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[bookmark: _Toc116995841]Introduction
In this paper we present Nokia’s views on the extension of the unified TCI framework in Rel 18. As part of this discussion we have Nokia’s views on open issues for further study from the last WF [1], including the expected UE behaviour when performing TCI switch to 2 TCI states whose SSBs overlap in time. As part of this discussion, it is concluded that in overlapping cases the TCI switching delay can be extended by 1 SSB period for FR2, and that adjacent SSB cases do not pose a problem, and no additional delay is necessary. 
[bookmark: _Toc116995842]Discussion
In the last meeting it was discussed whether the two TCI state switches for two TRPs are independent of each other, i.e., if the UE can start to be scheduled with one TCI state although it is still switching a TCI state on the other TRP link. In our view the UE should be able to do this for the following reasons: 
· If only one TCI state is switched, this does not cause interruption to the other TRP link. Therefore, if two TCI states are switched simultaneously and one TCI state switch finishes before the other, the UE should be able to start receiving/transmitting with this TCI state even though the other TCI state switch was not finished yet. 
· It was agreed that simultaneous reception/transmission is not considered in the TCI state switching requirements in the MIMO evo WI, so there is no need for the UE to wait that both switches are completed.
[bookmark: _Toc149943604]TCI state switches on both links are independent from each other, i.e., in the case of switching two TCI states simultaneously, the UE does not need to wait that both of them are finished to be able to start receiving/transmitting with each of them. 
eUTCI requirements for multi DCI scenario
For multi DCI the following issue was agreed in RAN4 #108 bis, with FFS points regarding SSB overlapped or adjacent and whether Rel 17 requirements for UE supporting RTD>CP apply [1]:
	
Issue 4-1-3: For mDCI mTRP, how to specify RRM requirements for eUTCI if UE cannot support simultaneous DL reception in FR2? 
Agreement: 
For mDCI mTRP, RRM requiements: eUTCI if UE cannot support simultaneous DL reception in FR2?
· For UEs doesn’t have the capability of supporting two TAs, Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently
· For UEs has the capability of supporting two TAs and not capable to support RTD > CP Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently
· FFS on requirement if the SSB are overlapped or adjacent. 
· If the RTD is less than CP, reuse L1-RSRP in 9.5 for serving cell and 9.13 for additionalPCI.
· FFS on requirements for UEs with capability of supporting two TAs and capable to support RTD > CP



During the discussion in RAN4 #108bis it was left FFS whether different requirements are needed when the SSBs are overlapping or adjacent. In Rel 17, the requirements for MAC CE active list update delay with different PCI include the case of overlapping SSBs. In the case of TRPs with different PCI, it is possible that SSBs are overlapping in time, and the UE would not be able to perform T/F sync to those overlapping SSBs. The same may happen in the eUTCI requirements in inter-cell scenario, therefore some extension on the TCI switching or MAC CE activation delay has to be considered so that the UE has time to do T/F in the next SSB occasion. 
For the case of unknown TCI states, L1-RSRP measurement period is included in the delay. This may be SSB or CSI-RS based. In case L1-RSRP measurements for both TCI states are based on SSBs, the SSBs may be overlapping during the measurement as well. In this case, an additional L1-RSRP measurement period would be needed as well.
[bookmark: _Toc149943605]For multi DCI scenario in FR2, when both target TCI states are known or if one TCI state is known and one is unknown, MAC CE based switching and MAC CE active list update delay can be extended by 1 SSB period if SSB of both target TCI states are overlapped. 
[bookmark: _Toc149943606]For multi DCI scenario in FR2, when both target TCI states are unknown, and L1-RSRP for both target TCI states is SSB based, MAC CE based switching and MAC CE active list update delay can be extended by 1 SSB period and 1 L1-RSRP period, if SSB of both target TCI states are overlapped.
In order to increase efficiency of the TCI switch, some simple approach can be used for avoiding T/F synchronization. In some practical deployments, a TRP may use wider beams for transmitting SSBs than it would be using for CSI-RS. Therefore, there may be several TCI states that share the same SSB for QCL-A or QCL-C reference signals and use a different CSI-RS as QCL-D reference signal. As a result, it is possible that when the UE is switching to a new TCI state, that TCI state is configured with a SSB that is configured for another previously active TCI state. This type of information is currently not used for the TCI switching requirements, which only consider if a TCI state was previously activated in order to decide whether T/F synchronization can be avoided. 
[bookmark: _Toc149943607]Even if a target TCI state is not in the active list of TCI states, additional TCI switching delay can be avoided by considering SSB of TCI states that are already active. 
[bookmark: _Toc149943608]For multi DCI scenario, no T/F synchronization is needed if the target TCI state have QCL relationship with a RS of a TCI state in the active list of TCI states or if the target TCI state is in the active list of TCI states.
It has been brought up in the last RAN4 meeting, that the UE would need some time to switch panels in case it is monitoring SSBs from different TRPs. It was brought up that the UE would not be able to synchronize with adjacent SSBs, since it would not have time to switch the panels in between. There was some discussion about the time that the UE would need between the SSBs to switch the panel, but no agreement. It was only agreed that in the case of adjacent SSBs, the UE would be allowed an additional delay. While we understand the concern, we think it is important that RAN4 clearly defines how long time is needed for the panel switch and furthermore, what does “adjacent SSBs” exactly mean. Furthermore, we would like to avoid unclear definitions such as “a longer delay is expected” in this case, since this in practice means no requirements. One SSB periodicity can be added when needed, but the conditions when this applies needs to be clearly defined.
[bookmark: _Toc149943609]RAN4 to agree on a clear definition of what “adjacent SSBs” means, i.e. how long time is needed in between the SSBs so that the UE can synchronize with both.
[bookmark: _Toc149943610]Define the MAC-CE based TCI state switching and active TCI state list update delay clearly also in the case UE cannot synchronize with the SSB on the first occasion (i.e. when the SSBs are overlapping or “adjacent”).  Additional SSB can be added in the TCI state switching delay in this case for m-DCI.
Another aspect that was not discussed so far in MIMO evo is about the independency of TCI switching for DCI-based requirements. It has been agreed in multi Rx that TCI switching with one CORESTEpoolIndex does not cause interruptions on TCI states with another CORESETpoolIndex. 
[bookmark: _Toc146740402][bookmark: _Toc149943611]In mDCI scenario, TCI switching with one CORESETpoolindex does not cause interruptions on TCI states with another CORESETpoolindex. 

eUTCI requirements for single DCI scenario
For single DCI the following issues were agreed in RAN4 #108 bis [1]:
	Issue 4-1-5: For sDCI mTRP if dual TCI state is switched, if UE cannot support simultaneous DL reception in FR2, how to specify MAC CE based dual TCI state switch the switching delay requirements for Case 1? 
Agreement: 
For sDCI, MAC CE based dual TCI state switch the switching delay requirements for Case 1:
MAC CE based dual TCI state switch requirement: 
FR1 and FR2 (SSB are not adjacent):
· DL: THARQ +  + max{TOk1*(Tfirst-SSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)} / NR slot length

FR2 (SSB are adjacent):
·  Longer delay is expected or one SSB period extension is needed. 

UL MAC CE based dual TCI state switch requirement:
PL-RS are not overlapped or adjacent: 
· UL:
· THARQ +  + max{NM1* (Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms), NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS 2+ 2ms) } / NR slot length
PL-RS (CSI-RS is used as PL-RS) are overlapped or adjacent:
· No requirements.

Issue 4-1-6: For sDCI mTRP if dual TCI state is switched, if UE cannot support simultaneous DL reception in FR2, how to specify MAC CE based dual TCI state switch the switching delay requirements for Case 2? 
Agreement: 
MAC CE based dual TCI state switch requirement: 
FR1 and FR2 (SSB are not adjacent):
· DL:
· THARQ +  + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TOk2*(Tfirst-SSB2+ TSSB-proc)} / NR slot length; TL1-RSRP1, TOuk1, and Tfirst-SSB1 related to the unknown state and TOk2, and Tfirst-SSB2 related to the known state
FR2 (SSB are adjacent):
·  Longer delay is expected or one SSB period is needed. 
FFS on whether to define additional requirements if UE received PDSCH from single TRP. 

UL MAC CE based dual TCI state switch requirement:
PL-RS are not overlapped or adjacent: 
· THARQ +  + max{ TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, NM2* (Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS 2+ 2ms) } / NR slot length; TL1-RSRP1, Tfirst_target-PL-RS1, related to the unknown state and NM2, and Tfirst_target-PL-RS2 to the known state
PL-RS (CSI-RS is used as PL-RS) are overlapped or adjacent:
· No requirements.

Issue 4-1-7: For sDCI mTRP if dual TCI state is switched, if UE cannot support simultaneous DL reception in FR2, how to specify MAC CE based dual TCI state switch the switching delay requirements for Case 3? 
Agreement: 

MAC CE based dual TCI state switch requirement: 
FR1 and FR2 (SSB are not adjacent):
· THARQ +  + max{TL1-RSRP1 +TOuk1*(Tfirst-SSB1+ TSSB-proc), TL1-RSRP2 +TOuk2*(Tfirst-SSB2+ TSSB-proc)} / NR slot length
FR2 (SSB are adjacent):
·  Longer delay is expected or one SSB period is needed. 
FFS on whether to define additional requirements if UE received PDSCH from single TRP. 
UL MAC CE based dual TCI state switch requirement:
PL-RS are not overlapped or adjacent: 
· THARQ +  + max{ TL1-RSRP1 + Tfirst_target-PL-RS1 + 4*Ttarget_PL-RS1 + 2ms, TL1-RSRP2 + Tfirst_target-PL-RS2 + 4*Ttarget_PL-RS2 + 2ms } / NR slot length
PL-RS (CSI-RS is used as PL-RS) are overlapped or adjacent:
· No requirements.




For single DCI a similar discussion has taken place regarding UE behavior when SSB of 2 target states are adjacent in time. The difference between multi-DCI and single-DCI is that in single-DCI scenario both TCI states are activated with the same MAC-CE, whereas in multi-DCI scenario separate MAC-CEs are used. Regardless of this difference, for single DCI, the same analysis as we have made for mDCI apply, meaning:
· The definition of “adjacent” needs to be clear.
· The delay needs to be clearly defined in this case i.e. avoid defining “longer delay is expected”
[bookmark: _Toc149943612]In s-DCI, in the case UE cannot synchronize with both SSBs on the first occasion (i.e. when the SSBs are “adjacent”), additional SSB can be added in the MAC-CE based TCI state switching and active TCI state list update delay. Definition of adjacent is FFS.
[bookmark: _Toc149943613]For single DCI scenario, no T/F synchronization is needed if the target TCI state have QCL relationship with a RS of a TCI state in the active list of TCI states or if the target TCI state is in the active list of TCI states.

[bookmark: _Toc116995848]Conclusion
In this paper we present Nokia’s views on the RRM requirements for the extension of the unified TCI framework in Rel 18. As part of the discussion, we have reached the following observations and proposals: 
Proposal 1: TCI state switches on both links are independent from each other, i.e., in the case of switching two TCI states simultaneously, the UE does not need to wait that both of them are finished to be able to start receiving/transmitting with each of them.
Proposal 2: For multi DCI scenario in FR2, when both target TCI states are known or if one TCI state is known and one is unknown, MAC CE based switching and MAC CE active list update delay can be extended by 1 SSB period if SSB of both target TCI states are overlapped.
Proposal 3: For multi DCI scenario in FR2, when both target TCI states are unknown, and L1-RSRP for both target TCI states is SSB based, MAC CE based switching and MAC CE active list update delay can be extended by 1 SSB period and 1 L1-RSRP period, if SSB of both target TCI states are overlapped.
Observation 1: Even if a target TCI state is not in the active list of TCI states, additional TCI switching delay can be avoided by considering SSB of TCI states that are already active.
Proposal 4: For multi DCI scenario, no T/F synchronization is needed if the target TCI state have QCL relationship with a RS of a TCI state in the active list of TCI states or if the target TCI state is in the active list of TCI states.
Proposal 5: RAN4 to agree on a clear definition of what “adjacent SSBs” means, i.e. how long time is needed in between the SSBs so that the UE can synchronize with both.
Proposal 6: Define the MAC-CE based TCI state switching and active TCI state list update delay clearly also in the case UE cannot synchronize with the SSB on the first occasion (i.e. when the SSBs are overlapping or “adjacent”).  Additional SSB can be added in the TCI state switching delay in this case for m-DCI.
Proposal 7: In mDCI scenario, TCI switching with one CORESETpoolindex does not cause interruptions on TCI states with another CORESETpoolindex.
Proposal 8: In s-DCI, in the case UE cannot synchronize with both SSBs on the first occasion (i.e. when the SSBs are “adjacent”), additional SSB can be added in the MAC-CE based TCI state switching and active TCI state list update delay. Definition of adjacent is FFS.
Proposal 9: For single DCI scenario, no T/F synchronization is needed if the target TCI state have QCL relationship with a RS of a TCI state in the active list of TCI states or if the target TCI state is in the active list of TCI states.
[bookmark: _Toc116995849]
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