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1. Introduction 
In RAN4#100-e RRM requirements for FeMIMO were discussed was discussed and way forward [1] was agreed. The agreements for unified TCI are:
	Unified TCI 
· Specify TCI switching delay requirements for 
· Joint TCI with UL and DL 
· Separate TCI for UL
· FFS: TCI for DL
· Specify the requirements for PL-RS update under unified TCI framework




In this contribution we present our views on RRM requirements for unified TCI.  
2. Discussion
Requirements for Joint TCI for UL and DL
Joint TCI for UL and DL would be associated with a DL-RS. A joint TCI state switch could be triggered by MAC-CE or DCI. Hence, we should define requirements for both MAC-CE and DCI based switch.
Proposal #1: Define requirements for MAC CE and DCI based joint TCI state switch.
For DL TCI state switching delay requirements we defined a known TCI state. Since the joint TCI state is associated with DL-RS, we can use the known TCI state definition from DL TCI state switching TS 38.133 §8.10.2 for joint TCI. 

	Condition for known joint TCI State
The joint TCI state is known if the following conditions are met:
-  During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target joint TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target joint TCI state or QCLed to the target joint TCI state
-  TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-  The UE has sent at least 1 L1-RSRP report for the target TCI state before the TCI state switch command
-  The TCI state remains detectable during the TCI state switching period
[bookmark: _Hlk18067072]-  The SSB associated with the TCI state remain detectable during the TCI switching period
-  SNR of the TCI state ≥ -3dB
Otherwise, the joint TCI state is unknown.


 
Proposal #2: Define known joint TCI state based on DL TCI state known condition.
With joint TCI state, a combine TCI state for both DL and UL are configured. The TCI state switch would affect both DL reception and UL transmission. The switching delay for joint TCI state should be defined from the slot the MAC-CE or DCI based switch command is received until the UE is able to receive PDSCH/PDCCH and transmit PUCCH/PUSCH with the target TCI state. 
Proposal #3: Define joint TCI state switching delay from the slot switching command is received until UE can receive DL channel or transmit UL channel with target TCI state, whichever is later. 
The switching delay should consider the following:
· Command decoding time or beam application time
· Known/ unknown condition – additional time for RX beam refinement
· Whether target TCI state is in the active TCI list monitored by UE – additional time for TO/FO tracking for DL channels
· Whether PL-RS associated with UL channel is maintained – additional time for path-loss RS activation for UL channels

Proposal #4: Define joint TCI state switching delay based on command decoding time and whether the target TCI state is 
· Known or unknown 
· In active TCI state list
· Associated PL-RS is maintained

MAC-CE based switch
The command decoding time and RX beam sweeping time in case of unknown TCI state is common for UL and DL. Whereas the time for TO/FO tracking and PL-RS measurement/activation are independent for DL and UL channels. In the delay these measurements could be in parallel. 
The time for TO/FO tracking is Tfirst-SSB + TSSB-proc.  Where Tfirst-SSB is the time until first SSB is received after TCI state command is decoded and TSSB-proc is the processing time.
Time for PL-RS measurement is Tfirst_target-PL-RS + 4* Ttarget_PL-RS. Where Tfirst_target-PL-RS is the time until first PL-RS is received after TCI state command is decoded and Ttarget_PL-RS is the PL-RS periodicity.

For known joint TCI state the switching delay for MAC CE based switch can be defined as:
Option 1 (sequential processing): 
THARQ + 3ms + TOk*(Tfirst-SSB + TSSB-proc) + NM*( Tfirst_target-PL-RS + 4* Ttarget_PL-RS + 2ms)
Option 2 (parallel processing): 
THARQ + 3ms + max{TOk*(Tfirst-SSB + TSSB-proc) , NM*( Tfirst_target-PL-RS + 4* Ttarget_PL-RS + 2ms)}
Where TOk = 1 if target TCI state is not in active TCI state list tracked by the UE
NM = 1 if PL-RS associated with the UL channel is not maintained.
If the target TCI state is not in the active TCI list and associated PL-RS is not maintained, then the UE can make these measurements in parallel and option 2 above is suitable to reduce the switching delay. 
Proposal #5: Define MAC CE based joint TCI state switch for known TCI state as: 
THARQ + 3ms + max{TOk*(Tfirst-SSB + TSSB-proc) , NM*( Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)}

When the TCI state is unknown, additional time for RX beam sweep is needed. In addition, time for PL-RS measurement and TO/FO acquisition would also be needed. If the RS for L1-RSRP measurement is SSB, then the time for TO/FO tracking need not be additionally accounted for. 
When joint TCI state is unknown the switching delay for MAC -CE based switch could be defined as:
THARQ + 3ms + TL1-RSRP +max{TOuk*(Tfirst-SSB+ TSSB-proc) , (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)}
Proposal #6: Define MAC-CE based switching delay requirements for unknown joint TCI state as:
THARQ + 3ms + TL1-RSRP +max{TOuk*(Tfirst-SSB+ TSSB-proc) , (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)}

DCI based switch
The beam indication for joint TCI state, could also be DCI based and RAN4 should define requirements for that case. The requirements for DCI based switch are only defined for known TCI state, known timing and maintained PL-RS only, with no additional time for RX beam refinement, time tracking, PL-RS measurement.
Proposal #7: Define requirements for DCI based joint TCI state switching for known target TCI, TCI in active TCI list and maintained PL-RS. 
DCI based beam indication is supported on DCI formats 1_1/ 1_2 with or without DL assignment. The time for beam application is based on UE capability and network indication Y (symbols) after sending the ack for successful reception of DCI.  Hence the DCI based switch for unknown TCI state with known timing and maintained PL-RS case be defined as TACK +Y. Where TACK is THARQ in case of DCI with DL assignment. In case of DCI without DL assignment, TACK = k slots, as described below:
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Proposal #8: Define DCI based joint TCI state switching delay as TACK +Y.  
Requirements for Separate TCI for UL 
The separate TCI for UL could be associated with DL-RS or SRS. This is analogous to UL spatial relation info, for which requirements were defined in 38.133 §8.12. For UL spatial relation switch, requirements were only defined when spatial relation was associated with DL-RS. For separate UL TCI state switch, we have the following options:
Option 1: Define UL TCI state switch requirements when target TCI is DL-RS or SRS
Option 2: Define UL TCI state switch requirements only when target TCI is DL-RS 
When target TCI state is associated with SRS, it is not straightforward to define known condition as the SRS based measurements are on the gNB side. Also, we cannot define a time for UL beam refinement either. Hence, we propose to only define UL TCI state switching requirements associated with DL-RS. 

Proposal #9: Define UL TCI state switching delay requirements when target TCI is DL-RS 

UL TCI State switch associated with DL-RS
Separate UL TCI state switch can be triggered by either MAC-CE or DCI. Hence, requirements should be defined for both MAC -CE and DCI based switch. 
Proposal #10: For UL TCI state switch associated with DL-RS define MAC-CE and DCI based switching delay requirements. 
The known condition, switching delay requirements for MAC-CE based switch could be based on UL spatial relation requirements.  
	Known condition for UL TCI State associated with DL-RS
The UL TCI state associated to DL RS is known if the following conditions are met:
-	During the period from the last transmission of the DL RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of TCI state switch, where the DL RS resource for L1-RSRP measurement is the DL RS in UL TCI state or QCLed to the UL TCI state with QCL type-D.
-	Spatial relation switch command is received within 1280 ms upon the last transmission of the DL RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the TCI stare before the TCI state switch command
-	The DL RS configured in TCI state remains detectable during the TCI state switching period
-	SNR of the DL RS configured in TCI state ≥ -3dB
-	The SSB associated with the TCI state  remain detectable during the TCI state switching period
-	SNR of the SSB associated with the TCI state ≥ -3dB
Otherwise, the UL TCI state is unknown.




Proposal #11: For UL TCI state switch associated with DL-RS define known condition.  
The UL TCI switching delay would
The switching delay should consider the following:
· Command decoding time
· Known/ unknown condition – additional time for RX beam refinement
· Whether PL-RS associated with UL channel is maintained – additional time for path-loss RS activation for UL channels
Proposal #12: Define switching delay for UL TCI state associated with DL-RS based on command decoding time and whether the target TCI state is 
· Known or unknown 
· Associated PL-RS is maintained

MAC CE based switch
For known UL TCI state the switching delay for MAC CE based switch can be defined as:
THARQ + 3ms + NM*(Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)
Where NM=1 when PL-RS is not maintained by UE.
If the UL TCI state is unknown, there is additional delay for RX beam refinement and PL-RS measurement/activation. The switching delay could be defined as:
THARQ + 3ms + TL1-RSRP + (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)
Proposal #12: Define MAC -CE based switching delay for UL TCI state associated with DL-RS as:
THARQ + 3ms + NM*(Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms) for known TCI
THARQ + 3ms + TL1-RSRP + (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms) for unknown TCI

For DCI based switch the requirements are only defined when target UL TCI state is known and PL-RS is maintained, otherwise no requirements are defined. 
Proposal #13: Define requirements for DCI based UL TCI state switching for known target TCI and maintained PL-RS. 
The switching delay for DCI based switch will be the time to transmit ACK and the beam application time, similar to joint TCI state switch. 
Proposal #14: Define DCI based UL TCI state switching delay as TACK +Y for known TCI state associated with DL-RS.   

Requirements for Separate TCI for DL 
Based on the discussion in RAN4#100-e the requirements for separate DL TCI state switch are FFS. We already have defined active TCI state switch requirements applicable to DL channels in Rel-15, where requirements are defined for MAC-CE, DCI and RRC based switch.  The enhancement in Rel-17 to DL TCI state switch is the beam indication enhancements, which impacts DCI based TCI state switch.  
Observation #1: The beam indication enhancements in Rel-17 also impacts DCI based DL TCI state switch. 
For Rel-17 the DCI based DL TCI state switching requirements should be enhanced to include DCI based beam indication is supported on DCI formats 1_1/ 1_2 with or without DL assignment and the new beam application time. DCI based switch are only defined for known TCI state and known timing and the switching delay can be defined as TACK +Y.
Proposal #15: Define DCI based DL TCI state switching delay as TACK +Y for known TCI state. 
3. Conclusion
In this paper, we present our views on RRM requirements for unified TCI. Our observations and proposals are captured below:
Requirements for Joint TCI for UL and DL
Proposal #1: Define requirements for MAC CE and DCI based joint TCI state switch.
Proposal #2: Define known joint TCI state based on DL TCI state known condition.
Proposal #3: Define joint TCI state switching delay from the slot switching command is received until UE can receive DL channel or transmit UL channel with target TCI state, whichever is later. 
Proposal #4: Define joint TCI state switching delay based on command decoding time and whether the target TCI state is 
· Known or unknown 
· In active TCI state list
· Associated PL-RS is maintained

Proposal #5: Define MAC CE based joint TCI state switch for known TCI state as: 
THARQ + 3ms + max{TOk*(Tfirst-SSB + TSSB-proc) , NM*( Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)}

Proposal #6: Define MAC-CE based switching delay requirements for unknown joint TCI state as:
THARQ + 3ms + TL1-RSRP +max{TOuk*(Tfirst-SSB+ TSSB-proc) , (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)}

Proposal #7: Define requirements for DCI based joint TCI state switching for known target TCI, TCI in active TCI list and maintained PL-RS. 
Proposal #8: Define DCI based joint TCI state switching delay as TACK +Y.  
Requirements for Separate TCI for UL 
Proposal #9: Define UL TCI state switching delay requirements when target TCI is DL-RS 

Proposal #10: For UL TCI state switch associated with DL-RS define MAC-CE and DCI based switching delay requirements. 
Proposal #11: For UL TCI state switch associated with DL-RS define known condition.  
Proposal #12: Define switching delay for UL TCI state associated with DL-RS based on command decoding time and whether the target TCI state is 
· Known or unknown 
· Associated PL-RS is maintained

Proposal #12: Define MAC -CE based switching delay for UL TCI state associated with DL-RS as:
THARQ + 3ms + NM*(Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms) for known TCI
THARQ + 3ms + TL1-RSRP + (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms) for unknown TCI

Proposal #13: Define requirements for DCI based UL TCI state switching for known target TCI and maintained PL-RS. 
Proposal #14: Define DCI based UL TCI state switching delay as TACK +Y for known TCI state associated with DL-RS.   
Requirements for Separate TCI for DL 
Observation #1: The beam indication enhancements in Rel-17 also impacts DCI based DL TCI state switch. 
Proposal #15: Define DCI based DL TCI state switching delay as TACK +Y for known TCI state. 
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For beam indication with Rel-17 unified TCl, support DCI format 1_1/1_2 without DL assignment:
e Use ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2
HARQ-ACK codebook:
o Upon a successful reception of the beam indication DCI, the UE reports an ACK
= Note that upon a failed reception of the beam indication DCI, a NACK can be
reported.
=  Fortype-1 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK
codebook is determined based on a virtual PDSCH indicated by the TDRA field in the
beam indication DCI, based on the time domain allocation list configured for PDSCH
=  Fortype-2 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK
codebook is determined according to the same rule for SPS release
o The ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is
indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or
provided dI-DataToUL-ACK or dI-DataToUL-ACK-ForDCl-Format1-2-r16 if the PDSCH-to-
HARQ_feedback timing indicator field is not present in the DCI




