can reuse the updated MAC-CE based sDCI requirement above in Section 2.2.
· For mDCI case, as the active TCI state list is updated for each TRP, the existing requirement can be reused.

3	Conclusions
In this contribution, we make the following proposals.
Proposal 1: It is proposed to address the issue of whether additional delay is needed by UE capability. By default, a UE should support dual TCI state switching without the additional delay.
Proposal 2: if at least one of target TCIs is unknown, the L1-RSRP measurement delay during dual TCI switching shall be defined as:
· Max{TL1-RSRP_measurement_period for TCI 1,  TL1-RSRP_measurement_period for TCI 2} if the L1-RS are not colliding with each other
· (TL1-RSRP_measurement_period for TCI 1) + (TL1-RSRP_measurement_period for TCI 2) if the L1-RS are colliding with each other

Proposal 3: The fine timing tracking delay shall be defined as: TOuk*(Tlast-TRS+ TTRS-proc) / NR slot length. Last TRS means the later arrived TRS of the two TRSs for T/F tracking for two target TCIs respectively.

Proposal 4: When time interval between DCI and scheduled PDSCH is less than timeDurationForQCL on at least one link during the DCI based dual TCI switching, UE can be assumed to use old TCIs for PDSCHs reception or no requirement shall be applied for this case.

Proposal 5: It is proposed to discuss and decide UE behavior in case the UE does not support the two configured target TCI states simultaneously. There are two cases:
· Case 1: The network is supposed to configure two target TCI states based on UE group-based beam reporting, and the network will only configure TCI states that the UE supports.
· Case 2: If the network cannot ensure that the two configured TCI states are always supported by the UE, there are at least some UE behaviors that can be considered:
· Option 1: UE can report the two beams it can support via group-based beam reporting mechanism if it knows one or more valid beam pairs
· Option 2: UE can continue the communication with old TCI states and inform the network in its old TCI state that one of or both of target TCI states is not working or supported.

Proposal 6: For active TCI state list update, the requirement can be defined as follows:
· For sDCI case, the existing requirement can reuse the updated MAC-CE based sDCI requirement above in Section 2.2.
· For mDCI case, as the active TCI state list is updated for each TRP, the existing requirement can be reused.
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