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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 RAN4 meeting RAN4#110 WF [1]. 
[bookmark: _Toc116995842]Discussion
eUTCI DL switching requirements for multi-DCI scenario
For multi-DCI, in the second last RAN4 meeting RAN4#109 [2] the following was agreed regarding DL TCI state switching:
	Issue 3-1-7-a For mDCI mTRP, how to specify DL TCI state switching requirements for eUTCI if UE not supporting two TAs? 
Agreement: 
· [Known]: THARQ + + TOk*(Tfirst-SSB + TSSB-proc + OL*TSSB)
· [Unknown]: THARQ + + TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc + OL*TSSB) 
· OL=1 if SSB overlaps or adjacent to SSB from other TRP in FR2 and SSB periodicity is less than that of other TRP, 0 otherwise

Issue 3-1-8-a: For mDCI mTRP, how to specify DL TCI state switching requirements for eUTCI if UE supporting two TAs and but not supporting RTD>CP? 
Agreement: 
· [Known]: THARQ + + TOk*(Tfirst-SSB + TSSB-proc + OL*TSSB) 
· [Unknown]: THARQ + + TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc + OL*TSSB) 
· OL=1 if SSB overlaps or adjacent to SSB from other TRP in FR2 and SSB periodicity is less than that of other TRP, 0 otherwise



Agreements achieved in Issues 3-1-7a and 3-1-8a states that when the SSBs which are used for fine time/frequency (T/F) tracking for the two activated downlink DL TCI states are overlapping or adjacent, the UE is not expected to be able to do the T/F tracking for each of the first SSBs after processing the MAC-CEs, but the UE would need an additional delay (SSB periodicity, added in the equations above with the parameter OL=1) to be able to synchronize with both SSBs. This is because the UE may be receiving the two first SSBs from different directions with different panels, and when the UE is not capable of simultaneous reception with two panels, the UE would need to switch the panel to be able to synchronize with both SSBs. When the SSBs are overlapping or adjacent to each other, the UE would not have time to switch the panel so fast that it would be able to measure both SSBs on the first occasion (overlapping or adjacent). Moreover, in mDCI SSB periodicity can be different between the two TRPs and, for that purpose, we agreed that the additional SSB periodicity delay for a TRP is added if such SSB periodicity is less than that of other TRP. This aspect makes sure that, for example as shown in Figure 1 with SSB1 transmitted by TRP1 and SSB2 transmitted by TRP2, if SSB1 periodicity is smaller than SSB2 periodicity, then the UE first does the T/F tracking for SSB2, waits one SSB1 periodicity, and then does the T/F tracking for SSB1, such that the whole TCI switching delay is minimized.
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[bookmark: _Ref158373611]Figure 1. TCI state switching delay in multi-DCI mode with overlapping SSBs and different SSB periodicity.
On the other hand, the current agreements do not yet capture properly the case where the two SSB periodicities are the same. Also, with same SSB periodicity, this additional SSB periodicity is in practice needed for only one of the two TCI switches.
[bookmark: _Toc163501950]Current agreement for MAC CE-based mDCI mTRP TCI switching does not cover the case when the SSB periodicity is the same for both target TCI states. 
[bookmark: _Toc163501951]For mDCI mTRP, in case of DL TCI state switching in FR2, when the SSBs from the two TRPs are adjacent (or overlap) and have the same periodicity, an additional SSB period is added to only one of the two TCI state switching delay.
Several options are possible to define to which TRP / TCI state the additional SSB period should be added, for example:
a) The TCI state associated to the TRP with lowest (or highest) coresetPoolIndex.
b) The TCI state associated to the TRP for which a MAC-CE activation command has been received first.
c) The TCI state QCLed with the SSB for which a higher L1-RSRP has been last reported.
Options a) and b) are very straightforward solutions, whereas c) takes into account the quality of the links between UE and each TRP. 
[bookmark: _Toc163501952]For mDCI mTRP, in case of DL TCI state switching in FR2, when the SSBs from the two TRPs are adjacent (or overlap) and have the same periodicity, adopt at least one of the following options defining which TCI state an additional SSB period should be added to in the switching delay:
· [bookmark: _Toc163501953]The TCI state associated to the TRP with lowest (or highest) coresetPoolIndex;
· [bookmark: _Toc163501954]The TCI state associated to the TRP for which a MAC-CE activation command has been received first;
· [bookmark: _Toc163501955]The TCI state QCLed with the SSB for which a higher L1-RSRP has been last reported.
For example, we could include the option using the coresetPoolIndex as follows (highlighted in yellow) in 38.133.

	<Start of Change #1>
8.22.3 MAC-CE based downlink TCI state switch delay
If the MAC-CE from two TRPs indicating TCI state switch are not overlapped, requirements specified in clause 8.15.3 are applicable for each target TCI state switch.  
The requirements in this clause shall apply for DL TCI state switch using separate DL TCI state or joint TCI state of unified TCI state switch framework. 
In case of joint TCI state switch, if the target PL-RS is not maintained, UE is not expected to receive on DL based on the target TCI state before UE completes the DL and UL TCI state switch.
If the target TCI state is known, 
- 	If the UE is not configured with 2 TAs, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive UE-dedicated PDCCH/PDSCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+ THARQ + + TOk*(Tfirst-SSB + TSSB-proc+ OL*TSSB) / NR slot length.
-	If the UE is configured with 2 TAs in FR1 or configured with 2 TAs in FR2 and doesn’t support RTD>CP, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive UE-dedicated PDCCH/PDSCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+ THARQ + + TOk*(Tfirst-SSB + TSSB-proc+ OL*TSSB) / NR slot length. 
-	The UE shall be able to receive UE-dedicated PDCCH/PDSCH with the old TCI state until slot n+ THARQ +  where THARQ (in slot) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3];
-	Tfirst-SSB is the time to the first SSB transmission after MAC CE command is decoded by the UE; The SSB shall be the QCL-TypeA or QCL-TypeC to target TCI state
-	TSSB-proc = 2 ms; 
-	TOk  = 0 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, otherwise TOk = 1;
	OL =1 if the SSB overlaps or is adjacent to the SSB from the other TRP in FR2 and the SSB periodicity is less than that of the other TRP, ; OL=1 if the SSB overlaps or is adjacent to the SSB from the other TRP in FR2 and the SSB periodicity is the same than that of the other TRP and the SSB is associated to the TRP with the lowest coresetPoolIndex; OL = 0 otherwise
If the target TCI state is unknown, 
· If the UE is not configured with 2 TAs, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive UE-dedicated PDCCH/PDSCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+ THARQ + + (TL1-RSRP +TOuk*(Tfirst-SSB+ TSSB-proc+ OL*TSSB)) / NR slot length. 
· If the UE is configured with 2 TAs in FR1 or configured with 2 TAs in FR2 and doesn’t support RTD>CP, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive UE-dedicated PDCCH/PDSCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+ THARQ + + (TL1-RSRP +TOuk*(Tfirst-SSB+ TSSB-proc+ OL*TSSB)) / NR slot length. 
· The UE shall be able to receive UE-dedicated PDCCH/PDSCH with the old TCI state until slot n+ THARQ +  .
Where 
-	T L1-RSRP = 0 in FR1 or when the TCI state switching not involving QCL-TypeD in FR2. Otherwise, 
-	T L1-RSRP is the time for Rx beam refinement in FR2, defined as
-	TL1-RSPR_Measurement_Period_SSB for SSB as specified in clause 9.5.4.1, when receive timing difference is within CP, 
-	with the assumption of M=1
-	with TReport = 0
-	TL1-RSRP_Measurement_Period_CSI-RS for CSI-RS as specified in clause 9.5.4.2, when receive timing difference is within CP
-	CSI-RS based L1-RSRP measurement only apply for TCI state switch when source RS is associated with serving cell
-	configured with higher layer parameter repetition set to ON 
-	with the assumption of M=1 for periodic CSI-RS
-	for aperiodic CSI-RS if number of resources in resource set at least equal to MaxNumberRxBeam
-	with TReport = 0
Editor’s note: FFS the L1-RSRP measurement requirement when RTD>CP.
-	TOuk = 1 for CSI-RS based L1-RSRP measurement, and 0 for SSB based L1-RSRP measurement when TCI state switching involves QCL-TypeD
-	TOuk = 1 when TCI state switching involves other QCL types only
-	Tfirst-SSB is time to first SSB transmission after L1-RSRP measurement when TCI state switching involves QCL-TypeD; 
-	Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE for other QCL types;
-	The SSB shall be the QCL-TypeA or QCL-TypeC to target TCI state 
<End of Change #1>



eUTCI UL switching requirements for multi-DCI scenario
For multi-DCI, in the last RAN4 meeting RAN4#110 [1] the following issues were discussed regarding UL TCI state switching:
	Issue 2-1-4-a: For mDCI mTRP, how to specify UL TCI state switching requirements for eUTCI if UE supporting two TAs and but not supporting RTD>CP? 
<Way forward >
· Option 1
· Known case: THARQ +  + TOk-ref (Tfirst-SSB-DLRef + 2ms)+NM*( Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms)
· Unknown case: THARQ +  + TL1-RSRP + TOuk-ref (Tfirst-SSB-DLRef + 2ms)+ Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms
· Option 2
· Known case: THARQ +  + NM*( Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms)
· Unknown case: THARQ +  + TL1-RSRP +  Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms
· Option 3 
· RAN4 shall discuss which reference signal is considered as the one associated with the UL/joint TCI state, and whether it can be assumed that the associated reference signal is always monitored by UE.
· Option 4
· Make a down-selection from the three options for separate UL TCI state switching in mDCI mTRP:
· Option 1: Add additional time for T/F tracking for separate TCI state switching.
· Option 2: Not add additional time for T/F tracking and UE is not mandatory to meet uplink timing requirements for separate TCI state switching.
· Option 3: Align the same rule as joint UL TCI state switching: UE is not expected to transmit on UL based on the target TCI state unless DL TCI state switch has also been activated yet.
· Option 5 
· if PL-RS is maintained, use legacy Rel-17 requirements. If PL-RS is not maintained, add further SSB timing and frequency tracking.

Issue 2-1-4-b: For mDCI mTRP, how to specify UL TCI state switching requirements for eUTCI if UE supporting two TAs and supporting RTD>CP in FR1? 
<Way forward >
· Option 1 
· Known case: THARQ +  + TOk-ref (Tfirst-SSB-DLRef + 2ms)+NM*( Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms)
· Unknown case: THARQ +  + TL1-RSRP + TOuk-ref (Tfirst-SSB-DLRef + 2ms)+ Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms
· Option 2
· Known case: 
· n+ THARQ +  + TOk(Tfirst-SSB + 2ms) + OL *TSSB when PL-RS is maintained
· n+HARQ+ + TOk*TfirstSSB+ Tfirst_PL-RS + 4*TPL-RS +2ms+ OL*TSSB
Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE;
Tfirst_PL-RS is time to first pathloss RS transmission after first SSB transmission for T/F tracking. Tfirst_PL-RS should be larger than 2ms when PL-RS is CSI-RS.
OL=1 if SSB overlaps or adjacent to SSB from other TRP in FR2 and SSB periodicity is less than that of other TRP, 0 otherwise
· Unknown case: 
· No Requirements. 
· Option 3 
· RAN4 shall discuss which reference signal is considered as the one associated with the UL/joint TCI state, and whether it can be assumed that the associated reference signal is always monitored by UE.
· Option 4 
· Make a down-selection from the three options for separate UL TCI state switching in mDCI mTRP:
· Option 1: Add additional time for T/F tracking for separate TCI state switching.
· Option 2: Not add additional time for T/F tracking and UE is not mandatory to meet uplink timing requirements for separate TCI state switching.
· Option 3: Align the same rule as joint UL TCI state switching: UE is not expected to transmit on UL based on the target TCI state unless DL TCI state switch has also been activated yet.
· Option 5 
· if PL-RS is maintained, use legacy Rel-17 requirements. If PL-RS is not maintained, add further SSB timing and frequency tracking.



Regarding the UL TCI state switching, it is still open how to define the requirements for UEs supporting two TAs. At the same time, it has already been agreed in RAN#109 [2] for UEs not supporting two TAs that Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently. We think that Rel-17 requirements should be applied also for UE supporting two TAs, with no longer delay expected.
[bookmark: _Toc163501956]For mDCI mTRP, with UL TCI state switching if UE supports two TAs, Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently, i.e.:
a. [bookmark: _Toc163501957][Known case] THARQ +  + NM*( Tfirst_target-PL-RS  + 4*Ttarget_PL-RS + 2ms) 
b. [bookmark: _Toc163501958][Unknown case]: THARQ +  + TL1-RSRP + Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms


[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: 
Observation 1: Current agreement for MAC CE-based mDCI mTRP TCI switching does not cover the case when the SSB periodicity is the same for both target TCI states.
Proposal 1: For mDCI mTRP, in case of DL TCI state switching in FR2, when the SSBs from the two TRPs are adjacent (or overlap) and have the same periodicity, an additional SSB period is added to only one of the two TCI state switching delay.
Proposal 2: For mDCI mTRP, in case of DL TCI state switching in FR2, when the SSBs from the two TRPs are adjacent (or overlap) and have the same periodicity, adopt at least one of the following options defining which TCI state an additional SSB period should be added to in the switching delay:
-	The TCI state associated to the TRP with lowest (or highest) coresetPoolIndex;
-	The TCI state associated to the TRP for which a MAC-CE activation command has been received first;
-	The TCI state QCLed with the SSB for which a higher L1-RSRP has been last reported.
Proposal 3: For mDCI mTRP, with UL TCI state switching if UE supports two TAs, Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently, i.e.:
a.	[Known case] THARQ +  + NM*( Tfirst_target-PL-RS  + 4*Ttarget_PL-RS + 2ms)
b.	[Unknown case]: THARQ +  + TL1-RSRP + Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms
[bookmark: _Toc116995849]
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