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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.
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
Inter-cell beam management 
· RAN4 needs to specify the intra-frequency L1-RSRP measurement requirements for non-serving cells 
· RAN4 needs to specify the intra-frequency L1-RSRP measurement accuracy requirements for non-serving cells 
· For non-serving L1-RSRP measurement of single panel FR2 UE, requirements will be applied if UE only measure L1-RSRP from one single cell at a time. 
· To guarantee UE’s mobility performance, RAN4 shall agree that PCell/PSCell’s L3-RSRP measurement delay shall not be impacted by NSC measurements. FFS UE measurement behaviour for L1-RSRP.
· [bookmark: _Hlk85704244]RAN4 will further study if UE only performs L1-RSRP measurements on the identified non-serving cell(s) 
QCL definition 
· RAN4 will further study QCL definition update for PUCCH and PUSCH in applicability of requirements
[bookmark: _Hlk78575445]In this contribution, we discuss RRM requirements for unified TCI state design requirements. 
Discussion
[bookmark: _Toc5952573]Unified TCI framework
Before going to discuss the unified TCI state switch requirements, we first look at the legacy TCI state switching requirements design briefly and then compare main difference of unified TCI state design w.r.t legacy TCI state switch design and thereby derive unified TCI framework requirements. 
Legacy TCI state switch has following delay components:
· Processing time of beam indication message. Following types of beam indication messages are possible in Rel-16
· DCI based 
· MAC-CE based
· RRC based (When only one TCI state is configured)
· HARQ feedback time
· When MAC-CE and RRC based TCI state switch are used. 
· QCL application time/fine timing acquisition/SSB processing time. Based on the mode of switch following are possible
· DCI based TCI state switch method
· DCI has only QCL application time as it is expected that active TCI states are already tracked.
· Only known TCI state is applicable to switch through this method.
· MAC-CE based method
· PDCCH was used to switch using this method
· Requirements for known and unknown TCI state switching are defined. 
· Based on TCI state is known or unknown L1-RSRP report is needed in the delay requirements design
· RRC based
· Requirements for known and unknown TCI state switching are defined. 
· Based on TCI state is known or unknown L1-RSRP report is needed in the delay requirements design
Now we look at main differences between legacy TCI state switch framework and unified TCI state switch framework. As per our understanding main difference 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. Another main difference is, in Rel-17 minimum of 2 TCI states are configured through RRC. 
Based on the above analysis we make following observation and proposal.
Observation 1: PDCCH and PDSCH are always switched together and they are switched using the same TCI state in Rel-17 unified TCI state switch framework.
Observation 2: Minimum of 2 TCI states are configured through RRC.
Proposal 1: RRC based TCI state switch is not possible under Rel-17 unified TCI state switch framework.
From below RAN1 agreement, we can observe that for joint and separate DL/UL TCI, DL QCL properties are similar to Rel-15 or Rel-16 and similarly for joint DL/UL TCI, UL spatial filter is derived from the RS of DL QCL Type D. 
On Rel.17 unified TCI framework:
· For joint and separate DL/UL TCI, DL large scale QCL properties are inferred from one (qcl-Type1) or two RSs (qcl-Type1 and qcl-Type2) analogous to Rel.15/16
· [bookmark: _Hlk85533598]For joint DL/UL TCI, UL spatial filter is derived from the RS of DL QCL Type D 

However, from the following RAN1 agreement we can observe there are enhancements w.r.t number of TCI states and cell ids that can be configured in the activated TCI state list.
On Rel-17 beam indication enhancements for inter-cell beam management, the supported number of physical cell IDs different from that of the serving cell that are associated with activated TCI states for the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) will be decided as a part of UE feature discussion.
· Decide in conjunction with inter-cell mTRP, where the candidate value(s) include at least 1

From the above 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.  
Proposal 2: Rel-17 unified TCI state requirement design to start with number cell ids that are configured in TCI state to be 1 till the UE feature discussion concludes.
With the above assumptions further look at joint TCI state switch requirements and separate TCI state switch requirements in subsequent sections. 
  Joint TCI state switch requirements
From RAN1 agreement below, we can observe that similar to legacy TCI indication framework, RRC configures larger set of TCI states.
	On Rel.17 unified TCI framework, for Rel-17 unified TCI, the largest number of configured TCI states is given as follows (following Rel-15/16 principles): 
· When a UE is configured with joint DL/UL TCI: the largest number of configured TCI states for joint DL/UL TCI state update is 128 per BWP per CC
· Further discuss and decide in RAN1#106bis-e when a UE is configured with separate DL/UL TCI



Similar to legacy framework, MAC-CE can indicate up to 8 activated TCI states from the larger set of RRC configured TCI states. Further DCI can indicate the active state TCI to use from the activated set of TCI states indicated through MAC-CE. 
In some cases, from the RRC configured TCI states, only one TCI state can be indicated by MAC-CE as activated TCI states. In this case MAC-CE can directly indicate the active TCI state switch.
From the analysis above, we can observe that for joint TCI state switch 2 types of TCI state switches are possible
· DCI based TCI state switch
· MAC-CE based TCI state switch
As per our understanding main difference between legacy and unified TCI state switch are introduction of application time for TCI state switch. Following are the RAN1 agreements regarding the application time. 
	On the beam application time for Rel.17 DCI-based beam indication, the beam application time can be configured by the gNB based on UE capability
•	Support a UE capability for the minimum value of beam application time

On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot that is at least X ms or Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
•	Note: The gap between the last symbol of the beam indication DCI and that first slot shall satisfy the UE capability

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. 
· 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




As per RAN1 agreements, beam application time will be UE capability and the capability is not yet defined in RAN1. Our understanding is application time is also configurable based on the UE capability. 
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 both DL and UL. We should note that for joint TCI state switching different DL RS is not possible as QCL source. 
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 in within 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+ application time.
Based on the above analysis we make following proposal.
Proposal 3: RAN4 to agree that when a DCI based TCI state switch command is received at slot n, it should be able to receive on new beam at n + application time. Where application time is 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 4: For CA cross-carrier scheduling, RAN4 to agree that, when a DCI based TCI state switch command is received at slot n, it should be able to receive on new beam at n + application time. Where application time is UE capability, and the slot and application 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.
Similar to DCI based TCI state switching, 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 5: 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, RRC configures large set of TCI states (which may be same or different from the joint TCI states configured) and MAC-CE can indicate up to 8 activated TCI states from the larger set of RRC configured TCI states. Further DCI can indicate the active TCI state to use from the activated set of TCI states indicated through MAC-CE. 
In some cases, from the RRC configured TCI states, only one TCI state can be indicated by MAC-CE as activated TCI states. In this case MAC-CE can directly indicate the active TCI state switch
From the above analysis we can observe that for separate TCI state switch 2 types of TCI state switch method are possible.
· DCI based TCI state switch
· MAC-CE based TCI state switch
Similar to joint TCI state switching, main difference between legacy and unified TCI state switch are introduction of 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



Separate TCI state switching for DL and UL
As discussed above for separate TCI state switch 2 types of TCI state switch method are possible. They are:
· DCI based TCI state switch
· MAC-CE based TCI state switch

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 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 in within 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+ application time.
Based on the above analysis we make following proposal.
Proposal 6: RAN4 to agree that when a DCI based TCI state switch command is received at slot n, it should be able to receive on new beam at n + application time. Where application time is 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 7: For CA cross-carrier scheduling, RAN4 to agree that, when a DCI based TCI state switch command is received at slot n, it should be able to receive on new beam at n + application time. Where application time is UE capability, and the slot and application are based on the carrier with smallest SCS.
MAC CE based TCI state activation delay requirements:
Similar to DCI based TCI state switching, separate TCI state switching based on MAC-CE also changes 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. MAC-CE based separate TCI state switching is applicable when only one TCI state is activated from the RRC configured TCI states.
Similar to DCI based TCI state switching, MAC-CE based separate 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 separate state switching too.

Proposal 8: Rel-16 MAC-CE based TCI state switching requirements to be reused for unified separate TCI state switching based on MAC-CE. 

Separate TCI for DL
Separate TCI switch for DL is similar to Rel-16 DL TCI state switching. Hence, we feel that Rel-16 DL TCI state switching requirements can be re-used. 
Proposal 9: Separate TCI state switching requirements for DL can re-use the Rel-16 DL TCI state switching requirements.
Separate TCI for UL
Separate TCI switch for UL is similar to Rel-16 UL spatial relation switching. Hence, we feel that Rel-16 spatial relation switch requirements can be re-used. 
Proposal 10: Separate TCI state switching requirements for UL can re-use the Rel-16 UL spatial relation switch requirements.

  PL-RS update under TCI framework
PL-RS update under TCI framework:
· MAC-CE based indication method
· Optionally configure PL-RS is configured with in TCI. If TCI changes PL-RS also changes. 
· Is DCI also there.
· Same as Rel-16 requirements. change of procedure w.r.t Rel-16

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.
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 11: Requirements for PL-RS update under TCI framework shall use the UL TCI state switch requirements. 
Summary and Conclusion
In this contribution we have analysed RRM requirement for unified TCI state design requirements and made following proposals. 
 
Proposal 1: RRC based TCI state switch is not possible under Rel-17 unified TCI state switch framework.
Proposal 2: Rel-17 unified TCI state requirement design to start with number cell ids that are configured in TCI state to be 1 till the UE feature discussion concludes.
Proposal 3: RAN4 to agree that when a DCI based TCI state switch command is received at slot n, it should be able to receive on new beam at n + application time. Where application time is UE capability.
Proposal 4: For CA cross-carrier scheduling, RAN4 to agree that, when a DCI based TCI state switch command is received at slot n, it should be able to receive on new beam at n + application time. Where application time is UE capability, and the slot and application are based on the carrier with smallest SCS.
Proposal 5: Rel-16 MAC-CE based TCI state switching requirements to be reused for unified joint TCI state switching based on MAC-CE. 
Proposal 6: RAN4 to agree that when a DCI based TCI state switch command is received at slot n, it should be able to receive on new beam at n + application time. Where application time is UE capability.
Proposal 7: For CA cross-carrier scheduling, RAN4 to agree that, when a DCI based TCI state switch command is received at slot n, it should be able to receive on new beam at n + application time. Where application time is UE capability, and the slot and application are based on the carrier with smallest SCS.
Proposal 8: Rel-16 MAC-CE based TCI state switching requirements to be reused for unified separate TCI state switching based on MAC-CE. 
Proposal 9: Separate TCI state switching requirements for DL can re-use the Rel-16 DL TCI state switching requirements.
Proposal 10: Separate TCI state switching requirements for UL can re-use the Rel-16 UL spatial relation switch requirements.
Proposal 11: Requirements for PL-RS update under TCI framework shall use the UL TCI state switch requirements. 
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