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1. Introduction
In the last meeting, a way forward on RRM impact for unified TCI in FeMIMO was approved in [1]. Based on the conclusion in 102 e-meeting, for both joint TCI mode and separate TCI mode, some remaining issues are still open, further discussion are needed. In this document, we give our analysis for the following issues.
· Switching delay requirements for unified TCI associated with SC
· Requirement applicability of DCI based DL and UL TCI state switching delay
· MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2 
· TCI state-pair indication requirement 
· Delay requirements for TCI switching in CA case
· Known condition in CA scenario 
· Requirements for PL-RS switching delay indicated by unified TCI
· [bookmark: OLE_LINK9][bookmark: OLE_LINK1]Whether to define MAC CE based PL-RS switching requirement when PL-RS is unknown
2. Discussion
2.1 Switching delay requirements for unified TCI associated with SC
Requirement applicability of DCI based DL and UL TCI state switching delay
For DCI based DL and UL TCI state switching delay, the requirements have been identified respectively with in the approved CR during 102 meeting. Aligned with legacy DCI based TCI state switching delay, the requirements only apply for known target TCI state case. To further clarify the applicability of the requirements, the following option was proposed in 102 meeting:
	· Option 1:
When target TCI state is known, is in active TCI state list for DL and joint TCI switch, is maintained for UL and joint TCI state switch.


Some company including us had concern about the last case, i.e. “maintained for UL and joint TCI state switch”, since when we say “maintained”, it usually relates to PL-RS switching, not directly relates to UL TCI state switching. After further check the definition of maintain in RAN1 conclusion, in RAN1#105 meeting, the following was approved:
	Agreement in RAN1#105
The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state


Based on the above agreement, it means that if the UL TCI state or joint TCI state is activated, UE will maintain the PL-RS which may included in or associated with the TCI state. With such assumption, we believe not need to concern for “maintained” case. So the requirement applicability is necessary to be clarified as: 
i.  When target TCI state is known
ii. When target TCI state is in active TCI state list for DL and joint TCI switch
iii. When target TCI state is maintained for UL and joint TCI state switch.
[bookmark: OLE_LINK3]Proposal 1: It is necessary to clarify the applicability of DCI base TCI state switching delay requirements, including the following three cases: 1) When target TCI state is known; 2) When target TCI state is in active TCI state list for DL and joint TCI switch; 3) When target TCI state is maintained for UL and joint TCI state switch.
 
[bookmark: OLE_LINK7][bookmark: OLE_LINK6]MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2
About this issue, the following options were proposed during 102 meeting:
	· Option 1:
· When a SSB is indicated as PL-RS in a UL TCI state, the scaling factor for beam sweeping needs to be introduced for PL-RS measurement time in FR2.
· In FR2, the MAC-CE based UL TCI state switching delay need to be separately defined for SSB based PL-RS.
· In FR2, when a SSB is indicated as PL-RS in a UL TCI state, the MAC-CE based UL TCI state switching delay for both known case and unknown case can be defined as:
· THARQ + 3ms + NM*(5*TL1-RSRP_SSB + 2ms) with the assumption of M=1. 
· Where NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise.
· Option 1a: The delay is
·  TFirstSSB + 39*TSSB
· Option 2: 
· TL1-RSRP_SSB as (M*P)*TSSB
· Option 3: Define generic requirement
· Option 4: Further clarification is needed


The motivation of this issue is to identify whether some simplification of the requirement of MAC CE based UL TCI state switching delay are needed since UE can perform both RX beam refining and PL-RS measurement at the same SSB. The original approved requirement is as follows:
	MAC-CE based UL TCI state switching delay in separate UL/DL mode(approved in 101bis)
· Known TCI case: 
· THARQ + 3ms + NM*(Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)
· NM is equal to 1 if PL-RS is not maintained, and equal to 0 otherwise
· FFS whether NM is allowed to be equal to 1 in Rel-17 specification
· Unknown TCI case: 
· THARQ + 3ms + TL1-RSRP + (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)
· Requirements will be defined for beam alignment case


In our opinion, we agree with the motivation of simplification, but for the specific formula, we need analysis the procedure with two operations including RX beam refining and PL-RS measurement. There are two alternatives:
· [bookmark: OLE_LINK2]Alternative 1: UE performs RX beam refining firstly, then based on the best RX beam, perform 5 samples’ PL-RS measurement. 
· Alternative 2: When UE performs 5 samples’ PL-RS measurement, for each sample, UE needs to poll each RX beam, so the RX beam refining was mixed into the PL-RS measurement, not need additional L1 measurement any more.
In general, we believe the RX beam refining and PL-RS measurement should not be mixed together. And the known case and unknown case should be discussed independently. 
For RX beam refining, no matter whether PL-RS and source SSB is identical or not, UE should perform L1 measurement based on 8 RX beam sweeping and 1 or 3 samples for FR2. 
For PL-RS measurement, no matter for FR1 and FR2, 5 samples should be guaranteed based on the chosen RX beam. So we can not expand the PL-RS measurement from 5*Ttarget_PL-RS into 5*N*Ttarget_PL-RS, here N means the scaling factor of RX beam sweeping. According to legacy PL-RS measurement requirement, no matter FR1 or FR2, not need to consider RX beam sweeping during PL-RS measurement. So before PL-RS measurement, the UE has  identified the chosen RX beam direction.
For known case, the procedure of RX beam refining is not necessary, UE has known the suitable RX beam direction, so UE only needs to perform PL-RS measurement with 5 samples.
For unknown case, UE should firstly perform RX beam refining to identify the suitable RX beam direction, then based on such RX beam direction, UE can perform PL-RS measurement with 5 samples. So Alternative 1 is our preference.
Based on the above analysis, we prefer to insist on the original agreements even when the SSB is indicated as PL-RS in UL TCI state.
Proposal 2: The procedure of RX beam refining and PL-RS measurement should not be combined. UE should perform PL-RS measurement with an assumed RX beam.
Proposal 3: We prefer to insist on the original agreements even when the SSB is indicated as PL-RS in UL TCI state. 

TCI state-pair indication requirement
For this issue, the following options were discussed during 102 meeting:
	· Option 1:
· The TCI state switching delay requirement can be defined for UL TCI and DL TCI switching independently.
· Option 2:
· Remove the issue here without conclusions since the intention is not clear.
· Option 3: 
· No requirements for TCI state-pair indication


For the TCI state-pair indication, network will indicate a TCI state codepoint represents a pair of DL TCI state and UL TCI state, and the source RSs for the 2 TCI state can be different. Such indication also belongs to separate mode. So it is natural to use the DL and UL TCI state switching delay requirements respectively even for TCI state pair indication. Correspondingly the DL and UL TCI state can be switched independently. So we prefer Option 1.
Proposal 4: TCI state-pair indication belongs to separate mode, so we prefer to use the DL and UL TCI state switching delay requirements respectively for TCI state pair indication, and correspondingly the DL and UL TCI state can be switched independently.
2.2 Delay requirements for TCI switching in CA case
[bookmark: OLE_LINK8]Known condition in CA scenario
For this issue, after discussion in 102 meeting, not agreements achieved. During the discussion the following options were proposed:
	· Option 1:
· Reuse the existing known condition. Once the source RS of target TCI state is known for each CC in the intra-band CC group, which means the known condition is satisfied.
· Option 2:
· If the associated RS in common TCI state provides QCL-TypeD, the known condition can only consider whether the associated RS in the reference CC is known or not. 
· Option 3:
· The known condition should be dependent on shared RS or different RS.


We believe based on the understanding for RAN1 agreements in R17, for the TCI state pool used for CA, two cases are possible:
· Case 1: RRC-configured TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP/CC as in Rel-15/16. 
· Case 2: RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC as a new way in Rel-17. 
Case 1 means different TCI state/RS for each component CC, Case 2 means same/shared TCI state/RS for all CCs.
So Option 1 is Case 1 oriented, while Option 2 is Case 2 oriented. Further more, no matter Case 1 or Case 2, the definition of known condition is always necessary. So we believe all the three options make sense. Therefore, we have the following suggestions:
- The known condition should be dependent on shared RS or different RS.
- For the case of different RS, i.e. each BWP/CC configured with respective TCI state pool, reusing the existing known condition. Once the source RS of target TCI state is known for each CC in the intra-band CC group, which means the known condition is satisfied.
- For the case of shared RS, i.e. a reference BWP/CC configured with a reference TCI state pool, If the associated RS in common TCI state provides QCL-TypeD, the known condition can only consider whether the associated RS in the reference CC is known or not. 
Proposal 5: For known condition in CA scenario, we have the following suggestions:
- The known condition should be dependent on shared RS or different RS.
- For the case of different RS, i.e. each BWP/CC configured with respective TCI state pool, reusing the existing known condition. Once the source RS of target TCI state is known for each CC in the intra-band CC group, which means the known condition is satisfied.
- For the case of shared RS, i.e. a reference BWP/CC configured with a reference TCI state pool, If the associated RS in common TCI state provides QCL-TypeD, the known condition can only consider whether the associated RS in the reference CC is known or not. 
2.3 Requirements for PL-RS switching delay indicated by unified TCI
Whether to define MAC CE based PL-RS switching requirement when PL-RS is unknown
This issue relates with other three issues: 1) The definition of beam alignment; 2) MAC CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2; 3) Whether MAC CE based UL TCI state switch and RL-RS switch can be indicated in different MAC CE.
For 1) the definition of beam alignment, it has been approved during 102 meeting:
	Beam alignment assumption if PL-RS is included in UL TCI or joint TCI:
· PL-RS is identical to the source RS in UL or joint TCI.
Beam alignment assumption if PL-RS is associated with UL TCI or joint TCI:
· PL-RS and source RS in UL or joint TCI are QCL-Type D.


So both “identical” case and “QCL-Type D” case are satisfied with the condition of beam alignment.
For 2) MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2, based on our analysis in section 2.1, we prefer to insist on the MAC CE based UL TCI state switching delay. 
For 3) Whether MAC CE based UL TCI state switch and RL-RS switch can be indicated in different MAC CE, further check RAN2 progress, for R17 unified TCI, the case that UL TCI state and PL-RS be activated by different MAC-CE is not supported(which was supported in legacy R16), only simultaneous activation was supported. So no need to define MAC CE based PL-RS switching requirement, which is same as MAC CE based UL TCI state switching requirement.
Since not only “identical” case but also “QCL-Type D” case both belong to beam alignment, if PL-RS is unknown, re-using the requirement of 2) is fine. So our preference is the following Option 1. The following three Options were proposed during 102 meeting.  
	· Option 1: 
· Re-use MAC CE based UL TCI state switch delay of unknown case.
· Option 2: 
· Not to define PL-RS switching delay requirement when PL-RS is identical to the source RS in UL/Joint-TCI AND when the target PL-RS is unknown.
· Apply MAC-CE based UL TCI switching delay requirement of known UL target TCI state,  when target PL-RS and source RS in UL/joint TCI are QCL-Type-D AND  
· when the UL target TCI state is known but when the target pathloss reference signal is unknown  OR
· when the UL target TCI state is unknown but when the target pathloss reference signal is known.
· Option 3: No additional requirements are defined or needed


Proposal 6: For MAC CE based PL-RS switching requirement when PL-RS is unknown, re-use MAC CE based UL TCI state switch delay of unknown case.
3. [bookmark: _GoBack]Conclusion
In this contribution, we have the following proposals for unified TCI state:
Proposal 1: It is necessary to clarify the applicability of DCI base TCI state switching delay requirements, including the following three cases: 1) When target TCI state is known; 2) When target TCI state is in active TCI state list for DL and joint TCI switch; 3) When target TCI state is maintained for UL and joint TCI state switch.
Proposal 2: The procedure of RX beam refining and PL-RS measurement should not be combined. UE should perform PL-RS measurement with an assumed RX beam.
Proposal 3: We prefer to insist on the original agreements even when the SSB is indicated as PL-RS in UL TCI state. 
Proposal 4: TCI state-pair indication belongs to separate mode, so we prefer to use the DL and UL TCI state switching delay requirements respectively for TCI state pair indication, and correspondingly the DL and UL TCI state can be switched independently.
Proposal 5: For known condition in CA scenario, we have the following suggestions:
- The known condition should be dependent on shared RS or different RS.
- For the case of different RS, i.e. each BWP/CC configured with respective TCI state pool, reusing the existing known condition. Once the source RS of target TCI state is known for each CC in the intra-band CC group, which means the known condition is satisfied.
- For the case of shared RS, i.e. a reference BWP/CC configured with a reference TCI state pool, If the associated RS in common TCI state provides QCL-TypeD, the known condition can only consider whether the associated RS in the reference CC is known or not. 
Proposal 6: For MAC CE based PL-RS switching requirement when PL-RS is unknown, re-use MAC CE based UL TCI state switch delay of unknown case.
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