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[bookmark: _Hlk78575445]In this contribution, we discuss remaining RRM issues for unified TCI state switching, inter-cell beam management after last meeting. 
Unified TCI state switching 
[bookmark: _Toc5952573]UL timing for active UL TCI state  
One open issue that was discussed in last few meetings, was the necessity of separate time frequency tracking for UL TCI state.  WF after last meeting is as follows. 
If source RS in UL TCI state is not in the DL active TCI list:
· Proposal 1: No additional time/frequency tracking is needed
· Proposal 2: Additional time/frequency tracking is needed
· Proposal 3: No requirement for the case. Adding applicability rules for current UL TCI switching when source RS in active UL TCI state is a subset of source RS in DL active TCI list
· Proposal 4: Check with RAN1
In current spec, UL timing is defined w.r.t DL timing. For 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 1: 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. We further look at RAN2 signalling to understand this issue. 
   unifiedSeparateTCI-r17                      SEQUENCE{ 
        maxConfiguredDL-TCI-r17                     ENUMERATED {n4, n8, n12, n16, n24, n32, n48, n64, n128}, 
        maxConfiguredUL-TCI-r17                     ENUMERATED {n4, n8, n12, n16, n24, n32, n48, n64}, 
        maxActivatedDL-TCIAcrossCC-r17              ENUMERATED {n1, n2, n4, n8, n16}, 
        maxActivatedUL-TCIAcrossCC-r17              ENUMERATED {n1, n2, n4, n8, n16} 
    } OPTIONAL,
As per the above shown RAN2 signalling, maxActivatedDL-TCIAcrossCC-r17 and maxActivatedUL-TCIAcrossCC-r17 are two different IE. There is no mention of total number of RS UE shall track for timing requirement mentioned in RAN1. That means UE should be able to track maxActivatedDL-TCIAcrossCC-r17 and maxActivatedUL-TCIAcrossCC-r17 number of RS if they are different DL-RS configured. From the above reasoning, we think UL TCI state timing depends on DL-RS configured in the UL TCI state. 
Proposal 1:  RAN4 to agree that UL TCI state needs to follow the time and frequency tracking of the DL-RS configured in the UL TCI state. 

Proposal 2:  If the proposal 1 is not agreeable, RAN4 to send LS to RAN1 to clarify
[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. 
Though SSB is used as PL-RS we do not think RX beam sweeping is needed for every sample of the PL-RS. We think previous RX beam sweeping can be reused and existing delay requirement of MAC CE based UL TCI state switch can be reused.
Proposal 3:  RAN4 to agree that existing delay requirement of MAC CE based UL TCI state switch.

TCI state list update delay
In last meeting RAN4 agreed to consider the case when not all TCI states are known in atcive TCI state update list.
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.
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_list + 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_list is the longest L1-RSRP time (TL1-RSRP) of the unknown source RS in the active TCI state list. Where TL1-RSRP is 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 4:  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_List + Tfirst-SSB_List + TSSB-proc) / NR slot length. 

Inter cell beam management
Sharing factor for L1-RSRP 
In the current specification, we think sharing factor is captured in non-forward compatible manner. Since L1-RSRP is also needs to define for L1L2 mobility WI, we think forward compatible approach shall be adapted. Moreover, in Rel-17 RAN4 defined sharing factors based on the window approach. We think RAN4 shall define the other sharing factors also using similar approach. 
To calculate the sharing factor, we could use the window (W) based approach used in Rel-17 MG enhancements WI.  We think this W window can be thought of as generic function given below.
W= N1*max (TSSB_SC, TSSB_CDP, MGRP, TSMTC); Where:
· W is window
· N1 is a scaling factor for size of window. It can be 1 
· TSSB_SC is periodicity of the serving cell SSB
· TSSB_CDP is periodicity of the target SSB CDP 
· TSMTC is periodicity of the serving cell SSB
· MGRP is Measurement Gap Repetition Period
Definitions for the variables that are going to be used in the scaling factor definition are provided below. 
· Ntotal_SC is the total number of SSB occasions for the serving cell within the window, including those overlapped with measurement gap occasions or SMTC occasions.
· Ntotal_CDP is the total number of SSB occasions for the CDP within the window, including those overlapped with measurement gap occasions or SMTC occasions
· Noutside_MG_CDP is the number of SSB CDP occasions that are not overlapped with any measurement gap occasion within the window W
· Noutside_MG_SC is the number of SSB SC occasions that are not overlapped with any measurement gap occasion within the window W
· Noutside_MG_SMTC_CDP is the number of SSB CDP occasions that are not overlapped with any measurement gap occasion or SMTC occasions within the window W
· Noutside_MG_SMTC_SC is the number of SSB SC occasions that are not overlapped with any measurement gap occasion or SMTC occasions within the window W
· Navailable,SSB_CDP is the number of SSB CDP resource occasions that are not overlapped with any measurement gap occasion and any SMTC occasion and any SSB occasion for serving cells L1-RSRP within the window W.
· Navailable, SSB_SMTC is the number of SSB CDP occasions that are not overlapped with any measurement gap occasion and any SSB occasion for serving cells L1-RSRP within the window W.
· Navailable,SSB_CDP_SMTC_MG is the number of SSB CDP occasions that are not overlapped with any measurement gap occasion nor any SMTC occasion within the window W
· Navailable,SSB_SC_SMTC_MG is the number of SSB SC occasions that are not overlapped with any measurement gap occasion nor any SMTC occasion within the window W
· Psharing SMTC is the sharing factor between SSB to be measured for L1 measurement and L3 measurement.
· Psharing SSB is the sharing factor for L1 measurement among SSB to be measured for CDP and SC. 
 
Sharing factor for CDP
In FR1, the SSB CDP can be measured in any SSB occasions outside MG and in parallel to SSB of SC. The scaling factor is for SC and CDP is 
PCDP= Ntotal_CDP / Noutside_MG_CDP in FR1
In FR2, we need to consider multiple cases like SSB periodicity of CDP is same as SMTC and not same as SMTC. 
If SSB periodicity for CDP is same as SMTC, then it corresponds to Navailable,SSB_CDP_SMTC_MG = 0. We think this case may be good to be considered for forward compatibility with L1L2 mobility
· If measurement occasions of SSB CDP are also used for L3 measurements which are measured outside gap and within SMTC. 
· In this case we need to consider sharing with L3 measurements and sharing with SC measurements. Considering this, PCDP = Psharing SMTC * Psharing SSB * Ntotal_CDP / Noutside_MG_CDP 
· Else
· PCDP = Psharing SSB * Ntotal_CDP / Noutside_MG_CDP

Another scenario is when SSB of CDP do not fully overlap with SMTC. It can be represented as  Navailable,SSB_CDP_SMTC_MG ≠ 0. Here we do not think we need to compare SSB of SC and SSB of CDP for periodicity.  In this case
· PCDP = Psharing SSB * Ntotal / Navailable,SSB_CDP_SMTC_MG
[bookmark: _Hlk118716035]If Navailable,SSB_CDP_SMTC_MG is zero and Navailable,SSB_SC_SMTC_MG is non zero, Psharing SSB is 1 and in all other cases it can be N. Where, N is number of overlapping cells (In this case it is 2). 
Proposal 5:  RAN4 to agree following sharing factor for CDP
· For FR1: 
· PCDP= Ntotal_CDP / Noutside_MG_CDP 
· For FR2:
· if Navailable,SSB_CDP_SMTC_MG = 0, 
· If measurement occasions of SSB CDP is also used for L3 measurements which are measured outside gap, then PCDP = Psharing SMTC * Psharing SSB * Ntotal_CDP / Noutside_MG_CDP 
· Else, PCDP = Psharing SSB * Ntotal_CDP / Noutside_MG_CDP
· If Navailable,SSB_CDP_SMTC_MG ≠ 0
· PCDP = Psharing SSB * Ntotal / Navailable,SSB_CDP_SMTC_MG
· If Navailable,SSB_CDP_SMTC_MG is zero and Navailable,SSB_SC_SMTC_MG is non zero, Psharing SSB is 1 and in all other cases it can be N. Where, N is number of overlapping cells (In this case it is 2).

Sharing factor for SC:
In FR1, the SSB CDP can be measured in any SSB occasions outside MG and in parallel to SSB of SC. The scaling factor is for SC and CDP is 
PSC = Ntotal_SC / Noutside_MG_SC in FR1
In FR2, we need to consider multiple cases like SSB periodicity of CDP is same as SMTC and not same as SMTC. 
If SSB periodicity for CDP is same as SMTC, then it corresponds to Navailable,SSB_SC_SMTC_MG = 0. 
· In this case, measurement occasions of SSB SC are also used for L3 measurements which are measured outside gap and within SMTC. In this case we need to consider sharing with L3 measurements and sharing with CDP measurements. Considering this, PSC = Psharing SMTC * Psharing SSB * Ntotal_SC / Noutside_MG_SC 
· Else, PSC = Psharing SSB * Ntotal_SC / Noutside_MG_SC
Another scenario is when SSB of CDP do not fully overlap with SMTC. It can be represented as  Navailable,SSB_SC_SMTC_MG ≠ 0. Here we do not think we need to compare SSB of SC and SSB of CDP for periodicity.  In this case,  
PSC = Psharing SSB * Ntotal / Navailable,SSB_SC_SMTC_MG
[bookmark: _Hlk118716156]If Navailable,SSB_SC_SMTC_MG is zero and Navailable,SSB_CDP_SMTC_MG is non zero, Psharing SSB is 1 and in all other cases it can be N. Where N is number of overlapping cells (In this case it is 2). 
Proposal 6:  RAN4 to agree following sharing factor for SC
· For FR1: 
· PSC= Ntotal_SC / Noutside_MG_SC 
· For FR2:
· if Navailable,SSB_SC_SMTC_MG = 0, 
· If measurement occasions of SSB CDP is also used for L3 measurements which are measured outside gap, then PSC = Psharing SMTC * Psharing SSB * Ntotal_SC / Noutside_MG_SC 
· Else, PSC = Psharing SSB * Ntotal_SC / Noutside_MG_SC
· If Navailable,SSB_SC_SMTC_MG ≠ 0
· PSC = Psharing SSB * Ntotal_SC / Navailable,SSB_SC_SMTC_MG.
· If Navailable,SSB_SC_SMTC_MG is zero and Navailable,SSB_CDP_SMTC_MG is non zero, Psharing SSB is 1 and in all other cases it can be N. Where N is number of overlapping cells (In this case it is 2).

Summary and Conclusion
In this contribution, we have analysed remaining open issues of FeMIMO RRM maintenance and made following proposals. 
Unified TCI state switching proposals:
Proposal 1:   RAN4 to agree that UL TCI state needs to follow the time and frequency tracking of the DL-RS configured in the UL TCI state. 
Proposal 2:  If the proposal 1 is not agreeable, RAN4 to send LS to RAN1 to clarify
Proposal 3:  RAN4 to agree that existing delay requirement of MAC CE based UL TCI state switch.
Proposal 4:  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_List + Tfirst-SSB_List + TSSB-proc) / NR slot length. 
Inter-cell BM proposals:
Proposal 5:  RAN4 to agree following sharing factor for CDP
· For FR1: 
· PCDP= Ntotal_CDP / Noutside_MG_CDP 
· For FR2:
· if Navailable,SSB_CDP_SMTC_MG = 0, 
· If measurement occasions of SSB CDP is also used for L3 measurements which are measured outside gap, then PCDP = Psharing SMTC * Psharing SSB * Ntotal_CDP / Noutside_MG_CDP 
· Else, PCDP = Psharing SSB * Ntotal_CDP / Noutside_MG_CDP
· If Navailable,SSB_CDP_SMTC_MG ≠ 0
· PCDP = Psharing SSB * Ntotal / Navailable,SSB_CDP_SMTC_MG
· If Navailable,SSB_CDP_SMTC_MG is zero and Navailable,SSB_SC_SMTC_MG is non zero, Psharing SSB is 1 and in all other cases it can be N. Where, N is number of overlapping cells (In this case it is 2).
Proposal 6:  RAN4 to agree following sharing factor for SC
· For FR1: 
· PSC= Ntotal_SC / Noutside_MG_SC 
· For FR2:
· if Navailable,SSB_SC_SMTC_MG = 0, 
· If measurement occasions of SSB CDP is also used for L3 measurements which are measured outside gap, then PSC = Psharing SMTC * Psharing SSB * Ntotal_SC / Noutside_MG_SC 
· Else, PSC = Psharing SSB * Ntotal_SC / Noutside_MG_SC
· If Navailable,SSB_SC_SMTC_MG ≠ 0
· PSC = Psharing SSB * Ntotal_SC / Navailable,SSB_SC_SMTC_MG.
· If Navailable,SSB_SC_SMTC_MG is zero and Navailable,SSB_CDP_SMTC_MG is non zero, Psharing SSB is 1 and in all other cases it can be N. Where N is number of overlapping cells (In this case it is 2).
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