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1 Introduction
In RAN4#109 meeting, there are some remaining issues regarding to dual TCI state activation. In this contribution, we will further discuss the following issues:
	· L1-RSRP measurement when timing offset larger than CP
· MAC CE based unified TCI activation 


2 Discussion
2.1 Scheduling and measurement restriction in L1-RSRP measurement when timing offset larger than CP
In last meeting, when UE supports RTD>CP capability, it’s still FFS on scheduling/measurement restriction for different SCS and TDD. 
	Issue 3-1-11: L1-RSRP measurement when RTD>CP
Agreement: 
· Define requirements for FR1 for intra/inter-cell.
· For FR1, if UE supports RTD>CP, reuse Rel-17 L1-RSRP measurement period in 9.13 for a cell with different PCI from serving cell, remove the RTD is smaller than CP side condition. Reuse L1-RSRP measurement period in 9.5 for serving cell.
· If UE does not support RTD>CP, for RTD is larger than CP, no requirements.
· FFS on scheduling/measurement restriction for different SCS and TDD.


In legacy Rel-15 simultaneousRxDataSSB-DiffNumerology capability discussion, company mentioned that if UE is equipped with multiple FFT, UE can process data and SSB simultaneously. From our understanding, simultaneousRxDataSSB-DiffNumerology is also related to multiple FFT capability. If UE supports RTD>CP capability but not supports simultaneousRxDataSSB-DiffNumerology capability, UE may still process data with different FFT size since UE is equipped with multiple FFT processor. Therefore, the measurement restriction and scheduling restriction may be further relaxed. 
Taking scheduling restriction as example, if UE supports [RTD>CP capability],
· There are no restrictions on scheduling availability due to L1-RSRP measurement based on SSB as RS for L1-RSRP measurement.
Proposal 1: When UE does not support simultaneousRxDataSSB-DiffNumerology capability but UE supports RTD>CP capability, measurement restriction and scheduling restriction can be further relaxed.
2.2 MAC CE based Unified TCI activation
2.2.1 Joint TCI state activation delay in sDCI
In the agreed WF, for separated TCI state mode, i.e. DL TCI state switch or UL TCI state switch, the maximum delay between two TRPs will be defined. When joint TCI state for two TRPs are activated in sDCI, similarly, the maximum delay between two TRPs will be chosen.
For example, the corresponding requirement in spec will be updated as below:
	8.X1.3	MAC-CE based downlink TCI state switch delay
……
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 of both TRPs.

8.X3.3	MAC-CE based uplink TCI state switch delay
……
In case of joint TCI state switch, UE is not expected to transmit on UL based on the target TCI state before UE completes the DL and UL TCI state switch of both TRPs.



Proposal 2: for sDCI, UE is not expected to receive or transmit on the target TCI state before UE completes the DL and UL TCI state switch of both TRPs.
2.2.2 Scheduling restriction for mDCI
For mDCI, if the requirement is defined per TRP, UE can be scheduled with new PDCCH/PDSCH with new target TCIs state when UE finish the TCI activation for one TCI states. However, since UE is till processing TCI activation for another TCI state. UE may still perform measurement for T/F tracking or Pathloss calculation.
Proposal 3: For mDCI, before UE finish two TCI state activations, UE is not expected to receive or transmit data in conflicting RS which is used for T/F tracking or pathloss calculation. 
2.2.3 UL TCI state switching delay for mDCI when UE not supporting RTD>CP
	Issue 3-1-8-b: 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: 
· Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently
· [Known case] THARQ +  + NM*( Tfirst_target-PL-RS  + 4*Ttarget_PL-RS + 2ms) 
· [Unknown case]: THARQ +  + TL1-RSRP + Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms



In last meeting, it’s agreed that for L1-RSRP measurement, there is no requirement if UE does not support RTD>CP but the actual RTD is larger than CP. Therefore, for TCI activation, the similar principle will be assumed. If UE doesn’t support RTD>CP, the timing offset will be assumed to be less than CP. Then the legacy UL TCI state activation delay requirement will apply.
Proposal 4: For mDCI mTRP, if UE supporting two TAs and but not supporting RTD>CP, legacy UL TCI state activation delay requirement will apply.
2.2.4 UL TCI state switching delay for mDCI when UE supporting RTD>CP
	Issue 3-1-9-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: 
· Rel-17 unified TCI state switching requirements are applicable for each TCI state associated with coresetPoolIndex independently
· [Known case] THARQ +  + NM*( Tfirst_target-PL-RS  + 4*Ttarget_PL-RS + 2ms) 
· [Unknown case]: THARQ +  + TL1-RSRP + Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms



When UE supports two TAs and RTD>CP capability, the DL timing offset between two MTRs may be larger than CP, if the target TCI state of the UL TCI state of another TRP is not in the active TCI state list, UE needs to perform extra DL timing tracking for the target TCI state of another TRP. The DL timing of another TRP will not only be used for UL transmit but also be used for Pathloss calculation or L1-RSRP measurement. 
Proposal 5: For mDCI mTRP, when UE supports two TAs and RTD>CP capability, if the target TCI state of the UL TCI state of another TRP is not in the active TCI state list or QCL-ed, UE needs to perform extra DL timing tracking for another TRP.
When PL-RS is maintained in known case, UE only needs to perform extra T/F tracking where one SSB plus 2 ms is needed. 
When PL-RS is not maintained in known case, we found that the definition of Tfirst-PL-RS needs to be updated. 
Definition of Tfirst-PL-RS
In legacy, Tfirst-PL-RS is defined as the time gap of first PL-RS after MAC CE decoding. When extra DL timing tracking is needed, UE will apply time tracking first and then apply Pathloss calculation. The first PL-RS will be after SSB for T/F tracking. Then Tfirst-PL-RS will be the time gap between first SSB for T/F tracking and first available PL-RS after first SSB.
Proposal 6: For mDCI mTRP, if UE supports two TAs and RTD>CP capability, Tfirst-PL-RS will be the time gap between first SSB for T/F tracking and first available PL-RS after first SSB.
2ms post-processing delay for T/F tracking
	
For option 1, there are two 2ms post-processing time, i.e. 4ms. However, we found that 
2ms processing delay for T/F tracking may have already been included in Tfirst-PL-RS and can be skipped.
UE only need one 2 ms processing delay for PL-RS. Since PL-RS may be based on SSB or CSI-RS, here, we discuss the issue for SSB and CSI-RS respectively. 
· When PL-RS is based on SSB
For example, when PL-RS is not maintained and PL-RS is based on SSB for FR1, the whole procedure is as below：



Figure 1 UL TCI state activation procedure when PL-RS is SSB 

UE will perform T/F tracking based on SSB1 first and need 2ms post-processing time. Then UE will continue to perform pathloss calculation based on SSB2~SSB6 plus 2ms post-processing time. The time gap between SSB 2 and SSB1 is Tfirst-PL-RS. here, Tfirst-PL-RS equals to the periodicity of SSB(TSSB). The minimum SSB periodicity is 5ms and larger than 2ms. During the gap time, UE can finish the post-processing. Then extra 2ms post-processing time for T/F tracking is not required and has already been included in TSSB. 
Observation 1: When PL for L1-RSRP is based on SSB, 2ms post processing time has already been included in SSB periodicity and is not additionally needed.
· When PL-RS or L1-RSRP is based on CSI-RS
If PL-RS or L1-RSRP is based on CSI-RS, if the time gap between first SSB for T/F tracking and first CSI-RS for PL calculation or L1-RSRP measurement is larger than 2ms, 2ms has already been included. If the time gap between first SSB for T/F tracking and first CSI-RS for PL calculation or L1-RSRP measurement is smaller than 2ms, UE will skip the first CSI-RS since DL time tracking is not finished yet. UE will wait for the next first available CSI-RS with time gap larger than 2ms. 



Figure 2 UL TCI state activation procedure when PL-RS is CSI-RS 

As shown in Fig.2, suppose Tfirst_PL-RS is the time gap between the first SSB and the first CSI-RS for PL and the 
time gap needs to be larger than 2ms, then 2ms post-processing time can be included in Tfirst_PL-RS. 
Therefore, the total delay is:
3ms+HARQ+TfirstSSB+ Tfirst_PL-RS + 4*TPL-RS +2ms
where
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.
Besides, similar as DL TCI state switch, when SSB of two TRPs are adjacent, one more SSB may be needed.
Proposal 7: When UE supports two TAs and RTD>CP capability, UL TCI state switch delay for known case is defined as:
When PL-RS is maintained:
n+ THARQ +  + TOk(Tfirst-SSB + 2ms) + OL *TSSB
When PL-RS is not maintained 
n+HARQ+ + TOk*TfirstSSB+ Tfirst_PL-RS + 4*TPL-RS +2ms+ OL*TSSB

where
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
For unknown case, similarly, UE needs to perform DL timing tracking first and then perform RX beam sweeping and possible pathloss calculation. The case is more complex and we prefer not to define requirement for this case.
Proposal 8: When UE supports two TAs and RTD>CP capability, don’t define UL TCI state switch delay requirement for unknown case.
3 Conclusion
In this contribution, we provide the following proposals：
Proposal 1: When UE does not support simultaneousRxDataSSB-DiffNumerology capability but UE supports RTD>CP capability, measurement restriction and scheduling restriction can be further relaxed.
Proposal 2: For sDCI, UE is not expected to receive or transmit on the target TCI state before UE completes the DL and UL TCI state switch of both TRPs.
Proposal 3: For mDCI, before UE finish two TCI state activations, UE is not expected to receive or transmit data in conflicting RS which is used for T/F tracking or pathloss calculation. 
Proposal 4: For mDCI mTRP, if UE supporting two TAs and but not supporting RTD>CP, legacy UL TCI state activation delay requirement will apply.
Proposal 5: For mDCI mTRP, when UE supports two TAs and RTD>CP capability, if the target TCI state of the UL TCI state of another TRP is not in the active TCI state list or QCL-ed, UE needs to perform extra DL timing tracking for another TRP.
Proposal 6: For mDCI mTRP, if UE supports two TAs and RTD>CP capability, Tfirst-PL-RS will be the time gap between first SSB for T/F tracking and first available PL-RS after first SSB.
Observation 1: When PL for L1-RSRP is based on SSB, 2ms post processing time has already been included in SSB periodicity and is not additionally needed.
Proposal 7: When UE supports two TAs and RTD>CP capability, UL TCI state switch delay for known case is defined as:
When PL-RS is maintained:
n+ THARQ +  + TOk(Tfirst-SSB + 2ms) + OL *TSSB
When PL-RS is not maintained 
n+HARQ+ + TOk*TfirstSSB+ Tfirst_PL-RS + 4*TPL-RS +2ms+ OL*TSSB

where
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
Proposal 8: When UE supports two TAs and RTD>CP capability, don’t define UL TCI state switch delay requirement for unknown case.

Microsoft_Visio_Drawing1.vsdx
MAC CE based UL TCI state activation for TRP2
SSB1
T/F tracking
CSI
CSI
CSI
CSI
CSI
5 CSI-RS for Pathloss calculation
Time gap<2ms
End of TCI activation
3ms+HARQ
T_firstSSB
4*TCSI-RS +2ms
n
CSI
T_first_PL-RS
2 ms



image1.emf
MAC CE based UL TCI state 

activation for TRP2

S

S

B

1

T/F tracking

S

S

B

2

S

S

B

3

S

S

B

4

S

S

B

5

S

S

B

6

5 SSB for Pathloss calculation

2 ms

End of TCI activation

3ms+H

ARQ T

_firstSSB

4*T

SSB

 +2ms

n

T

_first_PL-RS 

= T

SSB 

>2ms


Microsoft_Visio_Drawing.vsdx
MAC CE based UL TCI state activation for TRP2
SSB1
T/F tracking
SSB2
SSB3
SSB4
SSB5
SSB6
5 SSB for Pathloss calculation
2 ms
End of TCI activation
3ms+HARQ
T_firstSSB
4*TSSB +2ms
n
T_first_PL-RS = TSSB >2ms



image2.emf
MAC CE based UL TCI state 

activation for TRP2

S

S

B

1

T/F tracking

C

S

I

C

S

I

C

S

I

C

S

I

C

S

I

5 CSI-RS for Pathloss 

calculation

Time gap<2ms

End of TCI activation

3ms+H

ARQ T

_firstSSB

4*T

CSI-RS

 +2ms

n

C

S

I

T

_first_PL-RS

2 ms


