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Introduction
In RAN4-104-bis-e meeting, 2 WFs on maintenance issue in R17 feMIMO core requirements are agreed [1][2]. Moreover, several CRs were agreed.
Based on all above information, we provide our views on the remaining issues in RRM core requirements for R17 feMIMO.
Discussion on remaining issues in unified TCI related RRM requirements
In last meeting, the following issue is discussed and the status is captured in [1]
Issue1-1-1a If source RS in UL TCI state is in the DL active TCI list:
· Agreements:
· No additional time/frequency tracking for the source RS in UL TCI state is needed during TCI state switch 
Issue1-1-1b If source RS in UL TCI state is not in the DL active TCI list:
· Proposals:
· 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 

According to the latest TS 38.214, UL TCI only provides the UE TX spatial filter information. On the other hand, for the timing information in both time and frequency domains that used by UE, in our understanding it is provided by QCL-A/B/C in DL TCI since R15.
TS 38.214 v17.2.0 clause 5.1.5
After a UE receives a higher layer configuration of more than one DLorJoint-TCIState as part of a Reconfiguration with sync procedure as described in [12, TS 38.331] and before applying an indicated TCI state from the configured TCI states:
-	The UE assumes that DM-RS of PDSCH and DM-RS of PDCCH, and the CSI-RS applying the indicated TCI state are quasi co-located with the SS/PBCH block or the CSI-RS resource the UE identified during the random access procedure initiated by the Reconfiguration with sync procedure as described in [12, TS 38.331].
If a UE receives a higher layer configuration of a single DLorJoint-TCIState or UL-TCIState, that can be used as an indicated TCI state, the UE determines an UL TX spatial filter, if applicable, from the configured TCI state for dynamic-grant and configured-grant based PUSCH and PUCCH, and SRS applying the indicated TCI state.


For issue 1-1-1b above, we see the main concern on Proposal 1 is for the scenario when more than one TRPs are considered, which is a typical scenario in HST. In our understanding, in case DL timing is derived based on the DL TCI of the UE, and the source RS of DL TCI and UL TCI are from different TRP, then it would be difficult for gNB to control UE’s uplink timing, especially in frequency domain. However, this can be solved by network implementation, e.g., by configuring source RS in active UL TCI state within the set of multiple DL-RSs that used as source RSs of DL TCIs. In other word, if proponents of proposal 2 insist, we are OK to capture proposal 3 in the spec, although we think the restriction to network is slightly redundant, as long as network can ensure the uplink performance in real deployments.
Observation 1  In R17 unified TCI, especially for the inter-cell BM scenario, the UL TCI only provides UL TX spatial filter information, and UL timing of the UE can be determined based on QCL-A/B/C information in the activated DL TCI(s).
Proposal 1  Applicability rules for UL TCI switching requirements should be added as ‘If source RS of the active UL TCI state is DL-RS and this DL-RS is not included as one source RS in the DL active TCI list, no RRM requirement is defined’.

In last meeting, the following issue is discussed and the status is captured in [1]
Issue 1-2-1 Joint TCI switching delay requirement for DL TCI state switch
· Proposals:
· Proposal 1(Intel, MTK, vivo, Apple, Samsung,vivo, Qualcomm, ZTE):
· Remove the square bracket: 
-   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.
· Proposal 2(Nokia):
· For joint TCI state switch, if the UL TCI state switch delay exceeds the DL TCI state switch delay, the UE is required to receive in DL up to THARQ before it completes UL TCI state switch.


This issue was discussed in RAN4 101-bis-e and confirmed in RAN4 102-e by CR [3][4]. In our understanding, when UL TCI switching has not been finished, UE would not be able to receive HARQ feedback for DL transmission. According to TS 38.213, THARQ can be different depending on different DCI content. UE cannot calculate THARQ before DCI decoding. Therefore, UE would not be able to accurately predict the overall end point and hence the meaning of all above agreements would be useless. To keep consistent with all agreements related to ‘end-point’ issue, and not to delay performance part progress, we prefer to remove the square bracket.
Proposal 2  Remove the square bracket, i.e. confirm that ‘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.’

In last meeting, the following issue is discussed and the status is captured in [1]
Issue 1-2-2 MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2
· Proposals
· Proposal 1(Apple, Samsung, Huawei):
· When PL-RS in UL TCI state switch is SSB in FR2, longer delay is expected.
· Proposal 2(Huawei, Apple, Samsung):
· If no consensus can be achieved in RAN4, we suggest that there is no requirements when SSB is indicated as PL-RS in UL TCI state in FR2.
· Proposal 3(Intel):
· When SSB is indicated as PL-RS in UL TCI state for FR2, the total delay is:
-    n+THARQ + 3ms + NM* (Tfirst_target-PL-RS + 7*Ttarget_PL-RS + 2ms)
· Proposal 4(MTK, vivo, Ericsson, ZTE, Qualcomm): 
· Reuse the existing delay requirement of MAC CE based UL TCI state switch.
· Proposal 5(Nokia):
· known conditions:
· The UE shall be able to transmit uplink signal with the target TCI state in the slot n+THARQ +  + NM* (1*Ttarget_PL-RS + Tprocessingms) / NR slot length. 
Where:
   -	NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise.
   -	PL-RS is considered maintained if the DL RS associated with the UL TCI state is in the active TCI state list.


The procedure of PL-RS maintaining would be similar to the case of time-frequency tracking when known DL TCI switching is performed. In DL TCI switching, 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. 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 when performing measurements on the corresponding SSB.
Therefore, if the UL TCI is known, then there is no need to consider Rx beam sweeping when performing PL measurements on the SSB. 
[bookmark: _Hlk111050806]Observation 2  In legacy R16 requirements, Rx beam sweeping is not specified for SSB-based measurements for time-frequency tracking and PL-RS update, no matter the SSB is configured for L1-RSRP/L1-SINR measurement or not, 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 the SSB which is configured for L1-RSRP measurements.

In last meeting, one FFS issue was captured in [1].
Issue 1-4-1 Whether to consider unknown TCI state in the TCI state list 
· Proposals
· Proposal 1(Samsung, Apple, MTK, Huawei,vivo):
· Longer delay applies if any TCI state is unknown in TCI state list update. Active TCI state list can contain known and unknown TCI states.
· Proposal 2(Ericsson, Nokia, ZTE,vivo):
· Define the detailed delay requirement


In R17 network may activate both DL TCIs and UL TCIs (or in the form of multiple Joint TCIs) in one MAC CE simultaneously, and UE needs to be ready to monitor DL/UL grant and transmit ACK/NACK based on all the activated TCIs when the list update is finished. In our understanding, the network may not always ensure the TCIs to be activated are known, i.e. ensure that it has received UE L1 measurement report for all the source RSs of the TCIs. Otherwise, there could be quite large overhead in L1 measurement and reporting.
Regarding the potential requirements, our understanding is that the worst case should be considered. For TL1-RSRP and Tfirst-SSB_List, especially in FR2, UE is assumed to use one Rx beam at a time, and the periodicity of the RSs needs to be clarified. Companies are encouraged to check whether the requirements in square brackets captured in [5] would be adoptable.
Observation 3  From RAN1/2 design, network may make decision on the set of to-be-activated TCIs without L1 measurement reporting.
Proposal 4  In R17 TCI state list update requirements, specify requirements for the case when not all activated TCIs are known by considering the worst case, i.e. assuming UE use one Rx beam at a time in FR2, and the RSs with the longest periodicity would be assumed for TL1-RSRP.
Discussion on remaining issues in inter-cell BM related RRM requirements
In last meeting, the following issue is discussed and the status is captured in [2]
Issue 2-1-1 Sharing factor design
· Proposals:
· Proposal 1(Intel, Huawei, vivo, Apple):
· Remove the bracket in the corresponding CR.
· Proposal 2(Ericsson, MTK):
· 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
· Where, Psharing SSB = N, where N is the number overlapping SSB from different cells. 
· If Navailable,SSB_CDP_SMTC_MG ≠ 0
· PCDP = Psharing SSB * Ntotal / Navailable,SSB_CDP_SMTC_MG
· RAN4 to agree following sharing factor for SC (Similar to CDP) – omitted.


Option 2 here also changes the form of legacy R15 requirements. For R17 UE/gNB not supporting ICBM, it would cause confusion. Therefore, option 1 is preferred.
Proposal 5   Remove the brackets for the sharing factors.
In last meeting, the following issue is discussed and the status is captured in [2]
Issue 2-2-1 Scheduling restriction for dynamic TDD
· Proposals:
· Proposal 1(Apple, Ericsson):
· RAN4 need not discuss the scheduling restriction for dynamic TDD as its already captured in RAN1 specification.
· Proposal 2(vivo):
· Do not introduce scheduling restriction for dynamic TDD when L1-RSRP measurement on cell with different PCI overlaps with serving cell UL slots. Clarify longer L1 measurement delay is expected for this case.
· Proposal 3(MTK, ZTE, Samsung):
· Introduce scheduling restriction for dynamic TDD on serving cell UL symbols which fully or partially (because of TA) overlaps with the SSB for L1-RSRP measurement on cell with different PCI.
· Proposal 3a(Samsung, ZTE):
· Introduce scheduling restriction for dynamic TDD when L1-RSRP measurement on the cell with different PCI. It is enough to add the scheduling restriction on 1 symbol before SSB and one symbol after SSB.
· Proposal 3b(ZTE,Samsung):
· For the scheduling restriction due to L1-RSRP measurement on cell with different PCI, reusing the scheduling restriction due to L1-RSRP measurement on serving cell is fine. Whether the adjacent symbol before and after SSB should be restricted, which should be aligned with the specification for L1-RSRP measurement on serving cell.


In TS 38.213, we have found the following. 
TS 38.213 v 17.3.0 clause 11.1
…
For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE for reception of SS/PBCH blocks by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or, if the UE is not provided dl-OrJoint-TCIStateList, by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states for PDCCH or PDSCH, or for a set of symbols of a slot corresponding to SS/PBCH blocks configured for L1 beam measurement/reporting, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.



For the green highlighted part, in our view they are related to the issue about TCI configured based on the SSB of the cell with different PCI, and it is not related to L1-RSRP measurements. The red colour phrase is added because the corresponding agreement was only made by inter-cell M-TRP, which is discussed based on R15/R16 TCI framework in R17. There is no discussion so far in RAN1on whether extension to inter-cell BM is possible. Therefore, we think the confusion caused by red colour phrase should be solved in RAN1.
For the yellow highlighted part, it is actually related to L1-RSRP measurement. Based on the description, there is no need to consider any further scheduling restriction for L1-RSRP measurements, since L1-RSRP measurement is already prioritized over the uplink measurements.
For the grey highlighted part, it clearly states that the prioritization rule applies if a transmission overlaps with these symbols, which means TA is already considered. Therefore, additional symbols are not needed.
Moreover, as said in option 3b, there is no scheduling restriction defined for the L1-RSRP measurement in serving cell.
Observation 4  According to TS 38.213, the L1-RSRP measurement is already prioritized over the uplink transmission in dynamic TDD scenario. 
Proposal 6  RAN4 need not discuss the scheduling restriction for dynamic TDD as its already captured in RAN1 specification.
In last meeting, the following issue is discussed and the status is captured in [2]
Issue 2-5-1 Measurement restriction for SSB based L1-RSRP
· Proposals:
· Proposal 1(Huawei):
· The measurement restrictions are applied between SC SSB for RLM/BFD/CBD and CDP SSB for L1-RSRP.
· The measurement restrictions are applied between CDP SSB for BFD/CBD and SC SSB for L1-RSRP.
· Proposal 2(Ericsson, Intel):
· Further study the possibility of sharing under some scenarios


For L1-RSRP measurement in serving cell, the following measurement restrictions are captured in TS 38.133.
TS 38.133 v 17.7.0 clause 9.5.5.1
…
For FR2, when the SSB for L1-RSRP measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.
TS 38.133 v 17.7.0 clause 9.5.5.2
…
For FR2, when the CSI-RS for L1-RSRP measurement on one CC is in the same OFDM symbol as SSB for RLM, BFD or L1-RSRP measurement on the same CC or different CCs in the same band, or in the same symbol as SSB for CBD measurement on the same CC or different CCs in the same band when beam failure is detected, UE is required to measure one of but not both CSI-RS for L1-RSRP measurement and SSB. Longer measurement period for CSI-RS based L1-RSRP measurement is expected, and no requirements are defined.
For FR2, when the CSI-RS for L1-RSRP measurement on one CC is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band,
-	In the following cases, UE is required to measure one of but not both CSI-RS for L1-RSRP measurement and the other CSI-RS. Longer measurement period for CSI-RS based L1-RSRP measurement is expected, and no requirements are defined.
-	The CSI-RS for L1-RSRP measurement or the other CSI-RS in a resource set configured with repetition ON, or 
-	The other CSI-RS is configured in q1 and beam failure is detected, or
-	The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to UE,
-	Otherwise, UE shall be able to measure the CSI-RS for L1-RSRP measurement without any restriction.




If we only consider revisions of second bullet in option 1 above in 9.5.5.1, then it would be difficult to identify whether the SSB mentioned in 9.5.5.2 is only from SC, or is from both SC and CDP. If clarification is done in 9.5.5.1, then the similar clarification should also be done in 9.5.5.2. Measurement restrictions captured in 8.1.2.3, 8.1.3.3, 8.5.2.3, 8.5.3.3, 8.5.5.3, 8.5.6.3 also need careful checking and revision.
Moreover, for the SSB based L1-RSRP measurement performed for CDP, the 1st bullet is already captured in 9.13.5.1. 
Proposal 7  Besides capturing the 2nd bullet of proposal 1, RAN4 also captures the following sentence in existing measurement restrictions in 8.1.2.3, 8.1.3.3, 8.5.2.3, 8.5.3.3, 8.5.5.3, 8.5.6.3 and 9.5.5.2:
· ‘The SSB mentioned in this clause can be either SSB transmitted by serving cell or by cell with different PCI, when applicable’
Details can be found in our companion CR [5].
In last meeting, the following issue is discussed and the agreement is captured in [2]
Issue 2-4-1: Whether any clarification or update is needed in RAN4 spec when SSB and PDCCH/PDSCH are overlapped on the same RE
· Agreements
· Whether to define the requirement of overlap between SSB and PDCCH/PDSCH in the same RE should wait for RAN1 conclusion.


In last RAN1 meeting, the following agreement has been achieved.
Agreement in RAN1 110-bis-e
Confirm the following working assumption with the following modification as a conclusion
On inter-cell beam management, the PDCCH /PDSCH should be rate matched around the SSBs indicated by ssb-PositionsInBurst-r17 for the same PCI as that associated with TCI state of the PDSCH /PDCCH 
· Note 1: From RAN1 perspective, no PDSCH/PDCCH demodulation requirement or L1-RSRP measurement requirement is pursued for simultaneous reception of PDSCH /PDCCH and SSB for L1-RSRP measurement for the case that SSB and PDCCH /PDSCH overlap on the same RE.
· Note2: For Note 1, there is no RAN1 spec impact

As clarified by RAN1, there is no L1-RSRP measurement requirement for simultaneous reception of PDSCH/PDCCH and SSB in the same RE. However, RAN1 has only agreed to introduce rate matching for the case of simultaneous reception of PDSCH/PDCCH and SSB when they are from the same cell, i.e. the PCI associated is the same. However, from worst case of UE perspective, UE is not able to simultaneously receive SSB and PDSCH/PDCCH/DL-RS in the same RE, if the PCI associated to them are different, especially for FR1. For FR2 there is already scheduling restriction introduced for the case when different Rx beam is assumed. In FR1, per RAN1 agreement, scheduling restriction is also needed.
Proposal 8  Introduce scheduling restriction for the cases when UE simultaneously receive SSB and PDSCH/PDCCH, while SSB is associated to a PCI different from the PCI to which the active TCI of PDSCH/PDCCH is associated. RRM requirements do not apply for these cases. 
Details can be found in our companion CR [5]. 
Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1  In R17 unified TCI, especially for the inter-cell BM scenario, the UL TCI only provides UL TX spatial filter information, and UL timing of the UE can be determined based on QCL-A/B/C information in the activated DL TCI(s).
Proposal 1  Applicability rules for UL TCI switching requirements should be added as ‘If source RS of the active UL TCI state is DL-RS and this DL-RS is not included as one source RS in the DL active TCI list, no RRM requirement is defined’.
Proposal 2  Remove the square bracket, i.e. confirm that ‘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.’
Observation 2  In legacy R16 requirements, Rx beam sweeping is not specified for SSB-based measurements for time-frequency tracking and PL-RS update, no matter the SSB is configured for L1-RSRP/L1-SINR measurement or not, 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 the SSB which is configured for L1-RSRP measurements.
Observation 3  From RAN1/2 design, network may make decision on the set of to-be-activated TCIs without L1 measurement reporting.
Proposal 4  In R17 TCI state list update requirements, specify requirements for the case when not all activated TCIs are known by considering the worst case, i.e. assuming UE use one Rx beam at a time in FR2, and the RSs with the longest periodicity would be assumed for TL1-RSRP.
Proposal 5   Remove the brackets for the sharing factors.
Observation 4  According to TS 38.213, the L1-RSRP measurement is already prioritized over the uplink transmission in dynamic TDD scenario. 
Proposal 6  RAN4 need not discuss the scheduling restriction for dynamic TDD as its already captured in RAN1 specification.
Proposal 7  Besides capturing the 2nd bullet of proposal 1, RAN4 also captures the following sentence in existing measurement restrictions in 8.1.2.3, 8.1.3.3, 8.5.2.3, 8.5.3.3, 8.5.5.3, 8.5.6.3 and 9.5.5.2:
· ‘The SSB mentioned in this clause can be either SSB transmitted by serving cell or by cell with different PCI, when applicable’
Proposal 8  Introduce scheduling restriction for the cases when UE simultaneously receive SSB and PDSCH/PDCCH, while SSB is associated to a PCI different from the PCI to which the active TCI of PDSCH/PDCCH is associated. RRM requirements do not apply for these cases. 
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