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[bookmark: _Hlk78575445]In this contribution, we discuss the remaining open issues for RRM requirements of unified TCI state switching. 
Discussion
[bookmark: _Toc5952573]One of the issues after last meeting was requirements for TCI pair indication. Following options were discussed  
· Option 1(Apple, MTK, Intel, ZTE, Huawei):
· The TCI state switching delay requirement can be defined for UL TCI and DL TCI switching independently.
· Option 2 (vivo):
· Remove the issue here without conclusions since the intention is not clear.
· Option 3(Samsung, Nokia): 
· No requirements for TCI state-pair indication

If we understand the issue correctly, using a single code point, both DL and UL TCI state can be switched. Whether to define requirements for this case or not is under discussion. We think this issue need not be discussed separately as joint or separate TCI state switching covers this case. If companies prefer to clarify, we think existing requirements can apply and no additional requirements need to be defined.
Proposal 1: Requirements for TCI state pair indication is not required to discuss separately as it is already covered in joint/separate TCI state switching requirements. In other words, no additional requirements are needed for this case.  

MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2:
Following options were discussed in last meeting. 
· Option 1(Huawei):
· 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(Apple): The delay is
·  TFirstSSB + 39*TSSB
· Option 2(Ericsson): 
· TL1-RSRP_SSB as (M*P)*TSSB
· Option 3(Nokia, Samsung): Define generic requirement
· Option 4: Further clarification is needed

By assuming the beam alignment condition, QCL source for UL TCI and PL-RS must be the same. Assuming only SSB based source RS is used for defining the requirements in Rel-17, for the unknown case, UE need to compute the L1-RSRP by performing RX beam sweeping. Since same SSB can be assumed for PL-RS, and SSB based L1-RSRP computation, we can reuse the L1-RSRP computed by performing RX beam sweeping for pathloss computation too. Since pathloss RSRP needs 5 samples, rest of the four samples can be computed without RX beam sweeping as the RX beam sweeping is already completed and beam is known after RX beam sweeping. Based on the above analysis, TCI state switch delay can be express as below.
THARQ + 3ms + TL1-RSRP_SSB +4*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
-	with TReport = 0  
Proposal 2: 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 unknown case can be defined as THARQ + 3ms + TL1-RSRP_SSB +4*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.
For the known TCI state switching case, since the beams are known, we think legacy PL-RS switching requirements can be reused. Legacy requirements are referred below.
	If the target pathloss reference signal is known, upon receiving PDSCH carrying MAC-CE activation in slot n, UE shall be able to apply the target pathloss reference signal of the serving cell on which pathloss reference signal switch occurs no later than the slot n +  + .  The UE shall be able to apply old pathloss reference signals until the slot n + + . Where: 
-	 is the timing between pathloss reference MAC-CE activation command and acknowledgement as specified in TS 38.321 [7].
-   NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise.
-	 is the periodicity of the target pathloss reference signal which would be SSB or NZP CSI-RS.



Proposal 3: 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 known TCI state switching case can reuse the MAC CE based PL-RS requirements defined in Rel-16.  
Whether to define MAC CE based PL-RS switching requirement when PL-RS is unknown
Our understanding is it will be same as switching UL TCI state. Hence the requirements shall also be same.
Proposal 4: Re-use MAC CE based UL TCI state switch delay of unknown case when the PL-RS is unknown for MAC CE based PL-RS switching. 
Known condition in CA scenario 
In our understanding, main discussion point in this issue is whether single RS is used for common TCI state switching or different RS can be used for common TCI state switching. After further check internally, we think different RS can be used in common TCI state switching. When different RS are used, known condition depends on whether all the RS associated to TCI code point is known or not.  
Proposal 5: Common TCI state is known if each associated RS in the code point is known.
TCI state list update delay 
· Option 1: For MAC CE based TCI state list update, specify requirements for the case when not all TCI states are known.
· Option 2: Define MAC CE based TCI state list update requirement for known TCI state case
In last meeting above two options were discussed. 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 a beam X, next candidate beam could be by 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 6: 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 7: 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.
Summary and Conclusion
In this contribution we have analysed RRM requirement for unified TCI state design requirements and made following proposals. 
Proposal 1: Requirements for TCI state pair indication is not required to discuss separately as it is already covered in joint/separate TCI state switching requirements. In other words, no additional requirements are needed for this case.
Proposal 2: 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 unknown case can be defined as THARQ + 3ms + TL1-RSRP_SSB +4*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 3: 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 known case can reuse the MAC CE based PL-RS requirements defined in Rel-16.
Proposal 4: Re-use MAC CE based UL TCI state switch delay of unknown case when the PL-RS is unknown for MAC CE based PL-RS switching.
Proposal 5: Common TCI state is known if each associated RS in the code point is known.
Proposal 6: RAN4 to specify requirements for the case when not all TCI states are known in atcive TCI state update list.
Proposal 7: 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.
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