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Introduction
In RAN4 100e, WF R4-2115355 [1] is agreed. For Unified TCI, the following agreements are achieved.
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
Additionally, based on recent progress in RAN1 on this issue, our view on the Unified TCI framework is provided.

Discussion on RRM requirement impacts of Unified TCI
Unified TCI in a single CC
In last RAN4 meeting it was agreed to specify RRM requirements for joint TCI with UL and DL, and separate TCI for UL, while separate TCI for DL is FFS. 
For the definition of joint TCI and separate TCI, in RAN1 #104e clarifications are made as follows
[bookmark: _Hlk85623105]For M=1:
· DL TCI: The source reference signal(s) (analogous to Rel.15, two, if qcl_Type2 is configured in addition to qcl_Type1) in the DL TCI provides QCL information at least for UE-dedicated reception on PDSCH and all of CORESETs in a CC 
For N=1:
· UL TCI: The source reference signal in the UL TCI provides a reference for determining UL TX spatial filter at least for dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC
For M=N=1:
· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter.  
· Separate DL/UL TCI: The DL TCI and UL TCI are distinct (therefore, separate).

So far RAN1 have only agreed to use CSI-RS for BM and CSI-RS for tracking as the source RS for joint TCI and separate DL-only TCI. For (M,N) other than (1,1), RAN1 also made conclusion as ‘no consensus to support in R17’. On the other hand, RAN4 have specified RRM requirements for TCI switching in R15 and spatial relation switch in R16, while the source RSs are also DL RSs. The identified differences are following aspects.
Firstly, regarding separate TCI, it is already agreed in RAN1 that it can indicated as a TCI state pair in a codepoint. The RAN1 105e agreements is as follows. Such codepoint should be activated by MAC CE in our understanding.
Agreement
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.

The beam indication is still based on the active TCI list, which is indicated by MAC CE from candidate list (i.e. pool) configured RRC, i.e. the same mechanism as R15/16 is re-used. Therefore, RAN4 would need to further discuss requirements on activation of a separate TCI state by RRC or MAC CE, or change of the active TCI list by MAC CE, while the separate TCI state contains 1 DL TCI and 1 UL TCI. In this case, the activation would need to consider two R16 UE behaviour, i.e. TCI state switch and spatial relation switch, completed in either parallel or sequential order. Note that for the case of UL-only TCI state or DL-only TCI state, legacy R15/R16 requirements can be re-used.
Proposal 1  Regarding the separate TCI state specified in R17, RAN4 further specify requirements for MAC-CE/RRC based TCI state-pair indication and MAC-CE based TCI state-pair list update, considering such one TCI state-pair containing 1 DL TCI and 1 UL TCI.
Secondly, for UL TCI in the separate TCI, it is agreed that BM-SRS can be considered as the source RS. Similar situation happened in R16 RRM enhancement WI. In that time, for spatial relation switching, requirements were specified only for the case DL RS as source RS. In other word there is no requirements if the source RS is BM-SRS. In R17, the urgency for specifying requirements for the case when source RS is UL RS, is still not strong. Therefore, for UL TCI, R17 requirements are only specified for the case when DL RS is considered as the source RS.
Proposal 2  For UL TCI in the separate TCI, R17 requirements are only specified for the case when DL RS is considered as the source RS.
Thirdly, for joint TCI, in our understanding it means one source RS is considered as spatial QCL reference for both DL and UL. In this case, the activation/indication of such TCI state via MAC CE or RRC, or update of the active TCI list, may also need to considered. Further details can be further discussed, such as whether one SSB is needed for fine tracking, and how to specify the known condition for this joint TCI, etc.
Proposal 3  Regarding joint TCI specified in R17, RAN4 further specify requirements for MAC-CE/RRC based TCI state indication and MAC-CE based TCI state list update.
At last, regarding the configuration of TCI state list, in our understanding, joint TCI and separate TCI are configured via RRC signalling, based on conclusion in RAN1 #105e cited below:
Conclusion
On Rel-17 unified TCI framework, for a UE configured with both joint TCI and separate DL/UL TCI, configuration of joint TCI or separate DL/UL TCI is based on RRC signaling
· There is no consensus in RAN1 on how to support dynamic switching (either MAC-CE or codepoint based)

Observation 1  No consensus in RAN1 to support dynamic switching between joint TCI and separate TCI in R17.
Therefore, we think RAN4 do not need to consider to specify any requirements for DCI or MAC-CE based switching between joint TCI to separate TCI.
Common TCI state for CA
In R17, regarding this unified TCI, it is agreed to support common TCI state indication across CCs. For this case, the applicability such common TCI state is mainly for information about QCL-D or UL TX spatial filter. Therefore, RAN4 may need to further discuss the known condition and the corresponding timeline requirements for such TCI state indication, while the QCL-D or UL TX spatial filter is determined by a source RS in another CC. Furthermore, RAN1 has achieved the following agreements, which in our view would have impact on the switching delay requirements.
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.
· 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
· How to capture this in the specifications is up to the editors

Proposal 4  Regarding common TCI state for CA, RAN4 further discuss and specify requirements for the case when QCL-D or UL TX filter is determined by a source RS in another CC.
Pathloss RS update
In last meeting, RAN4 agreed to specify RRM requirements for PL-RS update under the new TCI framework. According to RAN1 agreements, a baseline UE would be able to support the beam alignment case, and at least the case when source DL RS in the UL TCI and the DL RS configured as PL-RS are identical, is called ‘beam alignment’. 
Agreement
On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state.
· Whether a UE supports “beam misalignment or not” (detailed definition FFS) between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is a UE capability
· Note: The term “beam misalignment” is for discussion purpose only
· Whether it is ‘included in’ or ‘associated with’ (including the manner it is performed and the signaling) is up to RAN2
· The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state
· The maximum number of activated UL TCI states or (if applicable) joint TCI states per band per cell is a UE capability
Agreement
On path-loss measurement for Rel.17 unified TCI framework, at least for discussion purposes:
· “Beam alignment” is defined as follows: 
· The event that the PL-RS is identical to the spatial relation RS in the UL or (if applicable) joint TCI state. 
· FFS: how to define “beam alignment” if the PL-RS and the spatial relation RS in the UL or (if applicable) joint TCI state are not identical
· Any other case, it is defined as beam misalignment

For this case, UE maintain PL-RS if it corresponds to the activated UL-only TCI state or joint TCI state. Therefore, the known condition for PL-RS in R17 can be identical to the associated TCI. RRM requirements can be further specified for this case with above consideration in mind.
Proposal 5  Specify RRM requirements for the case that UE only supports PL-RS update under beam alignment condition.

Conclusion
Based on above analysis, we have following observations and proposals.
Proposal 1  Regarding the separate TCI state specified in R17, RAN4 further specify requirements for MAC-CE/RRC based TCI state-pair indication and MAC-CE based TCI state-pair list update, considering such one TCI state-pair containing 1 DL TCI and 1 UL TCI.
Proposal 2  For UL TCI in the separate TCI, R17 requirements are only specified for the case when DL RS is considered as the source RS.
Proposal 3  Regarding joint TCI specified in R17, RAN4 further specify requirements for MAC-CE/RRC based TCI state indication and MAC-CE based TCI state list update.
Observation 1  No consensus in RAN1 to support dynamic switching between joint TCI and separate TCI in R17.
Proposal 4  Regarding common TCI state for CA, RAN4 further discuss and specify requirements for the case when QCL-D or UL TX filter is determined by a source RS in another CC.
Proposal 5  Specify RRM requirements for the case that UE only supports PL-RS update under beam alignment condition.
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