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In last meeting RAN4 agreed to introduce following RRM requirements for FeMIMO WI. The agreements from last meeting WF [1] are as follows.
· DCI and MAC-CE based TCI switching delay requirements
· DL/UL TCI switching requirements for both joint TCI and separate TCI.
· TCI switching delay requirements for the case when target TCI is associated with one of serving cell or non-serving cell (i.e., cell with different PCI)
· Define requirements at least for Rel-17 TCI state switching framework
· UL TCI state switching delay requirements when target TCI is associated with DL-RS
· Pathloss RS switch delay requirement for beam alignment case
[bookmark: _Hlk78575445]In this contribution, we discuss RRM requirements for unified TCI state switching. 
Discussion
[bookmark: _Toc5952573]Unified TCI framework
Main difference between the legacy TCI state switch framework and the Rel-17 TCI state switch framework is PDCCH and PDSCH are always switched together and they are switched using the same TCI state in Rel-17 unified TCI state switch framework. 
From the RAN1 agreements we can observe that number of physical cell id of at least 1 is agreed and other values are left for further discussion during UE feature group discussion. Due to this we can assume physical cell ids are configured to be 1 for requirements derivation at present.  
With the above assumptions we further look at joint TCI state switch requirements and separate TCI state switch requirements in subsequent sections. 
  Joint TCI state switch requirements
In last meeting RAN4 agreed to define requirements for following type of TCI state switch. 
· DCI based TCI state switch
· MAC-CE based TCI state switch
As per our understanding main difference between legacy and the Rel-17 TCI state switch are introduction of beam application time (BAT) for TCI state switch. Following are the RAN1 agreements regarding the application time. 
	On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the UE can assume that one beam application time (BAT) for a given SCS is configured for all the CCs configured with the common TCI state ID update,
· Note: It was agreed that the BAT associated with the carrier(s) (hence BWP(s)/CC(s)) on which the beam indication applies is determined based on the carrier with the smallest SCS among the carrier(s) (hence BWP(s)/CC(s)) applying the beam indication
· TBD (maintenance): whether a second configured BAT is also supported, e.g. for MPUE or inter-cell BM
· The detailed signalling of the BAT is up to RAN2
· FFS: For CC(s) not configured with a common TCI state ID update




DCI based joint TCI state switching delay
In joint TCI state switching, both DL and UL TCI states are changed, and it is assumed that same DL RS is configured as QCL source for both DL and UL.  
When both DL and UL TCI states are changed, next question that arises is how these two TCI states are changed. Our understanding is DL TCI state switching and UL TCI state switching are performed in parallel. Both DL and UL TCI state switching are performed within beam application time. That means when a TCI switch command is received at slot n, it should be able to receive on the new beam at n + TACK + beam application time (BAT), where the ACK is sent at n + TACK.
Based on the above analysis we make following proposal.
Proposal 1: RAN4 to agree that when a DCI based TCI state switch command is received at UE at slot n, and sends ACK at slot n+TACK, it should be able to receive on the new beam at n+TACK+ TBAT. Where TBAT is signalled by gNB based on the UE capability.
For CA scenario where cross carrier scheduling is assumed same requirements can be applied with one change based on the RAN1 agreement “On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication”
Proposal 2: For CA cross-carrier scheduling, RAN4 to agree that, when a DCI based TCI state switch command is received at slot n, and sends ACK at slot n+TACK, it should be able to receive on the new beam at n+TACK+ TBAT. Where TBAT is signalled by the gNB based on the UE capability and the slot and beam application time are based on the carrier with smallest SCS.
MAC CE based TCI state activation delay requirements
Similar to DCI based TCI state switching, joint TCI state switching based on MAC-CE also changes both DL and UL TCI states. Further it is assumed that same DL RS is configured as QCL source both DL and UL. MAC-CE based joint TCI state switching is applicable when only one TCI state is activated from the RRC configured TCI states.
Since same DL-RS is used, our understanding is MAC-CE based joint TCI state switching also changes DL TCI state and UL TCI state in parallel. Further from the RAN1 agreement “For Rel-17 MAC-CE based beam indication (when only a single TCI codepoint is activated) and activation, it follows the Rel-16 application timeline of MAC-CE activation”, we can re-use the MAC-CE based TCI state switching timeline. 

In Rel-16 TCI state switching considers known TCI state and unknown TCI state. Similarly, we can consider known and unknown TCI state for unified joint state switching too.

Proposal 3: Rel-16 MAC-CE based TCI state switching requirements to be reused for unified joint TCI state switching based on MAC-CE. 

  Separate TCI state switch requirements
Similar to joint TCI state switching framework, separate TCI state switch framework also supports 2 types of TCI state switch method.
· DCI based TCI state switch
· MAC-CE based TCI state switch
Similar to joint TCI state switching, one difference between legacy and Rel-17 TCI state switch are introduction of beam application time for TCI state switch. One more difference is QCL information can be different for DL and UL channels in this case. That means DL RS can be same or different for DL TCI state and UL TCI state. 
From the below RAN1 agreement we can observe that, separate TCI state switch through DCI code point can indicate multiple option of TCI state switches. That means one DCI code point can indicate DL and UL TCI state change or, DL only TCI state change or UL only TCI state change.
	For M=N=1, on Rel-17 unified TCI, for separate DL/UL TCI, one instance of beam indication using DCI formats 1_1/1_2 (with and without DL assignment) can be used as follows: 
· One TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state and UL TCI state.
· One TCI field codepoint represents only a DL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state, and keeps the current UL TCI state.
One TCI field codepoint represents only an UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding UL TCI state, and keeps the current DL TCI state



DCI based separate TCI state switch for DL and UL
In this case of separate TCI state switching, both DL and UL TCI states are changed, and it is assumed that same or different DL RS is configured as QCL source for DL and UL. 
When different QCL is signalled for DL and UL TCI states, next question that arises is how these two TCI states are changed. Our understanding is DL TCI state switching and UL TCI state switching are performed in parallel and as per our understanding network configures single BAT based on the UE capability and it may be the maximum beam switch value between DL and UL TCI state switch. 
As per RAN1, both DL and UL TCI state switching are performed within beam application time. That means when a TCI switch command is received at UE at slot n and sends ACK at n+TACK, it should be able to receive on the new beam at n+TACK+ TBAT  
Based on the above analysis we make following proposal.
Proposal 4: RAN4 to agree that when a DCI based TCI state switch command is received at UE at slot n, and sends ACK at slot n+TACK, it should be able to receive on the new beam at n+TACK+ TBAT. Where TBAT is signalled by gNB based on the UE capability.
For CA scenario where cross carrier scheduling is assumed same requirements can be applied with one change based on the RAN1 agreement “On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication”
Proposal 5: For CA cross-carrier scheduling, RAN4 to agree that, when a DCI based TCI state switch command is received at slot n, and sends ACK at slot n+TACK, it should be able to receive on the new beam at n+TACK+ TBAT. Where TBAT is signalled by the gNB based on the UE capability and the slot and beam application time are based on the carrier with smallest SCS.
MAC CE based TCI state activation delay requirements:
Separate TCI state switching based on MAC-CE can change both DL and UL TCI states. Further it is assumed that same or different DL RS is configured as QCL source for DL and UL.
In our understanding both DL and UL TCI state switch related procedures are performed in parallel. Similar to legacy requirements, starting point should be MAC CE reception and the ending point in our view is the later point of DL or UL TCI state switch. 

Proposal 6: Rel-16 MAC-CE based TCI state switching requirements to be reused for unified separate TCI state switching based on MAC-CE. 

  PL-RS update under TCI framework
In Rel-16, RAN4 defined PL-RS switching delay requirements for pathloss reference signal. In Rel-17, RAN1 introduced unified TCI state framework and included PL-RS under unified TCI state switching framework. That means PL-RS is included in the TCI as QCL source. If the TCI state changes when the PL-RS is included in the TCI state, PL-RS switch also needs to be performed along with TCI state switch. 
Since TCI state switching is performed through DCI and MAC-CE, it implies that PL-RS also performed using DCI and MAC-CE based switching methods. Further under unified TCI state switching framework, PL-RS can be conveyed using separate TCI for UL or through joint TCI state switching.
Since TCI state switch is reason for PL-RS switch, and all other parameters being same, we can assume that PL-RS update requirements shall be same as UL TCI state switching requirements. 
Proposal 7: Requirements for PL-RS update under TCI framework shall use the separate UL TCI state switch requirements/joint TCI state switch requirements. 
TCI switch delay requirements for target TCI is associated with non-serving cell 
In last meeting following WF is agreed
· Re-use existing known conditions for associated DL-RS 
· FFS: Re-use existing MAC-CE based TCI switching delay requirements for DL TCI switching delay requirements for PDCCH and PDSCH 
· Reuse existing MAC-CE based uplink spatial relation switching requirements for UL TCI switching delay as starting points. 
· RAN4 further discuss how to elaborate the wording for “non-serving cell”
In Rel-17 multi TRP, UE need to connect to two TRPs at any time. That means UE may have capability to track both TRPs active TCI state list. Since UE can track active TCI state list of the two TRP, our view is there should not be any difference in delay requirement for serving cell and additional serving cell/non-serving cell.
Proposal 8: RAN4 to agree that TCI switch delay requirements for target TCI is associated with non-serving cell should be same as target TCI is associated with serving cell.
Summary and Conclusion
In this contribution we have analysed RRM requirement for unified TCI state design requirements and made following proposals. 
Proposal 1: RAN4 to agree that when a DCI based TCI state switch command is received at UE at slot n, and sends ACK at slot n+TACK, it should be able to receive on the new beam at n+TACK+ TBAT. Where TBAT is signalled by gNB based on the UE capability.

Proposal 2: For CA cross-carrier scheduling, RAN4 to agree that, when a DCI based TCI state switch command is received at slot n, and sends ACK at slot n+TACK, it should be able to receive on the new beam at n+TACK+ TBAT. Where TBAT is signalled by the gNB based on the UE capability and the slot and beam application time are based on the carrier with smallest SCS.

Proposal 3: Rel-16 MAC-CE based TCI state switching requirements to be reused for unified joint TCI state switching based on MAC-CE.

Proposal 4: RAN4 to agree that when a DCI based TCI state switch command is received at UE at slot n, and sends ACK at slot n+TACK, it should be able to receive on the new beam at n+TACK+ TBAT. Where TBAT is signalled by gNB based on the UE capability. 

Proposal 5: For CA cross-carrier scheduling, RAN4 to agree that, when a DCI based TCI state switch command is received at slot n, and sends ACK at slot n+TACK, it should be able to receive on the new beam at n+TACK+ TBAT. Where TBAT is signalled by the gNB based on the UE capability and the slot and beam application time are based on the carrier with smallest SCS.

Proposal 6: Rel-16 MAC-CE based TCI state switching requirements to be reused for unified separate TCI state switching based on MAC-CE. 

Proposal 7: Requirements for PL-RS update under TCI framework shall use the separate UL TCI state switch requirements/joint TCI state switch requirements. 
Proposal 8: RAN4 to agree that TCI switch delay requirements for target TCI is associated with non-serving cell should be same as target TCI is associated with serving cell. 
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