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Introduction
In this contribution, we provide discussion on remaining open issues RRM requirements for NR FeMIMO.
Discussion
UL TCI state switch
In RAN4, the issue on whether source RS in UL TCI state need to be within DL active TCI list was discussed, and no agreements was achieved in last RAN4 meeting. There is only one source RS included in UL TCI state to provide the reference for uplink TX spatial relation information and no reference signal for uplink timing tracking. The uplink timing is derived from the downlink timing. For separate DL/UL TCI mode, UL TCI state and DL TCI state are indicated separately. The QCL information for uplink can be different with QCL information for downlink. So, there is no need to restrict the source RS in active UL TCI to be a subset of source RS in DL active TCI list.
Proposal 1: For active UL TCI state, there is no need to restrict the source RS in active UL TCI to be a subset of source RS in DL active TCI list.
For MAC-CE based TCI state switching, the UL TCI state switch delay when SSB is indicated as PL-RS in UL TCI state for FR2 was discussed. The current delay requirements for MAC-CE based UL TCI state switch is defined based on no beam sweeping for PL-RS measurements.
Due to no TCI state configuration for SSB resource, no RS can will be used as reference for determining SSB QCL information. The QCL information of an SSB resource only can be derived based on beam sweeping operation on this SSB resource. Hence, beam sweeping shall also be assumed for SSB based PL-RS measurements in FR2, which is to keep the same assumption as SSB based L1 measurements.
When the PL-RS SSB is also configured as L1-RSRP measurements, UE needs to perform both L1-RSRP measurements and PL-RS measurements with SSB beam sweeping. When the SSB is indicated as final source RS for other DL-RS resources, then to keep beam sweeping on this SSB is very important to provide a reference for determining the QCL information of other DL-RS resources. However, only 5 PL-RS occasions are allowed for no beam sweeping based PL-RS measurements for the existing UL TCI state switch requirements. Hence, for SSB PL-RS in FR2, a longer UL TCI state switch delay shall be expected to allow beam sweeping based PL-RS measurements.
Proposal 2: For MAC-CE based UL TCI state switching, a longer UL TCI state switch delay is expected when an SSB is indicated as PL-RS in UL TCI state in FR2.
The UL TCI state switch delay for SSB PL-RS in FR2 was discussed for several meetings. UE needs to perform periodic PL-RS measurements after applying new UL TCI state. The beam sweeping for SSB based PL-RS measurements guarantees that UE always obtain best beam for PL-RS measurements under the channel state variation. In RAN4, it was mentioned that beam sweeping based PL-RS measurements will lead very long UL TCI state switch delay. However, the UL TCI state switch requirements are the minimum requirements and should consider the worst case and different UE implementations. If no consensus can be achieved in RAN4, we suggest not to define requirements for this case.
Proposal 3: If no consensus can be achieved, we suggest that there is no requirements when SSB is indicated as PL-RS in UL TCI state in FR2.
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For inter-cell beam management in R17, the definition of sharing factor between SSB of SC and SSB of CDP was discussed for overlapping scenario. RAN4 agreed that the new sharing factors for inter-cell L1-RSRP measurements are introduced without impacts on the existing L3 measurements.
In the existing L1-RSRP measurements, the sharing factor for sharing between L1 measurements and L3 measurements is defined. After punctured by L3 measurements, the remaining L1-RSRP measurement opportunities are further shared between SC SSB and CDP SSB. Two options captured in WF [2] were discussed in RAN4.
	· Option 1:
· Remove the bracket in the corresponding CR.
· Option 2:
· 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
· 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
· Where, Psharing SSB = N, where N is the number overlapping SSB from different cells. 
· If Navailable,SSB_SC_SMTC_MG ≠ 0
· PSC = Psharing SSB * Ntotal_SC / Navailable,SSB_SC_SMTC_MG


For option 1, the sharing factor between SC SSB and CDP SSB are separately defined for the following 3 cases:
· Case 1: T’SSB,SC = T’SSB,CDP
· Case 2: T’SSB,SC < T’SSB,CDP
· Case 3: T’SSB,SC > T’SSB,CDP
For case 1, the remaining SSB periodicity of SC is equal to the remaining SSB periodicity of CDP. Then, the remaining L1-RSRP measurement opportunities are equally shared between SC SSB and CDP SSB.
For case 2, the remaining SSB periodicity of SC is shorter than the remaining SSB periodicity of CDP. Then, the L1-RSRP measurements on SC SSB can be further punctured by L1-RSRP measurements on CDP SSB.
For case 3, the remaining SSB periodicity of SC is longer than the remaining SSB periodicity of CDP. Then, the L1-RSRP measurements on CDP SSB can be further punctured by L1-RSRP measurements on SC SSB.
For option 2, the L1-RSRP measurement opportunities are firstly punctured by MG, and secondly shared with or punctured by SMTC. After punctured by L3 measurements, the remaining L1-RSRP measurement opportunities are equally shared between SC SSB and CDP SSB. However, the of option 2 change the existing structure of the sharing factor definition between L1 measurements and L3 measurements. It is not obvious to show no impacts on L3 measurements. 
Proposal 4: The sharing factors for inter-cell L1-RSRP measurements in FR2 can be defined as option 1 or option 2a:
· Option 1:
· Remove the bracket in the corresponding CR.
· Option 2a:
· The sharing factor for SC SSB: PSC = Psharing_SSB *P1
· The sharing factor for CDP SSB: PCDP = Psharing_SSB *P2
· Where, Psharing_SSB = N+1, where N is the number overlapping SSB from different cells.

Measurement restrictions
CDP SSB is not only configured for L1-RSRP measurements but also configured for BFD/CBD measurements. So, it is possible that SC SSB configured for RLM/BFD/CBD measurements is overlapped with CDP SSB configured for L1-RSRP measurements and CDP SSB configured for BFD/CBD measurements is overlapped with SC SSB configured for L1-RSRP measurements. The overlapping cases between SC SSB and CDP SSB can be summarized as following Table.
	Case
	SC SSB
	CDP SSB
	Strategy for overlapping

	#1
	Configured as L1-RSRP
	Configured as L1-RSRP
	Sharing

	#2
	Configured as BFD/CBD
	Configured as BFD/CBD
	Sharing

	#3
	Configured as L1-RSRP
	Configured as BFD/CBD
	FFS

	#4
	Configured as BFD/CBD
	Configured as L1-RSRP
	FFS

	#5
	Configured as RLM
	Configured as BFD/CBD
	FFS

	#6
	Configured as RLM
	Configured as L1-RSRP
	FFS


For cases #1 and #2, both SC SSB and CDP SSB are configured as same type L1 measurements, and the corresponding sharing factors are introduced. For cases #3~#6, SC SSB and CDP SSB are configured as different types of L1 measurements. However, for those cases, RAN4 does not discussed whether to introduce the sharing factor or apply the measurement restrictions for those cases. If the sharing factor is introduced, then there will be a big impact on the existing specification. Hence, we suggest to apply the measurement restrictions.
Proposal 5: When SC SSB and CDP SSB are overlapping, the measurement restrictions are applied for the following cases:
	Case
	SC SSB
	CDP SSB

	#A
	Configured as L1-RSRP
	Configured as BFD/CBD

	#B
	Configured as BFD/CBD
	Configured as L1-RSRP

	#C
	Configured as RLM
	Configured as BFD/CBD

	#D
	Configured as RLM
	Configured as L1-RSRP



Conclusions
This contribution provides our analysis on RRM core remaining issues for Rel-17 NR FeMIMO. The following are provided:
Proposal 1: For active UL TCI state, there is no need to restrict the source RS in active UL TCI to be a subset of source RS in DL active TCI list.
Proposal 2: For MAC-CE based UL TCI state switching, a longer UL TCI state switch delay is expected when an SSB is indicated as PL-RS in UL TCI state in FR2.
Proposal 3: If no consensus can be achieved, we suggest that there is no requirements when SSB is indicated as PL-RS in UL TCI state in FR2.
Proposal 4: The sharing factors for inter-cell L1-RSRP measurements in FR2 can be defined as option 1 or option 2a:
· Option 1:
· Remove the bracket in the corresponding CR.
· Option 2a:
· The sharing factor for SC SSB: PSC = Psharing_SSB *P1
· The sharing factor for CDP SSB: PCDP = Psharing_SSB *P2
· Where, Psharing_SSB = N+1, where N is the number overlapping SSB from different cells.
Proposal 5: When SC SSB and CDP SSB are overlapping, the measurement restrictions are applied for the following cases:
	Case
	SC SSB
	CDP SSB

	#A
	Configured as L1-RSRP
	Configured as BFD/CBD

	#B
	Configured as BFD/CBD
	Configured as L1-RSRP

	#C
	Configured as RLM
	Configured as BFD/CBD

	#D
	Configured as RLM
	Configured as L1-RSRP



Reference
[1]. R4-2217203, “WF on RRM impact for unified TCI in FeMIMO”, Intel
[2]. R4-2217204, “WF on FeMIMO RRM requirements for inter-cell beam management”, Huawei, HiSilicon
8

2

