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Introduction
RAN4 #104 the discussions on multi-RX RRM aspects were started. Among the discussed topics, companies brought their views regarding TCI state switch in multi-RX chain. The following aspects were captured in the WF  [3].

	Issue 1-3-1: General considerations for TCI related
Issue 1-3-1-1: Independent TCI switching for dual TCIs for multi-Rx chain UE
· Proposals
· Option 1: Each TCI switching per RX chain is assumed to be independent in aspect of TCI switching delay. RAN4 to study if Rel-17 TCI switching delay requirements can be applicable as Rel-18 UE requirements with multi-RX chains.
· Option 2: RAN4 to study if a UE with multiple RX chains tracks time and frequency per TCI when dual TCIs are activated per RX chain.
· Option 3: RAN4 to discuss the requirements for any change to the set of active TCI states used for simultaneous reception, e.g., active TCI state switching within this set.
Issue 1-3-1-2:  TCI framework for dual TCIs
· Proposals
· Option 1: Dual TCI state switching delay requirements shall base on Rel-15/16 TCI framework.
· Option 2: To define requirements for TCI switching delay with dual TCI, both R15/R16 TCI framework and R17 TCI framework, i.e., unified TCI, are considered for UE supporting multi-Rx chain simultaneous reception.
Issue 1-3-1-4: Inside-panel TCI state switching and cross-panel TCI state switching
· Proposals
· Option 1: FFS Except for the consideration of reduction of Rx beam number, considering inside-panel TCI state switching and cross-panel TCI state switching are both possible, so additional panel/RF chain switching time should be considered within the TCI state switching latency for the case of cross-panel TCI state switching.
Issue 1-3-1-5: Whether number of active TCI states can be larger than the UE capability for simultaneous reception
· Proposals
· Option 1: FFS RAN4 to discuss whether there is an issue when the number of active TCI states is larger than the UE capability for simultaneous reception.

Issue 1-3-2: Known/unknown conditions for TCI state switching for multi-Rx chain
· Proposals
· P1: Study whether TCI state switching delay can be modified or not for multi Rx chain UE, e.g. how to evaluate known/unknown condition by using multi Rx chain, how to define TCI state change delay by the cases that dedicated Rx chain is used, partial Rx chains are used, or all Rx chains are used.
· P1a: For MAC-CE based TCI state switch delay with unknown target TCI state, the reduction on switch delay requirements can be considered (i.e. consider the improvement of TL1-RSRP with multiple simultaneous reception)
· P1b: For dual TCI state switching delay requirements, which scenarios of triggering, known/unknown TCI state and TCI association to different PCI could be considered and clarified.
· P1c: Discuss the known conditions of dual TCI and discuss whether to define requirements for unknown dual TCI state switch.
Issue 1-3-3: Enhancement for TCI state switching delay requirements
· Proposals
· P1: For dual TCI state switch, the legacy TCI state switch delay requirement can be reused
· P2: The new RRM requirements defined for simultaneous measurements and procedures on two chains need to apply, provided the corresponding active TCI states are configured and used for simultaneous reception during the measurement or evaluation period.
· P3: The legacy TCI state switching delay requirement can apply for each RX beam.



In this contribution we discuss the aspects of the TCI Switching for the operation of UEs supporting multiple Rx chains.

Discussion
Scenarios for the TCI state switching delay requirements
The multi-RX WID describes that the enhanced RRM requirements for TCI state switch delay with dual TCI should be studied and specified if needed. In the last RAN4 meeting, companies brought different views about the requirements and the scope of the enhancements to be studied in RAN4. In our companion paper in the general agenda item, we discuss the different scenarios that in our view are applicable for this WI. We consider both the multi-DCI (mDCI), multi-TRP (mTRP) and the single-DCI, multi-TRP scenarios as in the figures below.


Figure 1 - single DCI, multi-TRP scenario




Figure 2 - mDCI, mTRP scenario

For definition of TCI state switching delay for dual TCIs, RAN4 to consider at least the scenarios below, without precluding other scenarios in future discussions:
· Single-DCI, multi-TRP scenario
· Multi-DCI, multi-TRP scenario
In the context of a multi-RX UE, the definition of Dual TCI is currently not clear in RAN4. Furthermore, the WID also specifies that the case of single TCI is handled as a second priority. Therefore, in our view, it is reasonable to assume that the multi-RX UEs are capable of at least 2 active TCI states. 
Multi-Rx UEs are assumed to support at least 2 active TCI states in Rel-18.
In the context of a multi-Rx chain UE, it is important to highlight that the multiple Rx chains might not be active at the same time. Additionally, multiple TCIs might be active in the same or in different panels. Therefore, the following scenarios are possible:
· Dual TCIs are activated in the same panel.
· Dual TCIs are active in different panels.
In our view, the case in which the TCIs are active in the same panel is similar to some assumptions in previous releases. However, as discussed further in this contribution, there might be improvements in the measurements even in this case. Therefore, RAN4 should focus on the definition of RRM requirements for both cases.
The dual TCI state switch requirements are applicable when the corresponding TCI states are in the same, or in different panels.
Time/frequency tracking for dual TCIs for multi-Rx chain UE 
As proposed in our companion paper, our understanding is that the scenarios for multiRx should include distributed (non-colocated) TRPs cases. Therefore, when considering dual TCI handling, we should define a scenario that allows for flexible deployment, with flexibility on the TRP location. That means that we need to specify scenarios that do not imply in strict timing synchronization between Rx chains, or between received signals from different TCI states. Furthermore, for the 2Rx chains we have proposed Independent Beam Management (IBM).
1. Strict timing synchronization between Rx chains is challenging in case of distributed TRPs (non-ideal backhaul).
1. In multi-Rx chain, time and frequency can be tracked independently per Rx chain.
In the case of dual TCIs, consider independent frequency/time tracking per Rx chain. 
TCI Switching Delay
The issues related to this topic were discussed during RAN4 #104 and captured in the WF [3] as:
	Issue 1-3-1-2:  TCI framework for dual TCIs
· Proposals
· Option 1: Dual TCI state switching delay requirements shall base on Rel-15/16 TCI framework.
· Option 2: To define requirements for TCI switching delay with dual TCI, both R15/R16 TCI framework and R17 TCI framework, i.e., unified TCI, are considered for UE supporting multi-Rx chain simultaneous reception.

Issue 1-3-3: Enhancement for TCI state switching delay requirements
· Proposals
· P1: For dual TCI state switch, the legacy TCI state switch delay requirement can be reused
· P2: The new RRM requirements defined for simultaneous measurements and procedures on two chains need to apply, provided the corresponding active TCI states are configured and used for simultaneous reception during the measurement or evaluation period.
· P3: The legacy TCI state switching delay requirement can apply for each RX beam.

Issue 1-3-1-4: Inside-panel TCI state switching and cross-panel TCI state switching
· Proposals
· Option 1: FFS Except for the consideration of reduction of Rx beam number, considering inside-panel TCI state switching and cross-panel TCI state switching are both possible, so additional panel/RF chain switching time should be considered within the TCI state switching latency for the case of cross-panel TCI state switching.




Rel17 Unified TCI state Switching framework work is still in progress. For Rel-18, multi-Rx chains are to be controlled independently (e.g non ideal backhaul mTRP deployments). Therefore, to handle dual TCI State Switching, the legacy (R15/R16) TCI State switching delay requirements can apply.
[bookmark: _Toc111041322]Each TCI switching per RX chain is assumed to be independent in aspect of TCI switching delay. 
RAN4 to consider legacy Rel-15/Rel-16 TCI switching delay requirements as baseline to Rel-18 UE requirements with multi-RX chains in multi DCI and multi TRP scenarios. 
Additionally, it was pointed out in other discussion issues that TCI state switching delay could be improved. The TCI state switch delay is specified considering also L1-RSRP timing. There is ongoing discussion regarding enhancements on L1-RSRP which could influence TL1-RSPR_Measurement_Period_SSB and TL1-RSRP_Measurement_Period_CSI-RS. Such enhancements should be considered also for TCI state switch once work has progressed on the L1 measurements. 
TCI state switch delay depends on TL1-RSPR_Measurement_Period_SSB and TL1-RSRP_Measurement_Period_CSI-RS 
Enhancements on L1 RSRP delays should be reflected on TCI state switch delay. 
When considering cross panel TCI state switching, we understand that this is not a new issue for multi Rx UEs. The panel switching has always been considered as transparent for the network and RAN4 requirements since Rel-15. It is not clear why having multiple Rx chains would impose any change to existing panel switching time. 
1.  UE is expected to track all the active TCI states independent of the panel being used. It is already assumed that that there is no need of any additional delay for cross panel TCI state switching. 
RAN4 not to define additional TCI state switching delay for cross panel TCI state switching.

Known/unknown Conditions for TCI State Switching
[bookmark: _Hlk115430119]The issues related to this topic were discussed during RAN4 #104 and captured in the WF [3] as:
	Issue 1-3-2: Known/unknown conditions for TCI state switching for multi-Rx chain
· Proposals
· P1: Study whether TCI state switching delay can be modified or not for multi Rx chain UE, e.g. how to evaluate known/unknown condition by using multi Rx chain, how to define TCI state change delay by the cases that dedicated Rx chain is used, partial Rx chains are used, or all Rx chains are used.
· P1a: For MAC-CE based TCI state switch delay with unknown target TCI state, the reduction on switch delay requirements can be considered (i.e. consider the improvement of TL1-RSRP with multiple simultaneous reception)
· P1b: For dual TCI state switching delay requirements, which scenarios of triggering, known/unknown TCI state and TCI association to different PCI could be considered and clarified.
· P1c: Discuss the known conditions of dual TCI and discuss whether to define requirements for unknown dual TCI state switch.




One example of conditions for known TCI state are [38.133]:
	8.10.2	Known conditions for TCI state
The TCI state is known if the following conditions are met:
-	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 completion of active TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
-	TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the target TCI state before the TCI state switch command
-	The TCI state remains detectable during the TCI state switching period
[bookmark: _Hlk18067072]-	The SSB associated with the TCI state remain detectable during the TCI switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the TCI state is unknown.




The conditions for known TCI state are discussed in P1c of Issue 1-3-2 in the previous WF on multiple Rx chains, where it is proposed to discussed if the conditions should be revised. These conditions, which are shown above, can be interpreted in a nutshell as being related to whether there is a valid L1-RSRP measurement for the target TCI state and if the associated RS of the target TCI state remains detectable. When considering multiple Rx chain UE, there is no difference on the interpretation of those conditions. Therefore, we don’t see immediate need to change the conditions for dual TCI state switch compared to the single TCI state switch. 
The use of multiple Rx chains is not necessarily helping on the conditions for a target TCI state to be known or unknown. 
Reuse existing conditions for known/ unknown TCI state for multi Rx chain capable UEs. 
As for other options on the Issue 1-3-2 of the WF, we understand that many of those are related to the TCI switching delay, and we already discussed that in previous proposals. 
Conclusion
This contribution provides our analysis on issues related to TCI State switching of NR FR2 multi-Rx chain DL. As part of this discussion the following observations and proposals are derived: 
1. For definition of TCI state switching delay for dual TCIs, RAN4 to consider at least the scenarios below, without precluding other scenarios in future discussions:
· Single-DCI, multi-TRP scenario
· Multi-DCI, multi-TRP scenario
Multi-Rx UEs are assumed to support at least 2 active TCI states in Rel-18.
The dual TCI state switch requirements are applicable when the corresponding TCI states are in the same, or in different panels.
1. Strict timing synchronization between Rx chains is challenging in case of distributed TRPs (non-ideal backhaul).
In multi-Rx chain, time and frequency can be tracked independently per Rx chain.
In the case of dual TCIs, consider independent frequency/time tracking per Rx chain. 
Each TCI switching per RX chain is assumed to be independent in aspect of TCI switching delay. 
RAN4 to consider legacy Rel-15/Rel-16 TCI switching delay requirements as baseline to Rel-18 UE requirements with multi-RX chains in multi DCI and multi TRP scenarios. 
Observation 4: TCI state switch delay depends on TL1-RSPR_Measurement_Period_SSB and TL1-RSRP_Measurement_Period_CSI-RS 
Proposal 1: Enhancements on L1 RSRP delays should be reflected on TCI state switch delay. 
1. UE is expected to track all the active TCI states independent of the panel being used. It is already assumed that that there is no need of any additional delay for cross panel TCI state switching. 
Proposal 2: RAN4 not to define additional TCI state switching delay for cross panel TCI state switching.
Observation 6: The use of multiple Rx chains is not necessarily helping on the conditions for a target TCI state to be known or unknown. 
Proposal 3: Reuse existing conditions for known/ unknown TCI state for multi Rx chain capable UEs. 
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