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1	Background
Rel-16 NR eMIMO WI (i.e., Enhancements on MIMO for NR) is a RAN1 leading WI with below major enhancement in RAN1 area:
· Enhancements on MU-MIMO support
· Enhancements on multi-TRP/panel 
· Enhancements on multi-beam operation
· DL/UL beam indication with reduced latency and overhead 
· Beam failure recovery for SCell 
· L1-SINR measurement
· Enhancement on low PAPR RS
· Enhancement on full Tx power uplink transmission
Some of enhancements in Rel-16 NR eMIMO WI need introducing corresponding RAN4 RRM core requirement. 
2	Agreement from RAN4#93 RRM session (Wednesday)
2.1  L1-SINR Measurement
Issue-2(a): Scenarios down-selection for L1-SINR measurement, with below scenarios listed as reference from WF (R4-1912742):
	Agreement from RRM Session (Wednesday)
Scenarios for RRM Core requirements definition
Scenario 1: L1-SINR measured on CMR only (when dedicated IMR is not configured)
Scenario 1A: CSI-RS based CMR (only with density 3 Res/RB)
Scenario 2: L1-SINR measured on CMR+IMR (when dedicated IMR is configured)
Scenario 2A: SSB based CMR + ZP-IMR
Scenario 2B: CSI-RS based CMR + ZP-IMR
Scenario 2C: SSB based CMR + NZP-IMR (only with density 3 Res/RB)
Scenario 2D: CSI-RS based CMR + NZP-IMR (only with density 3 Res/RB)



Issue-2(b): RRM requirement structure (separate requirement subsection for different scenarios): 
	Agreement from RRM Session (Wednesday)
RRM Core requirement structure
Separate requirement for CSI-RS-based and SSB-based L1-SINR 
Separate requirement for CMR-only and CMR+IMR
Same requirement for ZP-IMR and NZP-IMR
Define L1-SINR requirement based on following three generalized scenarios: 
L1-SINR reporting with CSI-RS based CMR and no dedicated IMR configured
L1-SINR reporting with SSB based CMR and dedicated IMR configured
L1-SINR reporting with CSI-RS based CMR and dedicated IMR configured



Issue-3(b): Measurement period: For L1-SINR measurement report for CMR only scenario
	Agreement from RRM Session (Wednesday)
Measurement period: For L1-SINR measurement report for CMR only scenario
follow below two tables, similar to L1-RSRP
	· Table x: Measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_Only for FR1
	Configuration
	TL1-SINR_Measurement_Period_CSI-RS_CMR_Only (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-SINR measurement is transmitted with Density = 3.


· 
· Table y: Measurement period TL1-SINR_Measurement_Period_CSI-RS_CMR_Only for FR2
	Configuration
	TL1-SINR_Measurement_Period_CSI-RS_CMR_Only (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-SINR measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-SINR measurement is transmitted with Density = 3.


· Where the variable M, P, N are the same as Section 9.5.4.2 for L1-RSRP reporting. 






Issue-4: Measurement restriction/scheduling availability
	Agreement from RRM Session (Wednesday)
For CSI-RS configured as CMR: 
· In FR2 it is that possible to configure CSI-RS with “repetition = on”
· Measurement restriction is applied if this CSI-RS with “repetition = on” is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement. 



Issue-5: Side condition
	Agreement from RRM Session (Wednesday)
Side condition for CMR only scenario
· In addition to lower bound, the accuracy requirements for L1-SINR in CMR only scenarios is applicable for CSI-RS Es/Iot <= 25 dB as upper bound (Same note 3 applied as L1-RSRP: “NOTE 3: The requirements apply for SSB Ês/Iot ≤ 25 dB”).



2.2  SCell Beam failure recovery
Issue-1: Link recovery procedure general
	Agreement from RRM Session (Wednesday)
Link recovery procedure general
UE is not required to perform BFD and CBD on a deactivated SCell 
UE is only required to perform BFD and CBD on SCell within the active BWP of the configured CC



Issue-2: BFD on SCell: 
	Agreement from RRM Session (Wednesday)
CSI-RS and SSB based BFD for SCell BFD can be applied



3	Way Forward
3.1  L1-SINR Measurement
3.1.1 Measurement period for L1-SINR measurement: 
· Applicable condition for one-shot L1-SINR measurement report without averaging (for both CMR only and CMR+IMR)
· Option-1: L1-SINR is configured with aperiodic CSI-RS and/or measurement restriction (timeRestrictionForChannelMeasurement or timeRestrictionForInterferenceMeasurements if applicable).
· Other options are not excluded.
· For L1-SINR measurement report with averaging over multiple shot for CMR+IMR scenario
· CMR+IMR scenario (SSB-based CMR + IMR, and CSI-RS-based CMR+IMR): 
· In RAN4 requirement, only CMR periodicity = IMR periodicity is assumed;
· Measurement period: For L1-SINR measurement report with averaging over multiple shot for CMR+IMR scenario
· only using CMR periodicity to define measurement period
3.1.2 Measurement restriction/scheduling availability
· CSI-RS configured as NZP-IMR: 
· For CSI-RS configured as NZP-IMR in FR2, FFS whether or not CSI-RS with “repetition = on” can be configured, i.e., beam refinement based on NZP-IMR. 
· Option-1: NZP-IMR only with “repetition = off”. 
· Option-2: NZP-IMR can be configured with “repetition = off” or “repetition = on”. 
· CSI-RS configured as ZP-IMR: 
· For CSI-RS configured as ZP-IMR in FR2, FFS whether or not CSI-RS with “repetition = on” can be configured, i.e., beam refinement based on ZP-IMR.
· Option-1: ZP-IMR only with “repetition = off”. 
· Option-2: ZP-IMR can be configured with “repetition = off” or “repetition = on”. 
3.1.3 Side condition
· CMR+IMR scenario:
· Side condition for CMR:
· FFS the range of CMR Es/Iot by considering CMR condition and resultant L1-SINR range.  
· Side condition for IMR: 
· FFS the range of Iot on IMR

3.1.4 For CMR+IMR (dedicated IMR configured), how to calculate L1-SINR:
· For CMR+IMR (dedicated IMR configured), how to calculate L1-SINR:
· the numerator is the signal power measured on CMR and the denominator (interference and noise) is the total received power on associated IMR.
· Measurement accuracy for L1-SINR
· Only resultant L1-SINR shall be considered.

3.1.5 Assumptions for L1-SINR accuracy evaluation 
· General assumption:
· Number of CSI-RS port for CMR (if applicable), and NZP-IMR:
· [bookmark: _GoBack]N=1
· L1-SINR accuracy evaluation simulation assumption for CMR only:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	CSI-RS

	Interference measurement resource (IMR) configuration
	N/A

	Side condition (SNR) on CMR
	-3dB

	Density (D)
	3

	Number of samples (M)
	1, 3, 5

	Number of PRBs
	48

	Propagation condition
	AWGN



· L1-SINR accuracy evaluation simulation assumption for SSB-based CMR + NZP-IMR:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	SSB

	Interference measurement resource (IMR) configuration
	CSI-RS

	Periodicity
	CMR Periodicity = IMR Periodicity

	Ideal SINR
	-3dB

	Side condition (SNR) on CMR
	option-1: 0dB, other options not excluded

	Side condition (SNR) on IMR
	option-1: 0dB, other options not excluded

	Density (D) for IMR
	3

	Number of samples (M) for IMR/CMR
	1, 3, 5

	Number of PRBs for IMR
	48

	Propagation condition
	AWGN



· L1-SINR accuracy evaluation simulation assumption for SSB-based CMR + ZP-IMR:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	SSB

	Interference measurement resource (IMR) configuration
	CSI-RS

	Periodicity
	CMR Periodicity = IMR Periodicity

	Ideal SINR
	-3dB

	Side condition (SNR) on CMR
	-3dB

	Side condition (SNR) on IMR
	N/A (only AWGN noise)

	Density (D) for IMR
	3

	Number of samples (M) for IMR/CMR
	1, 3, 5

	Number of PRBs for IMR
	48

	Propagation condition
	AWGN



· L1-SINR accuracy evaluation simulation assumption for CSI-RS-based CMR + NZP-IMR:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	CSI-RS

	Interference measurement resource (IMR) configuration
	CSI-RS

	Periodicity
	CMR Periodicity = IMR Periodicity

	Ideal SINR
	-3dB

	Side condition (SNR) on CMR
	option-1: 0dB, other options not excluded

	Side condition (SNR) on IMR
	option-1: 0dB, other options not excluded

	Density (D) for CMR/IMR
	3

	Number of samples (M) for CMR/IMR
	1, 3, 5

	Number of PRBs for CMR/IMR
	48

	Propagation condition
	AWGN



· L1-SINR accuracy evaluation simulation assumption for CSI-RS-based CMR + ZP-IMR:
	Parameters
	Values

	SCS
	15kHz (FR1), 30kHz (FR1), 120kHz (FR2) 

	Channel measurement resource (CMR)
	CSI-RS

	Interference measurement resource (IMR) configuration
	CSI-RS

	Periodicity
	CMR Periodicity = IMR Periodicity

	Ideal SINR
	-3dB

	Side condition (SNR) on CMR
	-3dB

	Side condition (SNR) on IMR
	N/A (only AWGN noise)

	Density (D) for CMR/IMR
	3

	Number of samples (M) for CMR/IMR
	1, 3, 5

	Number of PRBs for CMR/IMR
	48

	Propagation condition
	AWGN
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3.2.1  Link recovery procedure general
Background: BFD-RS for a SCell configured in an implicit manner can be transmitted another CC.
· RS within a deactivated SCC is implicitly configured as the BFD-RS for another activated SCell:
· Option-1: UE is not required to perform BFD on RS within a deactivated SCC which is implicitly configured as the BFD-RS for another activated SCell
· Option-2: FFS
· RS within an activated SCC is implicitly configured as the BFD-RS for another deactivated SCell:
· Option-1: UE is not required to perform BFD on RS within an activated SCC which is implicitly configured as the BFD-RS for another deactivated SCell
· Option-2: FFS
· When more than 2 BFD-RSs are transmitted on a CC for current SCell and (implicitly configured for) other SCell
· Option-1: UE is allowed to only perform BFD on BFD-RSs for current SCell.
· Option-2: FFS

3.2.2  BFD on SCell
· RRM core requirement impact by BFD on SCell
· The evaluation periods for SSB/CSI-RS based BFD on SCell are same as those of SSB/CSI-RS based BFD on PCell/PSCell. Detailed requirement captured in Section 8.5.3/4 shall be reused for SCell BFD.
· FFS whether to introduce a sharing factor for BFD and CBD measurement period

3.2.3  CBD on SCell 
· RRM core requirement impact by CBD on SCell
· Option-1: The evaluation periods for SSB/CSI-RS based CBD on SCell are same as those of SSB/CSI-RS based CBD on PCell/PSCell. Detailed requirement captured in Section 8.5.5/6 shall be reused for SCell CBD.
· FFS whether to introduce a sharing factor for BFD and CBD measurement period

3.2.4  SCell Beam Failure Recovery ReQuest (BFRQ) Mechanism
· Step-1 for BFRQ on SCell with DL only: UE reports beam failure event through a dedicated SR like PUCCH resource
· Option-1: RAN4 requirement is defined for step 1 of BFR, UE reports beam failure event through a dedicated SR like PUCCH resource, in SCells with DL only.
· Option-2: No RRM core requirement impact by SCell BFRQ mechanism
· Step-2 for BFRQ on SCell with DL only: UE conveys new beam information and failed CC index(es) via MAC-CE
· Option-1: FFS Defining requirement for step 2
· Option-2: No RRM core requirement impact by SCell BFRQ mechanism

3.2.5  UE Capability
· UE Capability of Number of SCells for BFR: 
· The maximum number of SCell for which UE performs BFR is a UE capability
· For BFD and CBD requirements in FR2, up to N serving cell is assumed to perform BFR procedure for one FR2 band: 
· Option-1: N=1
· Other options FFS

[bookmark: _Toc24204558]3.3  DL/UL beam indication with reduced latency and overhead
3.3.1  MAC-CE based spatial relation update for aperiodic SRS: 
· MAC-CE based spatial relation update for aperiodic SRS:
· FFS RAN4 RRM requirement impact is identified from the mechanism of spatial relation updates for AP-SRS via MAC-CE

3.3.2  Simultaneous TCI States Activation/Selection across Multiple CCs/BWPs
· Simultaneous TCI States Activation/Selection across Multiple CCs/BWPs:
· No RAN4 impact on Rel-15 active TCI state switching delay requirement has been identified due to newly introduced simultaneous TCI states activation /selection across multiple CCs/BWPs.
· FFS new Rel-16 requirement on simultaneous TCI states activation/selection across multiple CCs/BWPs. 
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3.4.1 Reply LS on timing for pathloss RS activated/updated by MAC-CE
· UE processing time after the last measurement sample (i.e., the time to apply the new PL-RS measurement results from the last measurement sample) 
· 2ms




