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[bookmark: _Toc116995841]Introduction
In this paper we discuss RRM aspects related to TCI State switch in the multi-RX chain in FR2 for Rel-18. The following aspects were captured in the WF  [4].
[bookmark: _Toc116995848]TCI state switch
Scenarios for TCI state switch requirements 

The following aspects were captured in the WF [4] regarding scenarios for TCI state switching requirements.
	Issue 1-2-2:  Switch command for dual TCI state switch
Issue 1-2-2-1: When two TCI states are switched simultaneously, assumption on the switch commands  
Agreements: 
· Wait for conclusion on scenarios in other thread w.r.t sDCI vs mDCI.  
Candidate options for next meeting:
·   Option 1 (Vivo, Huawei): requirements are defined for following modes of switching 
· Two DCI one for each TCI state (PDSCH multiple DCI)
· Two MAC CE one for each TCI state (PDCCH non-SFN)
· One DCI for two TCI states (PDSCH single DCI)
· One MAC CE for two TCI states (PDCCH SFN)
· Other options not precluded

Issue 1-2-2-2: TCI state switch scenarios to be considered    
Agreements: 
· Waiting for the scenario’s conclusion in other thread w.r.t sDCI vs mDCI
· FFS on the definition of dual TCI state switching. Companies are requested bring their views to next meeting

Candidate options for next meeting:
· Proposal 1 (Xiaomi):
· 1, Single TCI state to Dual TCI state within one MAC CE
· 2, Single TCI state to Dual TCI state with two MAC CE
· 3, Dual TCI state within one MAC CE to Single TCI state
· 4, Dual TCI state with two MAC CE to Single TCI state
· 5, Dual TCI state with one MAC CE to Dual TCI state with two MAC CE
· 6, Dual TCI state with two MAC CE to Dual TCI state with one MAC CE
· 7, Dual TCI state with one MAC CE to Dual TCI state with one MAC CE
· 8, Dual TCI state with two MAC CE to Dual TCI state with two MAC CE
· Proposal 2 (Huawei): The definition of dual TCI state switch shall be clarified considering following cases:
· Single TCI to dual TCI
· Dual TCI to single TCI
· Dual TCI with changes of both QCL Type D RSs
· Dual TCI with change of only one of QCL type D RS.
· Other proposals not precluded

Issue 1-2-2-3: If the proposal 1 to issue 1-2-2-2 is acceptable, can the following proposal be acceptable.    
Agreements: 
· Wait for conclusion on issue 1-2-2-2. 
Candidate options for next meeting: 
· Proposal 1 (Xiaomi): For scenario 1, 3, 7 as one MAC CE is used before and one MAC CE is used after the TCI state switching, the legacy MAC CE based delay requirement apply
· Proposal 2 (Xiaomi): For scenario 8, the legacy TCI state switching delay requirement will be used for each TCI state switching.
· Proposal 3 (Xiaomi): The MAC CE processing time will need to be further considered in certain scenario as the 2nd MAC CE comes within the 1st MAC CE processing time
Other proposals are not precluded



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.

[image: ]
[bookmark: _Ref118618686]Figure 1 - single DCI, multi-TRP scenario
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[bookmark: _Ref118622410]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 indicated TCI states in Rel-18.
In Rel-16 DCI may be used for indicating the PDSCH TCI state, which can be a single TCI state. Rel-17 introduced more flexibility including DCI indicated change of a TCI state pair. When using the single DCI scenario in Figure 1 the list of active TCI states will contain codepoints with single TCI states or TCI state pairs. If in the DCI the gNB indicates one of the codepoints with a TCI state pair, two TCI states will be jointly scheduled simultaneously for 4 layer MIMO reception.  
When considering the multi DCI scenario of Figure 2, the DCI indication of PDSCH state differs from the one in Figure 1. In this case, two different TCI states for PDSCH can be indicated using independent DCIs with independent codepoints. When this scenario is considered, the current DCI based TCI switching requirements already provide a baseline if we consider that each TCI state switch can be evaluated independently. However, evaluation is also needed in case multi DCIs are received for indicating the UE for DL reception at the same time. 
[bookmark: _Toc118747852]Existing RAN4 requirements do not consider TCI state switching with multiple TCI indication, e.g. DCI indication of 2 TCI states, or MAC CE indication of 2 TCI states.   
[bookmark: _Toc118747853]RAN4 to consider at least the following scenarios for the definition of TCI state switch for UEs supporting multi Rx:
a. [bookmark: _Toc118747854]Dual PDCCH TCI state indication using MAC CE
b. [bookmark: _Toc118747855]Dual PDSCH TCI state indication using single DCI
[bookmark: _Toc118747856]It is not clear the impact of multi RX on the requirements for indicating 2 PDSCH TCI states using 2 DCIs if both switching commands overlap in time. 
[bookmark: _Toc118747857]RAN4 to evaluate if the requirement impact for dual PDSCH TCI state indication using multiple DCI. 

Known conditions 
The following aspects were captured in the WF [4] regarding known conditions for TCI state switching.
	Issue 1-2-3: Known condition
Issue 1-2-3-1:  When two TCI states are switched simultaneously, known condition for the TCI states is:   
Candidate options for next meeting:
· Option 1: For sDCI framework, TCI state pair can be either both known or both unknown  
· Option 2: Dual TCI states are independent, and each of the TCI state can be known or unknown. The definition of known/unknown for individual TCI state can follow R15/R16 definition.  
· Option 3: Following conditions shall be considered for the known conditions:
· The UE has sent at least one L1-RSRP report for the target TCI states before the TCI state switch command where the associated QCL type D RSs are reported within one group configured by groupBasedBeamReporting-r17. 
· The associated QCL type D RSs in target TCI states satisfy the conditions that the RSs are received from different panels, where the conditions shall follow RF conclusion.
· Option 4: any other option, please specify




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. 
[bookmark: _Toc118747858]The use of multiple Rx chains is not necessarily helping on the conditions for a target TCI state to be known or unknown. 
[bookmark: _Toc118747859]Reuse existing conditions for known/ unknown TCI state for multi Rx chain capable UEs. 

In the last RAN4 meeting, some proposals were made in relation to sDCI framework and simultaneous switching of 2 TCI states. Among the proposals there was options for known condition that depends on both TCI states being received from different pannels. In our view that kind of information is unknown to the network and would result in potentially bad network decisions for the indication of TCI group, since the network has no means of known when two TCI states fall into the same panel. In principle, the UE has control over which TCI states it report for group-based beam reporting. Therefore, this discussion is not needed. 
On the other hand, the conditions for simultaneous indication of multiple TCIs might need clarification on the RAN4 requriements. 
[bookmark: _Toc118747860]RAN4 to evaluate how the known conditions for TCI switching can be updated for the case of simultaneous indication of two TCI states. 
However, this can only be addressed once RAN4 has agreements on which TCI state framework is assumed and applied and how known/unknown will be defined.
TCI state switch delay requirements 
The following aspects were captured in the WF [4] regarding scenarios for TCI state switching delay.

	Issue 1-2-4: Delay requirements:
Issue 1-2-4-1:  Requirements are specified for following cases only. Do you agree with below proposals?    
Candidate options for next meeting:	
· Proposal 1 (Vivo): For DCI based switching, only known TCI state switching requirement are defined
· Proposal 2 (Vivo): For MAC-CE based dual TCI states switch, requirements for both known and unknown conditions are specified
· Other proposals are not precluded
Issue 1-2-4-2: Does the cross-panel switch time needs to be defined.     
Agreements: 
· RRM not to define additional TCI state switching delay for cross panel TCI state switching. If RF session achieves a new conclusion on panels ON/OFF switch time, RRM session may revisit the issue if required. 
Issue 1-2-4-3: TCI state switch delay requirements
Candidate options for next meeting:
· Option 1 (Vivo): for known TCI state, reuse legacy requirements. For unknown state, legacy TCI states switch delay requirements are enhanced for UE with multi-Rx chain 
· Option 2 (Intel): For dual TCI state switch, the legacy Rel-15/16 TCI state switch delay requirement can be reused
· Option 3(MTK): Legacy TCI states switch delay requirements are reused for UE with multi-Rx chain
· Option 4 (Nokia): Enhancements on L1 RSRP delays should be reflected on TCI state switch delay
· Option 5 (LGE): Further study UE behavior in case one of the TCI states is unknown for dual TCI state switching
· Option 6: Other proposals are not precluded.



The conditions in which TCI state switching command needs to be defined was also discussed in the last RAN4 meeting. As part of this discussion, it was proposed that only known conditions are specified for DCI based switching. This is already the case for Rel 17 requirements. However, the details in Rel-17 are still under discussion when considering unified TCI state framework.
[bookmark: _Toc118747861]Whether to define DCI-based TCI state switching requirements for both known and unknown conditions remain open until R17 agreements are in place. 
In the existing RAN4 RRM requirements, 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. 
[bookmark: _Toc118747862]TCI state switch delay depends on TL1-RSPR_Measurement_Period_SSB and TL1-RSRP_Measurement_Period_CSI-RS 
[bookmark: _Toc118747863]Enhancements on L1 RSRP delays should be reflected on TCI state switch delay. 

List update
The following aspects were captured in the WF [4] regarding scenarios for TCI state switching list update.

	1 Sub-topic 1-3: TCI state list update requirements
Issue 1-3-1: TCI state pools  
Candidate options for next meeting:
· Option 1: Independent candidate TCI state pool for each Rx chain/panel. Then the TCI state switching is only allowed within one candidate TCI state pool, cross-pool switching is not allowed. 
· Option 2: Cross pool switching is allowed, i.e., the target TCI state can be in any pool, same of different with the pool of current TCI state, i.e., each TCI state switching can be within panel/Rx chain or cross panels/Rx chains.
· Other options not precluded 
Issue 1-3-2: Active TCI state list update requirements   
Candidate options for next meeting:
· Proposal 1: RAN4 to discuss the active TCI states requirements for any change to the set of active TCI states used for simultaneous reception, i.e., requirements for:
· addition of an active TCI state to the set of active TCI states for simultaneous reception,
· removal of an active TCI state from the set of active TCI states for simultaneous reception,
· switching/replacement of an active TCI state in the set of active TCI states for simultaneous reception
· Other proposals not precluded 
Issue 1-3-3: Other proposals   
Candidate options for next meeting:
· Proposal 1: The new RRM requirements (e.g., measurement or beam management 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 entire measurement or evaluation period.
· Proposal 2: RAN4 to define the necessary UE behaviour and measurement requirements for simultaneous reception when the set of active TCI states changes during the measurement or evaluation period, e.g., when:
· A new active TCI state is added,
· An active TCI state is removed,
· An active TCI state is switched/replaced. 
· Proposal 3: RAN4 to discuss and decide on how to differentiate in the specification the set of active TCI states which can be used for simultaneous reception from other active TCI states which cannot be used for simultaneous reception.
· Other proposals not precluded




In general, it seems that the discussion in last meeting was concentrated on aspects related to unified TCI state framework. Hence, for Issue 1-3-1 and 1-3-2 RAN4 shall follow the RAN1 defined procedures.
[bookmark: _Toc118747864]RAN4 follow RAN1 defined procedures for TCI state pools
[bookmark: _Toc118747865]RAN4 follow RAN1 defined procedures for active TCI state list update and R17 defined requirements.
As for Issue 1-3-3 other proposals, regarding proposal 1 seems not to be reasonable assuming for example that some RRM measurement are uncorrelated with whether a given TCI state is in the active TCI state list. Hence, proposal 1 is not agreeable.
Issue 1-3-3 proposal 1 is not agreeable as it is too broad in assuming all/any new RRM requirements without such new requirements even being agreed yet. 
Regarding proposal 2, is also not directly agreeable as the condition ‘when the set of active TCI states changes during the measurement or evaluation period’ is something only known to UE implementation. Hence, it will not be feasible to agree such proposal yet without further discussion.
Issue 1-3-3, proposal 2 is not agreeable as the condition is something only known to UE implementation. Hence, it will not be possible to agree such proposal currently
As for proposal 3 RAN4 shall follow the unified state framework defined by RAN1.

Conclusion
This paper has presented discussion on TCI switching requirements for multi Rx. As part of this discussion the following observations and proposals are derived: 
Observation 1: Existing RAN4 requirements do not consider TCI state switching with multiple TCI indication, e.g. DCI indication of 2 TCI states, or MAC CE indication of 2 TCI states.
Proposal 1: RAN4 to consider at least the following scenarios for the definition of TCI state switch for UEs supporting multi Rx:
a. Dual PDCCH TCI state indication using MAC CE
b. Dual PDSCH TCI state indication using single DCI
Observation 2: It is not clear the impact of multi RX on the requirements for indicating 2 PDSCH TCI states using 2 DCIs if both switching commands overlap in time.
Proposal 2: RAN4 to evaluate if the requirement impact for dual PDSCH TCI state indication using multiple DCI.
Observation 3: 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.
Proposal 4: RAN4 to evaluate how the known conditions for TCI switching can be updated for the case of simultaneous indication of two TCI states.
Proposal 5: Whether to define DCI-based TCI state switching requirements for both known and unknown conditions remain open until R17 agreements are in place.
Observation 4: TCI state switch delay depends on TL1-RSPR_Measurement_Period_SSB and TL1-RSRP_Measurement_Period_CSI-RS
Proposal 6: Enhancements on L1 RSRP delays should be reflected on TCI state switch delay.
Proposal 7: RAN4 follow RAN1 defined procedures for TCI state pools
[bookmark: _Toc116995849]Proposal 8: RAN4 follow RAN1 defined procedures for active TCI state list update and R17 defined requirements.
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