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Introduction
In RAN4 101-bis-e and 102-e, for Unified TCI, WF R4-2202666 [1] and WF R4-2206943 [2] are agreed. Additionally, based on recent progress in RAN1 on this issue, our view on the RRM requirements for Unified TCI is provided.

Discussion
Clarification of UL TCI known condition
In RAN4 101-bis-e and RAN4 102-e, the following was agreed.
Agreements in RAN4 #101-bis-e
MAC-CE based UL TCI state switching delay in separate UL/DL mode
· 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
· Unknown TCI case: 
· THARQ + 3ms + TL1-RSRP + (Tfirst_target-PL-RS + 4*Ttarget_PL-RS + 2ms)
· RAN4 will further study and confirm the below beam alignment defination as applicability scenario for uplink TCI switching requirements
· If PL-RS is included in UL TCI or joint TCI, PL-RS is identical to the source RS in UL or joint TCI
· If PL-RS is associated UL TCI or joint TCI, PL-RS and source RS in UL or joint TCI is QCL-Type D.
Agreements in RAN4 #102-e
Issue 1-1-1 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
Issue 1-1-2 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
Issue 1-2-1 Requirement applicability of DCI based DL and UL TCI state switching delay 
· target TCI state is known
· Note: UL TCI known state will be further clarified

Firstly, RAN4 have already achieved conclusions on the definition of beam alignment, and agree to define requirements for both TCI known and unknown cases, but the known condition of UL TCI and applicability of UL TCI switching requirements are still unclear. Given it is already in the maintenance phase, we think it would be quite impossible to consider new conditions, i.e. beam mis-alignment case. Therefore, the requirement applicability should be clarified as the beam alignment case only.
Regarding beam alignment case, it was agreed that the case PL-RS is associated with UL TCI or joint TCI is also included, and in this case PL-RS and source RS in UL or joint TCI are QCL-Type D. We think this is already quite clear. The TS 38.133 [3] is quoted as below.
TS 38.133 clause 8.12.2
The spatial relation 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 spatial relation to the completion of active spatial relation, where the DL RS resource for L1-RSRP measurement is the DL RS in target spatial relation or QCLed to the target spatial relation with QCL type-D.

TS 38.133 clause 8.14.2
The pathloss reference signal is known if the following conditions are met during the period between the last transmission of the RS resource used for L1-RSRP measurement reporting and the completion of pathloss reference signal switch, where the RS resource is the target pathloss reference signal or QCLed (with Type D) to the target pathloss reference signal.

The wording in the spec for the known condition is ‘the RS used for L1-RSRP measurement reporting is QCLed to the target PL-RS or target spatial relation with QCL-D’. In other word, if UE has performed L1-RSRP measurement on RS B, whose QCL-D source is RS A, then RS A may also be considered as known. However, if UE has performed L1-RSRP measurement on RS A, which is the QCL-D source for RS B, then UE may also consider RS B as known, since it may use the same Rx beam information obtained from RS A. Normally, RS A can be SSB, and RS B can only be CSI-RS.
Observation 1  In legacy known condition definition, a target RS is considered as known if UE has performed L1-RSRP measurements on some other RSs that are also QCLed to this target RS, i.e. the target RS is known 
· if it is the QCL-D source of another RS that UE has performed L1-RSRP measurements on, or 
· if UE only has performed L1-RSRP measurements on its QCL-D source.
For the relation between R17 PL-RS and the QCL-D source RS of UL TCI, if they are not identical, there are 3 possible cases:
Case 1: Source RS of UL TCI is SSB (or CSI-RS B), while PL-RS is CSI-RS A whose QCL-D source is the same SSB(or CSI-RS B).
· In this case, if UL TCI is known, then PL-RS is also known. If UL TCI is unknown, then PL-RS is also unknown. The time duration used to obtain Rx beam information for UL TCI would also provide Rx beam information for the procedure for maintain PL-RS. Therefore, agreements in RAN4 101-bis-e works fine. 
Case 2: Source RS of UL TCI is CSI-RS A, while PL-RS is SSB (or CSI-RS B), which is the QCL-D source of the CSI-RS A
· In this case, if UL TCI is known, then PL-RS is known. If UL TCI is unknown, since it means UE has no Rx beam information for this CSI-RS A, it can be inferred that UE also have no Rx beam information on it QCL source, i.e. SSB or CSI-RS B. Therefore, PL-RS is also unknown. Therefore, similar as Case 1, agreements in RAN4 101-bis-e also works fine.
Case 3: Source RS of UL TCI is CSI-RS A, while PL-RS is another CSI-RS B, while CSI-RS A and CSI-RS B share the same QCL-D source as SSB (or CSI-RS C).
· In this case, if UL TCI is known, then PL-RS is known. If UL TCI is unknown, similar as Case 2, it can be inferred that UE also have no Rx beam information on it QCL source, i.e. SSB or CSI-RS C. Therefore, PL-RS is also unknown by the same reason as in case 1, and agreements in RAN4 101-bis-e also works fine.
Based on above analysis, we see the known condition of UL TCI can be the same as PL-RS, and there is no need to further restrict the applicability of PL-RS to the case it is only known.
Observation 2  For beam alignment case, the L1-RSRP measurement performed for the unknown UL/Joint TCI may also provide Rx beam information for the unknown PL-RS.
Proposal 1  The known conditions for UL TCI and for PL-RS remain the same as legacy requirements, while requirements are only defined for the beam alignment case.
Proposal 2  As long as PL-RS and source RS of UL/Joint TCI meet the beam alignment condition, the unknown UL TCI requirements can also be applicable to the case when PL-RS is unknown.
Another two issues would be, when the source RS of UL TCI is SSB, or the PL-RS is SSB, 
· Issue A: Whether Rx beam sweeping is needed for the L1-RSRP measurement if UL TCI and PL-RS are unknown?
· Issue B: Whether Rx beam sweeping is needed for the PL-RS maintaining procedure if it is configured for L1-RSRP measurement?
For issue A, as in observation 2, we think Rx beam sweeping is of course needed.
However, for issue B, we think the procedure of PL-RS maintaining would be similar to the case of time-frequency tracking when known DL TCI switching is performed. In that case, only one SSB sample is allowed for time-frequency tracking, no matter whether L1-RSRP measurement is configured on this SSB or not, even in FR2. Another similar discussion happened in RAN4 102e eMIMO maintenance related discussion, as [4] was not agreed. For R16 PL-RS update requirements, there is also no need to perform Rx beam sweeping. Our understanding is SSB-based L1-RSRP/RLM/BFD measurements are general requirements, which considered the worst case that SSB to be measured is not in the same QCL train as the source RS of the active TCI. In the worst cases, the Rx beam sweeping is needed. But for the time-frequency tracking and PL-RS update, it is not allowed to perform Rx beam sweeping.
Observation 3  In legacy requirements, Rx beam sweeping is not specified for SSB-based measurements for time-frequency tracking and PL-RS update, since the Rx beam for this SSB reception is already considered as known. For L1-RSRP measurements requirements, the Rx beam sweeping is considered for the worst case, and is not applicable to the case when a tighter requirement is applied.
Proposal 3  MAC-CE based UL TCI state switching delay requirements agreed in RAN4 101-bis-e can be applicable to the case when the PL-RS is SSB and the SSB is configured for L1-RSRP measurements.

Clarification of TCI state pair and TCI state list
In RAN4 102-e, the big CR was agreed in post email discussion [5]. According to latest TS 38.133 [3], the following has been captured.
TS 38.133 clause 8.16.3
In case of joint TCI state switch, UE is not expected to transmit on UL before UE completes the DL and UL TCI state switch.

TS 38.133 clause 8.16.5
Upon receiving PDSCH carrying MAC-CE active TCI state list update at slot n, UE shall be able to [FFS: ‘receive PDCCH to schedule PDSCH’ or ‘transmit PUCCH, PUSCH or SRS ’] with the new target TCI states at the first slot that is after 
n+  + (THARQ + NM * (Tfirst_target-PL-RS_List + 4 * Ttarget_PL-RS_List + 2ms))) / NR slot length,
When UE receives PDSCH carrying MAC-CE active TCI state list update for 
-	joint TCI state list update, or 
-	separate TCI list update, while the separate TCI list comprises at least one DL TCI and one UL TCI,
UE is not expected to transmit on UL before UE completes the DL and UL TCI state switch. 

TS 38.133 clause 8.14.2
The pathloss reference signal is known if the following conditions are met during the period between the last transmission of the RS resource used for L1-RSRP measurement reporting and the completion of pathloss reference signal switch, where the RS resource is the target pathloss reference signal or QCLed (with Type D) to the target pathloss reference signal.

In our view, for UL TCI state switch, it is already captured in the spec that, if DL TCI state is updated in the same MAC CE, then UE is not expected to transmit on UL before UE completes the DL and UL TCI state switch. The motivation behind is that the system is not able to work if only DL TCI state switch completes, or if only UL TCI state switch completes, as UE may need to receive DL grant to schedule UL or need to feedback ACK/NACK in the UL to completed DL HARQ. Therefore, it is reasonable to allow some flexibility in UE implementation, which will not impact the system performance.
Observation 4  Based on current TS 38.133, if DL TCI switch and UL TCI switch are triggered by the same MAC CE command, UE is allowed some flexibility in implementation as long as it meets the longer delay requirements between DL and UL, which will not impact the system performance.
However, although the field in DCI is the same as R15 and R16, the implied info by each codepoint is different from R15/R16 TCI, since it would be applicable to PDCCH, PUSCH and PUCCH. In last meeting there was some discussion on how to interpret the phrase ‘TCI state list’. In our view, the ‘TCI state list’ specified in RAN4 spec is not necessarily identical to the MAC CE activated TCI codepoint list. The TCI codepoint list is used for DCI indication purpose, and is generally separated by joint TCI mode and separate TCI mode. On the other hand, RAN4 spec will provide clear requirements definition, especially when more than 1 TCIs is activated by MAC CE. The requirements are actually some restrictions on UE behaviour, which may ensure inter-operability and performance. In this sense, the TCI update requirements are defined in separate sections for DL and UL, but not for Joint mode and separate mode, respectively. 
Proposal 4  RAN4 further check whether the common understanding is that, ‘TCI state list’ is the list of TCIs that activated in the same MAC CE, but not the list of activated TCI codepoints in the same MAC CE.
Based on above discussion, there is no need to further introduce the definition of TCI state pair in RAN4 spec.
Regarding the highlighted part, we think this can be discussed after the common understanding in Proposal 4 is achieved. If the list of activated TCIs is considered, then what needs to be defined in this clause 8.16.5 is the UE behaviour to get the uplink ready. Considering the TCI state list can be 1 DL TCI and 1 UL TCI, i.e. no field in the DCI is needed, there is no need to apply the UL TCI state switch after UE receive DCI. In case it needs to receive DCI and send ACK, the clarification in observation 4 may already provide enough clarification.
Proposal 5  RAN4 confirms that the UL TCI list update delay requirement specifies the delay that UL TCI becomes applicable after a MAC CE activating more than one TCIs is received, and the end point of this delay is defined as the time when UE is able to transmit PUSCH, PUCCH or SRS based on the new TCI list.
Another issue for the TCI state list would be whether to specify requirements when not all TCIs are known. In R15/16, TCI state list update requirements are only specified for the known case, but they are only applicable to PDSCH. For PDCCH, only TCI switching is supported by MAC CE. However, in our understanding, in R17 it would not be sufficient enough to specify TCI state list update requirements only for the known case. Network may activate both DL TCIs and UL TCIs (or in the form of multiple Joint TCIs) in one MAC CE simultaneously, and UE need to be ready to monitor DL/UL grant and transmit ACK/NACK based on all the activated TCIs. One possible scenario would be, NW configured 2 Joint TCI states, while UE has never performed measurement on one of the source RSs. In this case one of the two activated TCIs is unknown, and how to define TCI state switch requirements and what is the assumed UE behaviour would be missed, which may have negative impact and unnecessary restrictions to NW configuration.
Proposal 6  In R17 TCI state list update requirements, specify requirements for the case when not all activated TCIs are known.

Clarification on the common TCI for intra-band CA
In last meeting, the following is discussed.
Remaining issues in RAN4 #102-e
Issue 1-4-1 Known condition in CA scenario
· Proposals
· Option 1(ZTE):
· 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 (Intel, Nokia, vivo, Ericsson, Samsung, MTK, ZTE):
· 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(Apple, ZTE):
· The known condition should be dependent on shared RS or different RS.


We support option 2. For intra-band CA case, common TCI can be configured across CCs, and UE may determine the Rx beam for the CC group based on one measurement across CCs. For other issues, such as TCI state activation delay, it would follow the CA case when common TCI is not configured, e.g. for inter-band CA, while the single carrier requirement can be applied to each CC.
Proposal 7  Clarify for CA scenarios that 
· in intra-band CA case, 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, and
· all other requirements for each CC follow the same requirements defined in single carrier case.

Clarification on the applicable TCI after DCI BWP switching
In TS 38.133, the following is captured for R15/R16 TCI.
TS 38.133 clause 8.6.2
Provided the UE does not have the required TCI-state information to receive PDCCH and PDSCH in the new BWP, the UE shall use old TCI-states before the BWP switch until a new MAC CE updating the required TCI-state information for PDCCH and PDSCH is received after the BWP switch. 
If UE has the information on the required TCI-state information to receive PDCCH and PDSCH in the new BWP, 
-	UE shall be able to receive PDCCH and PDSCH with old TCI-states before the delay as specified in Clause 8.10 in the new BWP.
-	UE shall be able to receive PDCCH and PDSCH with new TCI-states after the delay as specified in Clause 8.10 in the new BWP.


The clarification was done only for R15 TCI. No Clarification on the PUCCH spatial relation activated by MAC CE, or the R16 PL-RS activated by MAC CE. In R17, RAN4 may need to further discuss whether to clarify the joint or separate TCI assumption after DCI-based BWP switch. In our understanding, similar clarification as R15 is needed for R17 MAC CE based unified TCI switch, R17 MAC CE based TCI state list update, and R17 DCI based TCI switch. 
Proposal 8  RAN4 further discuss whether to clarify the R17 joint or separate TCI assumption after DCI-based BWP switch.
Conclusion
Based on above analysis, we have following observations and proposals.
Observation 1  In legacy known condition definition, a target RS is considered as known if UE has performed L1-RSRP measurements on some other RSs that are also QCLed to this target RS, i.e. the target RS is known 
· if it is the QCL-D source of another RS that UE has performed L1-RSRP measurements on, or 
· if UE only has performed L1-RSRP measurements on its QCL-D source.
Observation 2  For beam alignment case, the L1-RSRP measurement performed for the unknown UL/Joint TCI may also provide Rx beam information for the unknown PL-RS.
Proposal 1  The known conditions for UL TCI and for PL-RS remain the same as legacy requirements, while requirements are only defined for the beam alignment case.
Proposal 2  As long as PL-RS and source RS of UL/Joint TCI meet the beam alignment condition, the unknown UL TCI requirements can also be applicable to the case when PL-RS is unknown.
Observation 3  In legacy requirements, Rx beam sweeping is not specified for SSB-based measurements for time-frequency tracking and PL-RS update, since the Rx beam for this SSB reception is already considered as known. For L1-RSRP measurements requirements, the Rx beam sweeping is considered for the worst case, and is not applicable to the case when a tighter requirement is applied.
Proposal 3  MAC-CE based UL TCI state switching delay requirements agreed in RAN4 101-bis-e can be applicable to the case when the PL-RS is SSB and the SSB is configured for L1-RSRP measurements.
Proposal 4  RAN4 further check whether the common understanding is that, ‘TCI state list’ is the list of TCIs that activated in the same MAC CE, but not the list of activated TCI codepoints in the same MAC CE.
Proposal 5  RAN4 confirms that the UL TCI list update delay requirement specifies the delay that UL TCI becomes applicable after a MAC CE activating more than one TCIs is received, and the end point of this delay is defined as the time when UE is able to transmit PUSCH, PUCCH or SRS based on the new TCI list.
Proposal 6  In R17 TCI state list update requirements, specify requirements for the case when not all activated TCIs are known.
Proposal 7  Clarify for CA scenarios that 
· in intra-band CA case, 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, and
· all other requirements for each CC follow the same requirements defined in single carrier case.
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