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1. Introduction 
In RAN4#108bis RRM impacts for R18 MIMO evolution were discussed and way forward [1] was agreed.  In this contribution we present our views on RRM requirements for unified TCI framework with mTRP.   
2. Discussion

Multi-DCI based mTRP
For eUTCI requirements for mDCI, the following agreements were captured in [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




Requirements are limited to the case when simultaneous reception is not supported. For mDCI case, both inter-cell and intra-cell scenarios are considered, inter-cell cell scenario, the SSB for L1-RSRP or SSB for TO/FO tracking could be overlapped in FR2. For L1-RSRP measurement, we have the sharing factor to account for overlapping or adjacent SSBs. For TO/FO tracking we need to account for SSB overlapped or adjacent in FR2, which needs extra delay. But this should be for both cases with and without 2TA support. In last meeting we only discussed the case of SSB overlapping or adjacent for the case of 2TA. The extra delay should be considered only for the case when the first SSB needed for TO/FO after decoding the MAC-CE command or after L1-RSRP measurement are overlapping or adjacent, and both have a MAC CE based TCI switch command. The overlapping would only be for inter-cell case, adjacent could be for either inter-cell or intra-cell case. 
Observation #1:  For multi-DCI both intra-cell and inter-cell cases are considered. SSBs could be overlapped or adjacent for both cases with and without 2TA support.
Observation #2:  Need to account for extra delay in case the SSBs are overlapping or adjacent for mDCI irrespective of 2TA support.
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Figure 1: Overlapping SSB from 2 TRPs after independent TCI switch
The delay for the case above should take into account the SSB periodicity of the 2 TRPs, and if the SSB for TO/FO tracking is overlapped. 
Observation #3:  The delay requirement needs to consider and additional SSB period depending on the periodicities of the overlapping SSBs. 

To support 2TA the UE is needs two reference DL timing RS based on which the UE will derive the UL timing which is based on the associated joint/UL TCI state. 
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The UL or Joint TCI state is primarily for the UL beam, hence the requirements in R17 for UL TCI state doesn’t consider time for TO/FO tracking in UL TCI state switch. The TCI state(s) for each coresetPoolIndex are associated with a TAG. The DL reference timing for the CORESET is defined as the first detected path (in time) of the corresponding downlink frame of the reference signal associated with UL/joint TCI state. The UL transmission time is determined by the DL reference timing RS and the UE needs to track the timing on it prior to UL transmission. For UL and joint TCI state switch, the DL reference RS should be in the active DL TCI state list. For joint TCI state, the UE would track the timing since it’s also needed for DL reception. For separate UL TCI state, the UE needs additional time for reference time tracking if the RS. Additional time is not needed if RS in the active TCI state list or it’s QCLed with TypeA or C to a RS in the active TCI state list. 
Observation #4:  For 2TA case UE has 2 TAG and 2 DL reference timing.
Observation #5:  The TCI states(s) for each coresetPoolIndex are associated with a TAG. 
Observation #6:  The UE needs use the DL reference timing for each coresetPoolIndex for UL timing.
Observation #7:  The DL reference timing RS should be in the DL active TCI state list.
Observation #8:  For joint TCI state, the UE would track timing since its needed for DL reception and is already considered in the DL switching requirements.
Observation #9:  For separate UL TCI state switch additional time is needed – if the RS is not in or QCLed to RS in DL active TCI list. 

If RTD > CP is supported with 2TA, then the delay requirement is the same as RTD < CP, but side condition should be updated accordingly.
Observation #10:  For UE supporting RTD>CP, the requirements are the same as RTD<CP, with the side condition of RTD<CP removed. 

Based on the above observations the following requirements need to be introduced:
	Case
	Requirement (per TRP)
	Additional consideration

	Without 2TA
	DL TCI state switch: Same as legacy per TRP, with extension for overlapping/adjacent SSB in FR2
[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
UL TCI state switch: Same as legacy per TRP
	None

	With 2 TA and not supporting RTD>CP
	DL TCI state switch: Same as legacy per TRP, with extension for overlapping/adjacent SSB in FR2
[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
UL TCI state switch: [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 
	None

	With 2 TA and supporting RTD>CP 
	DL TCI state switch: Same as legacy per TRP, with extension for overlapping/adjacent SSB in FR2
[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
UL TCI state switch: [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 
	Remove side condition of RTD<CP



Proposal #1:  For mDCI without 2TA Unified TCI state switching delay: 
DL switch, known case: THARQ + + TOk*(Tfirst-SSB + TSSB-proc) + OL*TSSB
DL switch unknown case: THARQ + +  TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc) + OL*TSSB
UL switch known case: Same as R17
UL switch unknown case: Same as R17

Proposal #2:  For mDCI with 2TA the Unified TCI state switching delay: 
DL switch, known case: THARQ + + TOk*(Tfirst-SSB + TSSB-proc) + OL*TSSB
DL switch unknown case: THARQ + +  TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc) + OL*TSSB
UL switch known case: THARQ +  + TOk-ref (Tfirst-SSB-DLRef + 2ms)+NM*( Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms)
UL switch unknown case: THARQ +  + TL1-RSRP + TOuk-ref (Tfirst-SSB-DLRef + 2ms)+ Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms


Single-DCI based mTRP
For eUTCI requirements for sDCI, the following agreements were captured in [1]:
	Issue 4-1-4: For sDCI mTRP if dual TCI state is switched, if UE cannot support simultaneous DL reception in FR2, whether to define MAC-CE based TCI state switch delay for cases? 
Agreement: 
For sDCI, define requirements for MAC-CE based TCI state switch delay for cases:
· Case1: If both target TCIs are known
· Case 2: If one of target TCIs is unknown and another is known
· Case 3: If both target TCIs are unknown

Issue 4-1-8: Applicability of sDCI mTRP
Agreement: 
Applicability of sDCI mTRP:
· Intra-cell only based on RAN1 conclusion. 

Issue 4-1-9: For sDCI mTRP, whether to specify RRM requirements for RRC based switching delay requirements? 
Agreement: 
· For sDCI mTRP, not specify RRM requirements for RRC based switching delay requirements.




For case1, the following was agreed:
	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.



 
The open issue is how to define requirements for the case with SSBs are adjacent in FR2. Two options were discussed - 
FR2 (SSB are adjacent):
·  Longer delay is expected or one SSB period extension is needed. 
When delay requirements can be explicitly specified, we support defining the requirements, rather than capturing as longer delay is expected, since it doesn’t give any information on the expected delay.
Observation #11:  Stating that longer delay is expected doesn’t provide any information on the expected delay. We should strive to define a delay requirement if feasible.
We propose to extend the delay requirement for case when SSBs are adjacent in FR2.
· THARQ +  + max{TOk1*(Tfirst-SSB1 +AD1*TSSB1+ TSSB-proc), TOk2*(Tfirst-SSB2 +AD2*TSSB2+ TSSB-proc)} / NR slot length
AD1 = 1 if SSBs are adjacent in FR2 and TSSB1 ≤ TSSB2 ; 0 otherwise
AD2 = 1 if SSBs are adjacent in FR2 and TSSB2 < TSSB1 ; 0 otherwise
Proposal #3:  For case 1 extend the delay requirements to account for adjacent SSBs in FR2 as: THARQ +  + max{TOk1*(Tfirst-SSB1 +AD1*TSSB1+ TSSB-proc), TOk2*(Tfirst-SSB2 +AD2*TSSB2+ TSSB-proc)} / NR slot length

For Case 2 the following was agreed: 
	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.



It was discussed in last meeting if we should consider the case when UE received PDSCH from single TRP, in case first TRP TCI state switch is faster. We should define the TCI state switch delay requirements for dual TCI state switch with sDCI for the case when UE is expected to receive from both TRP after the switch.
Proposal #4:  Dual TCI state switch requirements for sDCI are defined for the case when UE is expected to receive from both TCI states/ TRPs after the switch. 
SSB1 is associated with unknown TCI state, SSB2 is associated with known TCI state. If the SSBs are adjacent in FR2, we need to consider the following:
Case 2a: TSSB1  ≤ TSSB2 -> Need to wait for L1-RSRP measurement on SSB1 before time tracking on SSB2, otherwise the L1-RSRP measurement time might be longer. 
Case 2b:  TSSB1  > TSSB2 -> The time tracking on SSB2 can be completed before L1-RSRP measurement on SSB1.

For adjacent SSB in FR2, we could extend the switching delay as follows:
Case 2a: THARQ +  + TL1-RSRP1 +max{TOuk1*(Tfirst-SSB1+ AD1*TSSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)} / NR slot length; 
AD1 = 1 if SSBs are adjacent in FR2 and TSSB1 ≤ TSSB2 ; 0 otherwise
Tfirst-SSB1 /Tfirst-SSB1 are the first SSB after L1-RSRP measurement
Case 2b: THARQ +  + max{TL1-RSRP1 + TOuk1*(Tfirst-SSB1+ TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)} / NR slot length;

Proposal #5:  For case 2 the following delay requirements are introduced:
Case 2a (TSSB1  ≤ TSSB2): THARQ +  + TL1-RSRP1 +max{TOuk1*(Tfirst-SSB1+ AD1*TSSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)} / NR slot length; AD1 = 1 if SSBs are adjacent in FR2 and TSSB1 ≤ TSSB2 ; 0 otherwise
Case 2b (TSSB1  > TSSB2): THARQ +  + max{TL1-RSRP1 + TOuk1*(Tfirst-SSB1+ TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)} / NR slot length;




For case 3 the following was agreed in [1]:

	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 case 3 both target TCI states are unknown. In case the SSBs are adjacent in FR2, it is very difficult to define delay requirements, as L1-RSRP measurement needs to be updated for this case. We propose to capture that lonfer delay is expected if SSBs are adjacent for case 3.
Observation #12:  It is not simple to come up with delay requirements to account for adjacent SSBs in FR2 for case where both TCI sates are unknown.

Proposal #6:  For case 3 with adjacent SSBs, longer delay is expected. 


3. Conclusion
In this paper, we provide our views on open issues on RRM requirements for mTRP extension to unified TCI framework. Our observations and proposals are captured below:

Multi-DCI mTRP
Observation #1:  For multi-DCI both intra-cell and inter-cell cases are considered. SSBs could be overlapped or adjacent for both cases with and without 2TA support.
Observation #2:  Need to account for extra delay in case the SSBs are overlapping or adjacent for mDCI irrespective of 2TA support.
Observation #3:  The delay requirement needs to consider and additional SSB period depending on the periodicities of the overlapping SSBs. 
Observation #4:  For 2TA case UE has 2 TAG and 2 DL reference timing.
Observation #5:  The TCI states(s) for each coresetPoolIndex are associated with a TAG. 
Observation #6:  The UE needs use the DL reference timing for each coresetPoolIndex for UL timing.
Observation #7:  The DL reference timing RS should be in the DL active TCI state list.
Observation #8:  For joint TCI state, the UE would track timing since its needed for DL reception and is already considered in the DL switching requirements.
Observation #9:  For separate UL TCI state switch additional time is needed – if the RS is not in or QCLed to RS in DL active TCI list. 
Observation #10:  For UE supporting RTD>CP, the requirements are the same as RTD<CP, with the side condition of RTD<CP removed. 

Proposal #7:  For mDCI without 2TA Unified TCI state switching delay: 
DL switch, known case: THARQ + + TOk*(Tfirst-SSB + TSSB-proc) + OL*TSSB
DL switch unknown case: THARQ + +  TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc) + OL*TSSB
UL switch known case: Same as R17
UL switch unknown case: Same as R17

Proposal #8:  For mDCI with 2TA the Unified TCI state switching delay: 
DL switch, known case: THARQ + + TOk*(Tfirst-SSB + TSSB-proc) + OL*TSSB
DL switch unknown case: THARQ + +  TL1-RSRP + TOuk*(Tfirst-SSB + TSSB-proc) + OL*TSSB
UL switch known case: THARQ +  + TOk-ref (Tfirst-SSB-DLRef + 2ms)+NM*( Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms)
UL switch unknown case: THARQ +  + TL1-RSRP + TOuk-ref (Tfirst-SSB-DLRef + 2ms)+ Tfirst-PL-RS  + 4*Ttarget_PL-RS + 2ms

Single-DCI mTRP
Observation #1:  Stating that longer delay is expected doesn’t provide any information on the expected delay. We should strive to define a delay requirement if feasible.
Proposal #9:  For case 1 extend the delay requirements to account for adjacent SSBs in FR2 as: THARQ +  + max{TOk1*(Tfirst-SSB1 +AD1*TSSB1+ TSSB-proc), TOk2*(Tfirst-SSB2 +AD2*TSSB2+ TSSB-proc)} / NR slot length
Proposal #10:  Dual TCI state switch requirements for sDCI are defined for the case when UE is expected to receive from both TCI states/ TRPs after the switch. 
Proposal #11:  For case 2 the following delay requirements are introduced:
Case 2a (TSSB1  ≤ TSSB2): THARQ +  + TL1-RSRP1 +max{TOuk1*(Tfirst-SSB1+ AD1*TSSB1 + TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)} / NR slot length; AD1 = 1 if SSBs are adjacent in FR2 and TSSB1 ≤ TSSB2 ; 0 otherwise
Case 2b (TSSB1  > TSSB2): THARQ +  + max{TL1-RSRP1 + TOuk1*(Tfirst-SSB1+ TSSB-proc), TOk2*(Tfirst-SSB2 + TSSB-proc)} / NR slot length;
Observation #2:  It is not simple to come up with delay requirements to account for adjacent SSBs in FR2 for case where both TCI sates are unknown.

Proposal #12:  For case 3 with adjacent SSBs, longer delay is expected. 
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e  For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmission timing takes place
(N1a + Nraomer) x T, before the reception of the first detected path (in time) of the corresponding downlink frame of the

reference signal associated with UL/joint TCI state.




