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Discussion
[bookmark: _Toc5952573]Joint TCI state switching requirement
Joint TCI switching delay requirement is agreed in previous meeting. However, there seems different understanding among the companies about the agreement and following WF is agreed in last meeting.  
· RAN4 #101bis GTW Agreements
· No extra requirement needed for Joint TCI mode, DL and UL requirements can be applicable independently
· Note: it is not expected that UE will be required to make DL reception or UL transmission before UE completes the DL or UL TCI state switching, respectively
· Joint TCI switching delay requirement
· Option 1: In case of joint TCI state switch, UE is not expected to receive on DL before UE completes the DL and UL TCI state switch
· Option 2: Joint TCI switching delay is regarded as same as a pair of separate DL/UL TCI switching.
· In case of joint TCI state switch, UE is expected to receive on DL, when UE completes the DL state switch.
· In case of joint TCI state switch, UE is expected to transmit on UL, when UE completes the UL state switch.
· Other options are not precluded.
We think above wording in RAN4#101-bis-e agreement is bit of contradicting. In our understanding, DL TCI state switching completion is when UE is able to receive on new DL TCI state. But current agreement’s top level bullet says, “No extra requirement needed for Joint TCI mode, DL and UL requirements can be applicable independently” and sub-bullet under the main bullets says “it is not expected that UE will be required to make DL reception or UL transmission before UE completes the DL or UL TCI state switching, respectively” 
These two statements are contradicting to each other. We think Note in the agreement means UE can receive after max (DL switching time, UL switching time). We think, RAN4 should correct these contradicting statements. 
As per “for Joint TCI mode, DL and UL requirements can be applicable independently”, our understanding is UE can receive on DL while UL switching is going on and can receive on UL if UL switching is completed first and DL switching is ongoing. 
In last meeting some companies clarified why the note is added. We agree with their explanation that “if DL is received before UL TCI state switch is completed, HARQ cannot be transmitted. 
However, we think that this can be solved if transmitting HARQ on old UL TCI state till new UL TCI state switch is completed. 
Proposal 1: RAN4 to revise the agreement as “No extra requirement needed for Joint TCI mode, DL and UL requirements can be applicable independently” by removing note.
Proposal 2: During joint TCI state switch, if DL TCI state switch is completed before UL TCI state switch is completed, HARQ for new DL TCI state transmissions to be transmitted using old TCI state. 
MAC CE based UL TCI state Switching delay requirements 
One open issue that was discussed was the necessity of separate time frequency tracking for UL TCI state and whether to clarify the same by sending LS to RAN1/2. 
WF after last meeting is as follows. 
· i: If the UL (or joint) TCI state is activated, should a UE track UL TCI state timing and/or frequency derived from DL-RS associated with UL TCI state (or joint) TCI as a UE does for active DL-TCI?
· i-1: What DL-RS can be used to track timing and/or frequency for active UL TCI for non-serving cell? Specifically, how can a UE track timing and/or frequency, if SRS is indicated as source RS in the active UL TCI? 
· ii: If a UE maintains the PL-RS of the activated UL TCI state (or joint) TCI state by the RAN1 agreement, the UE should maintain all of PL-RSs in the activated UL TCI (or joint) TCIs to support inter-cell or mTRP scenarios? 
· ii-1: What is a UE capability to measure pathloss to support the active UL TCI list in inter-cell and mTRP?
(Note : there is no UE capability indication on pathloss measurement in TS38.306 capability spec )
In current spec, UL timing is defined w.r.t DL timing. 
In UL TCI state, UE may be configured with DL-RS as a QCL source or SRS as a QCL source. In Rel-17 RAN4 did not defined requirements when SRS is configured as QCL source. 
Observation: if SRS is configured as a QCL source, there were no RAN4 requirements defined.
When DL-RS is used as a QCL source, NW may configure same or separate DL-RS for UL TCI state and DL TCI state. If the DL and UL is transmitted to same TRP, we do not think different DL-RS may be used for DL and UL TCI states. If DL is received from one TRP and UL is transmitted to another TRP, then there may be a possibility that different RS from different carriers is configured as DL-RS. When same DL-RS is configured for DL and UL, there is no need for separate time and frequency tracking. When separate DL-RS are used for DL and UL TCI, there may be a need for separate timing requirement. However, in Rel-17, since the signals from different TRP should be received in CP length, even if same time and frequency tracking is used, timing error requirements shall be within the defined limits. Therefore, we think using single DL timing for DL and UL TCI states time and frequency tracking makes sense.
Proposal 3: UL TCI state do not need separate time and frequency tracking than the existing UL timing mechanism.
[bookmark: _Hlk110097812]MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2
In last meeting this was widely discussed in GTW and there seems to be two contrasting views and companies were not able to converge. Some companies argued that if the TCI state is unknown, UE needs RX beam sweeping for every measurement performed at L1 level. We have different understanding on this. If we look at the reason behind the beam known condition changing for every 1280 ms, the 1280 ms is arrived at assuming 160ms as the SMTC periodicity and N=8 as the RX beam sweeping scaling factor (N*SMTC periodicity). 
For SMTC of 160ms, it may be reasonable to assume back-to-back RX beam sweeping for the processes which involve L1 measurements. However, we cannot assume SMTC of 160ms for defining all the requirements though RRM requirements are minimum set of requirements. We think, RAN4 should not assume worst case configuration for defining the minimum requirements in all the scenarios. 
Considering this we think it is worthwhile to consider the two scenarios
Scenario 1: SMTC periodicity is less than 160ms 
Scenario 2: SMTC periodicity is equal to higher than 160ms
For scenario 1, we think after L1-RSRP is performed using RX beam sweeping, PL-RS measurements do not need RX beam sweeping for pathloss measurements as the beam may be still known (for SMTC of 40ms, RX beam sweeping takes 320ms and it is less than 1280ms).
For Scenario 2, since RX beam sweeping takes more than 1280ms, it may be reasonable to assume both L1-RSRP and PL-RS may need RX beam sweeping. 
For scenario 2, delay is defined as THARQ + 3ms + TL1-RSRP_SSB +5*Ttarget_SSB+ 2ms. Where, TL1-RSRP_SSB is same as TL1-RSPR_Measurement_Period_SSB for SSB as specified in clause 9.5.4.1, with the assumption of M=1 and TReport = 0.
Proposal 4: if SMTC periodicity is less than 160ms, MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2, UL TCI state switching delay can be reused without any additional delay. 
Proposal 5: if SMTC periodicity is more than 160ms, MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2 is defined as THARQ + 3ms + TL1-RSRP_SSB +5*Ttarget_SSB+ 2ms. Where, TL1-RSRP_SSB is same as TL1-RSPR_Measurement_Period_SSB for SSB as specified in clause 9.5.4.1, with the assumption of M=1 and TReport = 0. 

DCI based TCI state Switching delay requirements 
Requirement applicability of DCI based UL TCI state switching delay
In last meeting whether time and frequency tracking are required for TCI state to be known is FFS. We think UL TCI state switching do not need separate timing information and hence previous agreed definition can be kept. 
· When target TCI state is known
· When target TCI state for DL or Joint TCI is in active TCI state list
· PL-RS is maintained for UL or Joint TCI state switch
· The status “PL-RS is maintained” should be further explained with conditions
(ex. number of samples, accuracy, ways of external indication of the maintenance etc)
· FFS: A UE tracks time and/or frequency on DL-RS associated with active UL TCI.
Proposal 6: RAN4 to not add any additional applicability condition related to UL time tracking for DCI based UL TCI state switch delay. 
Common TCI state switching in CA case
In last meeting, common TCI state switching in CA is discussed for following two scenarios. 
· When Shared RS is used for all CC
· When different RS is used for individual CC
Further known condition is discussed and following options are agreed as WF.
Known condition on shared RS in CA scenario
· Reuse the existing known condition. 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.
· FFS: the associated RS in common TCI state provides QCL-Type C
We understand that the reason for FFS proposal is, when a reference signal (RS) 1 provides QCL information to RS2, and if RS1 and RS2 belong to same CC, then QCL type A, B, C, D can be configured between RS1 and RS2. If RS1 and RS2 belong to different CC, then only QCL type C and D relation can be configured between RS1 and RS2. i.e., QCL type A and B relation cannot be configured between RS1 and RS2, if RS1 and RS2 belong to different CC. 
Based on the above understanding we are fine to remove FFS from the above WF.
Proposal 7: If the associated RS in common TCI state provides QCL-TypeC or QCL-TypeD, the known condition can only consider whether the associated RS in the reference CC is known or not.  
Known condition on different RS in CA scenario
· Option 1:
· Reuse the existing known condition. If the source RS is configured per CC, then the known condition is per CC.
· Option 1a (MTK):
· For QCL-Type A/B/C/D, reuse the existing known condition. If the source RS is configured per CC, then the known condition is per CC.
We think both options are same and to be more specific, are fine with option 1a too.
Proposal 8:  For QCL-Type A/B/C/D, reuse the existing known condition. If the source RS is configured per CC, then the known condition is per CC. 
Delay requirement when shared RS is used for common TCI was discussed and following is agreed as WF.   
Common TCI state switching delay requirement for shared RS 
· FFS:
· The delay requirement is defined per CC for the common TCI indicated by simultaneousU-TCI-UpdateList1/2/3/4-r17
· The delay requirement is defined for multiple CCs for the common TCI indicated by RefUnifiedTCIStateList-r17
Our understanding is simultaneousU-TCI-UpdateList1/2/3/4-r17 only indicates which carriers TCI relation is updated using same MAC CE. List of carriers updated for TCI relation may have same RS or different RS. If they have same RS then the delay requirement is for all the CC indicated in this MAC CE. If they do not have same RS, then the delay requirement can be for different CC. That means this IE cannot tell shared RS is used or not. This IE just tells the common TCI state switching or simultaneous TCI state switching is performed for the CC present in the MAC CE. 
Our understanding of RefUnifiedTCIStateList indicates where to find the TCI state configuration for a particular CC. That means it indicates cell index and BWP. We think this IE also cannot be used as it won’t say directly which carriers have shared RS.    
TCI state list update delay
As per RAN1 design, UE could send L1-RSRP report for four beams at a time in the beam measurement report or L1-RSRP report. The list of four beams which UE reports is not standardised and it is upto UE implementation. Which means, it is not always guaranteed that UE reports the best 4 beams. When NW configures a set of beam through RRC, though UE may have measured those beams, UE may not have report all the beams to NW. In case of the multi-TRP case, NW may know apriori that, if UE is served by beam X, next candidate beam could be beam Y though UE may not have reported the beam Y in the L1-RSRP report. In the existing specification unless UE reports the L1-RSRP value for a beam, it is not considered known.  Due to the limitation in the UE L1-RSRP reporting framework, it is not possible for NW to configure always the known beams in the active TCI state list when there are more than one TRP to choose from to configure in the active TCI state list. 
From NW perspective, to deal with the L1-RSRP reproting limitation in m-TRP framework, it is essential to allow configuration of unknownTCI states in the active TCI state list.
Proposal 9: RAN4 to specify requirements for the case when not all TCI states are known in atcive TCI state update list.
Our understanding is an additional L1-RSRP component needs to be added to the delay requirement if the actvie TCI state list contains unknown TCI states.
If all the TCIs in the active TCI state list are not known, upon receiving PDSCH carrying MAC-CE active TCI state list update at slot n, UE shall be able to receive PDCCH to schedule PDSCH with the new target TCI states at the first slot that is after 
n + + (THARQ + TL1-RSRP + Tfirst-SSB_List + TSSB-proc) / NR slot length.
Where: 
-	If the number of SSBs associated to the TCIs are overlapped,
-	Tfirst-SSB_List = Ncell * Tfirst-SSB, where Ncell is the number of cells associated with the target TCIs in the active TCI list, and whose SSBs are overlapped. Ncell ≤ [Nmax] + 1, where [Nmax] is the number of cells with PCI different from serving cell, and [Nmax] = 1.
-	Otherwise,
-	Tfirst-SSB_List = Tfirst-SSB.
-	THARQ, Tfirst-SSB, TSSB-proc are defined in clause 8.15.3.
-     T L1-RSRP is the time for Rx beam refinement in FR2, defined as
-	TL1-RSPR_Measurement_Period_SSB for SSB as specified in clause 9.5.4.1, 
-	with the assumption of M=1
-	with TReport = 0
Proposal 10: If all the TCIs in the active TCI state list are not known, upon receiving PDSCH carrying MAC-CE active TCI state list update at slot n, UE shall be able to receive PDCCH to schedule PDSCH with the new target TCI states at the first slot that is after n + + (THARQ + TL1-RSRP + Tfirst-SSB_List + TSSB-proc) / NR slot length.

Clarification on the applicable TCI after DCI BWP switching
Issue 1-6-1 Clarification on the applicable unified TCI after DCI BWP switching
· Further check the wording in the following proposal for clause 8.6.2 and 8.6.3 of TS 38.133
· Provided the UE does not have the required activated TCI-state(s) information to receive PDCCH/ PDSCH and to transmit PUSCH/PUCCH/SRS in the new BWP, the UE shall use old TCI-state(s) before the BWP switch until a new MAC CE updating the required activated TCI-state(s) information is received after the BWP switch. If more than one codepoints of TCI states are activated by MAC CE in the old BWP, the UE shall use old TCI-state before the BWP switch until a new DCI updating the required TCI-state information is received after the BWP switch, while the new DCI is 
· based on the old list of TCI state codepoints before the delay for the MAC CE based activation of TCI-state(s) in the new BWP, and
· based on the new list of TCI state codepoints after the delay for the MAC CE based activation of TCI-states in the new BWP.
· If UE has the information on the required TCI-state information to receive PDCCH/PDSCH and to transmit PUSCH/PUCCH/SRS in the new BWP, 
· UE shall be able to receive PDCCH/PDSCH and to transmit PUSCH/PUCCH/SRS with old TCI-state before the delay as specified in Clause 8.15 and 8.16 in the new BWP.
· UE shall be able to receive PDCCH/PDSCH and to transmit PUSCH/PUCCH/SRS with new TCI-state after the delay as specified in Clause 8.15 and 8.16 in the new BWP.

We think first part of the above WF is fine to be captured as per the legacy requirements defined.  We do not think second part is needed.
Proposal 11: RAN4 to add following part to CR “When the UE does not have the required activated TCI-state(s) information to receive PDCCH/ PDSCH and to transmit PUSCH/PUCCH/SRS in the new BWP, the UE shall use old TCI-state(s) before the BWP switch until a new MAC CE updating the required activated TCI-state(s) information is received after the BWP switch”. 

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 revise the agreement as “No extra requirement needed for Joint TCI mode, DL and UL requirements can be applicable independently” by removing note.
Proposal 2: During joint TCI state switch, if DL TCI state switch is completed before UL TCI state switch is completed, HARQ for new DL TCI state transmissions to be transmitted using old TCI state.
Proposal 3: UL TCI state do not need separate time and frequency tracking than the existing UL timing mechanism.
Proposal 4: if SMTC periodicity is less than 160ms, MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2, UL TCI state switching delay can be reused without any additional delay. 
Proposal 5: if SMTC periodicity is more than 160ms, MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2 is defined as THARQ + 3ms + TL1-RSRP_SSB +5*Ttarget_SSB+ 2ms. Where, TL1-RSRP_SSB is same as TL1-RSPR_Measurement_Period_SSB for SSB as specified in clause 9.5.4.1, with the assumption of M=1 and TReport = 0.
Proposal 6: RAN4 to not add any additional applicability condition related to UL time tracking for DCI based UL TCI state switch delay.
Proposal 7: If the associated RS in common TCI state provides QCL-TypeC or QCL-TypeD, the known condition can only consider whether the associated RS in the reference CC is known or not.
Proposal 8:  For QCL-Type A/B/C/D, reuse the existing known condition. If the source RS is configured per CC, then the known condition is per CC.
Proposal 9: RAN4 to specify requirements for the case when not all TCI states are known in atcive TCI state update list.
Proposal 10: If all the TCIs in the active TCI state list are not known, upon receiving PDSCH carrying MAC-CE active TCI state list update at slot n, UE shall be able to receive PDCCH to schedule PDSCH with the new target TCI states at the first slot that is after n + + (THARQ + TL1-RSRP + Tfirst-SSB_List + TSSB-proc) / NR slot length.
Proposal 11: RAN4 to add following part to CR “When the UE does not have the required activated TCI-state(s) information to receive PDCCH/ PDSCH and to transmit PUSCH/PUCCH/SRS in the new BWP, the UE shall use old TCI-state(s) before the BWP switch until a new MAC CE updating the required activated TCI-state(s) information is received after the BWP switch”.
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