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1 Introduction
In RAN4#110 meeting, there are some remaining issues regarding to dual TCI state activation. In this contribution, we will further discuss the following issues:
	· Scheduling restriction for L1-RSRP measurement when timing offset larger than CP
· MAC CE based unified TCI activation 
· Scheduling restriction for TCI state switch in mDCI


2 Discussion
2.1 Scheduling restriction in L1-RSRP measurement when timing offset larger than CP
	Issue 2-1-8: Scheduling restriction of L1-RSRP measurement when RTD>CP in FR1
<Agreement>:
For serving cell or cell with different PCI from serving cell:
· If UE not support twoTA or UE support twoTAs but not support RTD>CP, the same as legacy.
· If two TA and RTD>CP is supported:
· Scheduling availability of UE performing L1-RSRP measurement with a same subcarrier spacing as PDSCH/PDCCH on FR1：no restriction
· Scheduling availability of UE performing L1-RSRP measurement with a different subcarrier spacing as PDSCH/PDCCH on FR1：
· Option 1: 
· Support simultaneousRxDataSSB-DiffNumerology: no restriction
· not support simultaneousRxDataSSB-DiffNumerology
· The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols and 1 symbol before and after symbols corresponding to the SSB indexes configured for L1-RSRP measurement
· Option 2: 
· no restriction
· Option 3: 
· Support simultaneousRxDataSSB-DiffNumerology: no restriction
· not support simultaneousRxDataSSB-DiffNumerology
· The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols which are overlapped or partially overlapped with SSB symbols configured for L1-RSRP measurement
· For cell with different PCI from serving cell, Scheduling availability of UE performing L1-RSRP measurement in TDD bands on FR1
· Option 1: 
· The UE is not expected to transmit PUCCH/PUSCH/SRS on the same symbols and 1 symbol before or after the OFDM symbols corresponding to the SSB indexes configured for L1-RSRP measurement, where the transmission of PUCCH/PUSCH/SRS may be on serving cell(s) and cell(s) with PCI different from serving cell(s), and restricted symbols may partially or fully overlap with UL symbols
· Option 2: 
· no restriction
· Option 3: 
· The UE is not expected to transmit PUCCH/PUSCH/SRS on the symbols configured for L1-RSRP measurement which are overlapped or partially overlapped with SSB symbols configured for L1-RSRP measurement.




In last meeting, there are some discussions related to RTD>CP capability. The capability is defined in RAN1 FeMIMO and it’s mainly used for two TA. There is also another RTD>CP capability defined in RAN4 for LTM. Here, we would like to trigger discussion about the difference between these two RTD>CP capability.
For RTD>CP capability defined in RAN1(40-2-6), it’s mainly used for two TA. 
	40. NR_MIMO_evo_DL_UL
	40-2-6
	Rx timing difference larger than CP length
	1. Support of the Rx timing difference between the two DL reference timings is larger than CP length
	
	yes
	N/A
	Rx timing difference larger than CP is not supported
	Per FSPC
	n/a
	n/a
	n/a
	
	Optional with capability signaling


It only mentioned that UE will support the RX timing difference between two DL reference timings. It’s possible that UE can just maintain two DL timing used as the reference for two UL timing and the DL timing offset is larger than CP. There is nothing mentioned about whether UE can process two DL signals simultaneously. In other words, it’s not related to simultaneous DL processing capability. Therefore, the capability is not directly related to multiple FFT.
While for RTD>CP capability defined in RAN4(39-1) for LTM, it clearly mentioned that UE can simultaneously perform L1-RSRP measurements for mor than one cell when the max RTD larger than CP, which imply that UE can be equipped with multiple FFTs. This capability is related to simultaneous DL processing capability.
	39.
NR_Mob_enh2
	39-1
	SSB based L1-RSRP measurements for multiple cells with RTD > CP 
	Capability of simultaneous L1-RSRP measurements for more than one cell when the max RTD among the cells on the same frequency layer or in the same active BWP is larger than CP length of the cell on the frequency layer.

	45-1 from RAN1 Rel-18 feature list or 39-2 or 39-2a



Therefore, from our understanding, the two RTD>CP capabilities defined for FeMIMO and LTM is different. Since RTD>CP capability for FeMIMO is not directly related to multiple FFTs, we suggest to use the legacy L3 scheduling restriction as baseline for the case when timing difference can be larger than CP:
· The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols and 1 symbol before and after symbols corresponding to the SSB indexes configured for L1-RSRP measurement
Observation 1:  RTD>CP capabilities defined for FeMIMO and LTM are different.
Proposal 1: When timing offset is larger than CP, the scheduling restriction for different numerology is below:
· The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols and 1 symbol before and after symbols corresponding to the SSB indexes configured for L1-RSRP measurement
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:
	8.21.3	MAC-CE based downlink TCI state switch delay
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 based dual 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.

8.23.3	MAC-CE based uplink TCI state switch delay
The requirements in this clause shall apply for UL TCI state switch using separate UL TCI state or joint TCI state of unified TCI state switch framework and having two indicated TCI-States. 
In case of joint TCI state based dual TCI state switch, UE is not expected to transmit on UL 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 UL TCI state switching delay for mDCI when UE supporting two TA
	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, two DL timing will be used as reference for two UL timing. Since it’s up to UE implementation about how to obtain the DL timing, it’s better to extra consider DL timing acquisition time if the target TCI state of the UL TCI state of another TRP is not in the active TCI state list. 
Proposal 3: For mDCI mTRP, when UE supports two TAs, 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 another TRP.

When PL-RS is maintained in known case, UE needs to perform extra T/F tracking where one SSB plus 2 ms is needed.  
When PL-RS is not maintained in known case, UE still needs to perform extra T/F tracking and but the extra 2 ms may be skipped in some cases. Besides, 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 4: For mDCI mTRP, if UE supports two TAs, 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：



Fig.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 2: 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. 



Fig.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.
Proposal 5: When UE supports two TAs, UL TCI state switch delay for known case is defined as:
When PL-RS is maintained:
n+ THARQ +  + TOk(Tfirst-SSB + 2ms) 
When PL-RS is not maintained 
n+HARQ+ + TOk*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. We are also fine that longer delay is expected.
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 6: When UE supports two TAs, don’t define UL TCI state switch delay requirement for unknown case.

2.2.3 Scheduling restriction for TCI state switch in mDCI
In legacy, when UE is performing measurement, scheduling restriction is defined, e.g. for L1-RSRP, RLM measurement, BFD, CBD, UE will not transmit or received data when conflicting with RS. When UE is performing SSB based T/F tacking, e.g. during HO/SCell activation, interruption is defined that no data transmission is expected. 
For dual TCI state activation for mDCI case in current RAN4 spec, the TCI state switch requirement is defined per TRP. The data scheduling for TCI state activation of single TRP is as below:
· For old TCI state: The UE shall be able to receive UE-dedicated PDCCH/PDSCH with the old TCI state until slot n+ THARQ +  
· For new TCI state: 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
From the above requirement, there is no data scheduling limitation due to possible T/F tracking or PL-RS measurement from another TRP. However, in mDCI case, the two MAC CE may arrive in different time or activation length is different, then the T/F tracking or PL-RS measurement from one TRP may have impact on the data reception of another TRP. 
Next, we will analyze the issue for data transmission with old TCI state and new TCI state respectively.
Data with old TCI state
For mTRP, since the two MAC CE may arrive in different time. As shown in Fig.3, for TRP 1, UE receive MAC CE command at n1 slot, while for TRP2, UE has received earlier command at slot n2 and start to perform measurement for time/frequency tracking or pathloss by SSB or CSI-RS. Then for TRP1, UE can’t receive old data which is overlapped with RSs from TRP2 for FR2 and FR1 with different numerology case. 



Fig.3 data conflicting with RS when two MAC CE arrives at different time
Observation 3: When two MAC CE arrives at different time slot, UE may not receive data with old TCI state which is overlapped with RSs from another TRP within n+ THARQ +  for FR2 and FR1 with different numerology case.
Data with new TCI state
Since the two MAC CE command may arrive at different time or the processing procedure may be different, it’s possible that when TCI state switch for TRP1 has been finished, TCI state switch for TRP2 is still on-going.
The process of two TCI state switch may be different according to several reasons:
· Switch delay is different, e.g known or unknown, T/F tracking, L1-RSRP measurement, pathloss measurement 
· Two commands are received in different time
For example, as shown in Fig.3, two MAC CE based DL TCI state switch command are received simultaneously but the switch delay is different. For TRP1, target TCI is in the active state list, while for TRP2, target TCI state is not in the active state list. After n+3+THARQ, UE has finished TCI state switch for TRP1 but UE will still perform T/F measurement for TRP2, then UE still can’t be scheduled with data when conflicting with RS in FR2 and FR1 different numerology case. Besides, if UE support RTD>CP capability, extra one symbol before and after SSB slot needs to be considered.



Fig.4 data conflicting with RS due to different TCI state process timeline
Similarly, when two MAC CE based UL TCI state switch command are received, it’s possible that UE has finished TCI state switch for TRP1 but UE will still perform pathloss measurement for TRP2. Data scheduling restriction is still needed.
Since TCI state will also include joint mode, therefore, scheduling restriction needs to be considered for T/F measurement and pathloss measurement for both DL and UL. 
In summary, RAN4 needs to discuss the scheduling restriction issue for TCI state activation for mDCI case. There are two solutions:
· Option 1: Define detail scheduling restriction considering many aspects, i.e. FR1 with different numerology, FR2, RTD>CP and RTD<CP.
· Option 2: Define simple and general rule, i.e. UE can’t be scheduled with data from the time when first MAC CE is received until UE finish both TCI state switch. 
For Option 2, it will have impact on the data throughput if data transmission is not allowed during the two TCI state switch period. Therefore, we prefer option 1. 
Since scheduling restriction for L1-RSRP has already been defined in L1-RSRP clause, here, for TCI state activation, we only need to consider scheduling restriction for T/F and pathloss measurement.
The following rule needs to be added into spec for both DL and UL:
	In FR1,
 If UE does not support [two TAs or RTD>CP capability],
For UEs which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability. For UEs which do not support simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to T/F measurement or pathloss measurement based on SSB or CSI-RS.
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on the SSB or CSI-RS symbols used for T/F measurement or pathloss measurement.
 If UE supports [two TAs and RTD>CP capability],
For UEs which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability. For UEs which do not support simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to T/F measurement or pathloss measurement based on SSB or CSI-RS.
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols and 1 symbol before and after symbols corresponding to SSB or CSI-RS symbols used for T/F measurement or pathloss measurement.

In FR2,
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on the SSB or CSI-RS symbols used for T/F measurement or pathloss measurement.



Proposal 7: For mDCI, define scheduling restriction for DL and UL TCI state switch, i.e. The UE is not expected to transmit or receive data on the SSB or CSI-RS symbols used for T/F measurement or pathloss measurement for FR1 with different SCS and FR2.
3 Conclusion
In this contribution, we provide the following proposals：
Observation 1:  RTD>CP capabilities defined for FeMIMO and LTM are different.
Proposal 1: When timing offset is larger than CP, the scheduling restriction for different numerology is below:
· The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on symbols and 1 symbol before and after symbols corresponding to the SSB indexes configured for L1-RSRP measurement
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 mTRP, when UE supports two TAs, 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 another TRP.
Proposal 4: For mDCI mTRP, if UE supports two TAs, Tfirst-PL-RS will be the time gap between first SSB for T/F tracking and first available PL-RS after first SSB.
Observation 2: 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
Proposal 5: When UE supports two TAs, UL TCI state switch delay for known case is defined as:
When PL-RS is maintained:
n+ THARQ +  + TOk(Tfirst-SSB + 2ms) 
When PL-RS is not maintained 
n+HARQ+ + TOk*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.
Proposal 6: When UE supports two TAs, don’t define UL TCI state switch delay requirement for unknown case.
Observation 3: When two MAC CE arrives at different time slot, UE may not receive data with old TCI state which is overlapped with RSs from another TRP within n+ THARQ +  for FR2 and FR1 with different numerology case.
Proposal 7: For mDCI, define scheduling restriction for DL and UL TCI state switch, i.e. The UE is not expected to transmit or receive data on the SSB or CSI-RS symbols used for T/F measurement or pathloss measurement for FR1 with different SCS and FR2.
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