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1. Introduction
In this contribution, we discuss corrections for low latency and overhead beam selection and L1-SINR beam reporting.

2. Low latency and overhead beam selection
2.1 Default spatial relation info in FR2
According to TS38.101-2 (beam correspondence requirement), all UEs shall support beam correspondence regardless of the beam correspondence capability. The beam correspondence requirement is shown in appendix, and summarized as below:
· The meaning of [bit-1] is that UE supports the beam correspondence and meets the requirement of the beam correspondence
· The meaning of [bit-0] is that UE supports the beam correspondence and meets the requirement of the beam correspondence,
· 1) without any realization of the requirement, if additional SRS beam sweeping is configured
· 2) with 3~3.2 dB realization of the requirement, if additional SRS beam sweeping is not configured

However, Rel.16 default spatial relation for PUCCH was specified only when the beam correspondence capability is reported. There is no clear reason of this limitation because all UEs shall support beam correspondence regardless of the beam correspondence capability. Hence, we propose the restriction of the UE capability of beamCorrespondenceWithoutUL-BeamSweeping. Also, the default spatial relation is supported only in FR2, it is better to clarify it.

Proposal 1: 
· Default spatial relation for dedicated-PUCCH/SRS is supported regardless of UE capability of beamCorrespondenceWithoutUL-BeamSweeping. 
· Adopt the following TP in TS38.213 section 9.2.2:

	[bookmark: _Toc12021477][bookmark: _Toc20311589]9.2.2	PUCCH Formats for UCI transmission
[…]
If a UE
-	reports beamCorrespondenceWithoutUL-BeamSweeping, 
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo in FR2,
a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell.
[…]




2.2. Applicable timing for PL-RS updated by MAC CE
In RAN#98-bis meeting, following working assumption (WA) was made.
	Working assumption
Pathloss reference RS for PUSCH can be activated/updated via a MAC CE
· The MAC CE message can activate/update the value of PUSCH-PathlossReferenceRS-Id corresponding to sri-PUSCH-PowerControlId.
· Note(Informative): In TS38.331, the mapping is given by SRI-PUSCH-PowerControl, in which the linkage is between sri-PUSCH-PowerControlId and PUSCH-PathlossReferenceRS-Id.
· Further signaling details are up to RAN2.
· Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE. 
· This is only applicable for UEs supporting the number of RRC-configurable pathloss RSs larger than 4, and this is only for the case that the activated PL RS by the MAC CE is not tracked.
· UE is only required to track the activated PL RS(s) if the configured PL RSs by RRC is greater than 4. 
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.
· Send an LS to RAN4 asking opinion on this working assumption.

Working assumption
Pathloss reference RS for AP-SRS/SP-SRS can be activated/updated via a MAC CE.
· A UE can be configured with multiple pathloss RSs by RRC and one of them can be activated/updated via the MAC CE for a SRS resource set.
· Further signaling details are up to RAN2.
· Reuse higher layer filtered RSRP for pathloss measurement, with defining the applicable timing after the MAC CE.
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE. 
· This is only applicable for UEs supporting the number of RRC-configurable pathloss RSs larger than 4, and this is only for the case that the activated PL RS by the MAC CE is not tracked.
· UE is only required to track the activated PL RS if the configured PL RSs by RRC is greater than 4.
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.
· Send an LS to RAN4 asking opinion on this working assumption.



In [1], RAN4 replies that at most 5 measurement samples can be used for higher layered filtered RSRP, if TCI state of the activated/updated pathloss RS is ‘known’; and if TCI state of the activated/updated pathloss RS is ‘unknown’, longer application time is expected to allow RX beam refinement. It is also noted that applicable timing for activating/updating PL RS should be captured in RAN1 spec.
The ‘known’ conditions of TCI state are specified as following [2].
	8.10.2	Known conditions for TCI state
The TCI state is known if the following conditions are met:
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
-	TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the target TCI state before the TCI state switch command
-	The TCI state remains detectable during the TCI state switching period
[bookmark: _Hlk18067072]-	The SSB associated with the TCI state remain detectable during the TCI switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the TCI state is unknown.



In TS38.133, MAC CE based switching delay of ‘unknown’ TCI state is specified as following [2], where T L1-RSRP is the time for L1-RSRP measurement for Rx beam refinement of ‘unknown’ TCI state.
	8.10.3	MAC-CE based TCI state switch delay
[…]
If the target TCI state is unknown, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs no later than in slot n+ THARQ +(3 ms + TL1-RSRP +TOuk*(Tfirst-SSB+ TSSB-proc)) / NR slot length. The UE shall be able to receive PDCCH with the old TCI state until slot n+ THARQ +(3 ms+ TL1-RSRP +TOuk*(Tfirst-SSB)) / NR slot length.
Where T L1-RSRP is the time for L1-RSRP measurement for Rx beam refinement, 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
-	TL1-RSRP_Measurement_Period_CSI-RS for CSI-RS as specified in clause 9.5.4.2
-	with the assumption of M=1 for periodic CSI-RS
-	for aperiodic CSI-RS if number of resources in resource set at least equal to MaxNumberRxBeam
-	with TReport = 0
-	TOuk = 1 for CSI-RS based L1-RSRP measurement, and 0 for SSB based L1-RSRP measurement when TCI state switching involves QCL-TypeD
-	TOuk = 1 when TCI state switching involves other QCL types
TL1-RSRP_Measurement_Period_SSB = 0 for SSB in FR2 and TL1-RSRP_Measurement_Period_CSI-RS = 0 for CSI-RS in FR2, provided that the TCI state switching involves QCL-TypeA, QCL-TypeB or QCL-TypeC only.
-	Tfirst-SSB is time to first SSB transmission after L1-RSRP measurement when TCI state switching involves QCL-TypeD; 
-	Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE for other QCL types;
-	The SSB shall be the QCL-TypeA or QCL-TypeC to target TCI state
During MAC-CE based TCI state switch the UE is allowed an interruption due to one shot timing adjustment on the serving or any activated serving cells as defined in clause 8.2.



Based on the LS reply [1], in case TCI state is ‘known’, we can confirm WA (RAN#98-bis) of applicable timing for PL-RS updated by MAC CE. 
In case TCI state is ‘un-known’, we should determine the value of the “longer application time”. Since the “longer application time” is for UE Rx beam refinement of ‘unknown’ TCI state, the same value as T L1-RSRP defined in TS38.133 section 8.10.3 is simply reused as the “longer application time”.

Proposal 2:
· Confirm WA (RAN#98-bis) of applicable timing for PL-RS updated by MAC CE with restriction of “if TCI-state of the activated/updated pathloss RS is ‘known’”, and additionally support following:
· If TCI-states of the activated/updated pathloss RS is ‘un-known’,
· filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, (3 + T L1-RSRP) ms after sending ACK for the MAC CE.
· Note: T L1-RSRP is defined in TS38.133 section 8.10.3.

2.3. Applicable timing for default PL-RS updated by MAC CE
Similar as above, the applicable timing for default PL-RS should be also discussed, if TCI state used for the default spatial relation / PL-RS is updated by MAC CE. Since the motivation of the applicable timing of PL RS is the same, the same applicable timing should be applied.
Proposal 3:
· Reuse the same applicable timing of default PL-RS as that of PL-RS updated by MAC CE 

More specifically, we propose following. Figure 1 illustrates the proposal 4.
Proposal 4:
· If both spatial-relation/PL-RS are not configured in FR2, and if TCI-state used for default spatial relation/PL-RS is updated by MAC CE, define applicable timing for higher layer filtered RSRP of pathloss measurement for default PL-RS of PUCCH/SRS/PUSCH after the MAC CE. 
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, 
· if the TCI-state of the activated/updated pathloss RS is ‘known’, the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE,
· else if TCI-states of the activated/updated pathloss RS is ‘un-known’, the 1st measurement sample corresponds to be the 1st instance, (3 + T L1-RSRP) ms after sending ACK for the MAC CE. 
· Note: T L1-RSRP is defined in TS38.133 section 8.10.3.
· UE is only required to track the activated PL RS(s). 
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.

[image: ]
a) If TCI-state#1 is ‘known’ (same as WA of RAN#98-bis)
[image: ]
b) If TCI-state#1 is ‘unknown’
Figure 1. The applicable timing of default PL-RS when MAC CE updates TCI-state.

3. L1-SINR beam reporting
3.1 Group based L1-SINR reporting
For L1-RSRP reporting, the group based beam reporting is specified in TS38.214 sect. 5.2.1.4.3, as following.
	5.2.1.4.3	L1-RSRP Reporting
For L1-RSRP computation
-	the UE may be configured with CSI-RS resources, SS/PBCH Block resources or both CSI-RS and SS/PBCH block resources, when resource-wise quasi co-located with 'QCL-Type C' and 'QCL-TypeD' when applicable.
-	the UE may be configured with CSI-RS resource setting up to 16 CSI-RS resource sets having up to 64 resources within each set. The total number of different CSI-RS resources over all resource sets is no more than 128.
For L1-RSRP reporting, if the higher layer parameter nrofReportedRS in CSI-ReportConfig is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size, if the higher layer parameter nrofReportedRS is configured to be larger than one, or if the higher layer parameter groupBasedBeamReporting is configured as 'enabled', the UE shall use differential L1-RSRP based reporting, where the largest measured value of L1-RSRP is quantized to a 7-bit value in the range [-140, -44] dBm with 1dB step size, and the differential L1-RSRP is quantized to a 4-bit value. The differential L1-RSRP value is computed with 2 dB step size with a reference to the largest measured L1-RSRP value which is part of the same L1-RSRP reporting instance. The mapping between the reported L1-RSRP value and the measured quantity is described in [11, TS 38.133].



However, the specification of the group based L1-SINR reporting is missing in TS38.214 sect. 5.2.1.4.4. 
Proposal 5: 
· Adopt the following TP in TS38.214 section 5.2.1.4.4:

	5.2.1.4.4	L1-SINR Reporting
For L1-SINR computation, for channel measurement the UE may be configured with NZP CSI-RS resources and/or SS/PBCH Block resources, for interference measurement the UE may be configured with NZP CSI-RS or CSI-IM resources.
-	for channel measurement, the UE may be configured with CSI-RS resource setting up to 64 CSI-RS resources or up to 64 SS/PBCH Block resources.
For L1-SINR reporting, if the higher layer parameter nrofReportedRSForSINR in CSI-ReportConfig is configured to be one, the reported L1-SINR value is defined by a 7-bit value in the range [-23, 40] dB with 0.5 dB step size, and if the higher layer parameter nrofReportedRSForSINR is configured to be larger than one, or if the higher layer parameter groupBasedBeamReporting is configured as 'enabled', the UE shall use differential L1-SINR based reporting, where the largest measured value of L1-SINR is quantized to a 7-bit value in the range [-23, 40] dB with 0.5 dB step size, and the differential L1-SINR is quantized to a 4-bit value. The differential L1-SINR is computed with 1 dB step size with a reference to the largest measured L1-SINR value which is part of the same L1-SINR reporting instance.



4. Conclusion
In this contribution, we discussed the enhancements on multi-beam operation in Rel-16. Based on the discussion, we made following proposals.
Proposal 1: 
· Default spatial relation for dedicated-PUCCH/SRS is supported regardless of UE capability of beamCorrespondenceWithoutUL-BeamSweeping. 
· Adopt the following TP in TS38.213 section 9.2.2:
	9.2.2	PUCCH Formats for UCI transmission
[…]
If a UE
-	reports beamCorrespondenceWithoutUL-BeamSweeping, 
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo in FR2,
a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell.
[…]




Proposal 2:
· Confirm WA (RAN#98-bis) of applicable timing for PL-RS updated by MAC CE with restriction of “if TCI-state of the activated/updated pathloss RS is ‘known’”, and additionally support following:
· If TCI-states of the activated/updated pathloss RS is ‘un-known’,
· filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, where the 1st measurement sample corresponds to be the 1st instance, (3 + T L1-RSRP) ms after sending ACK for the MAC CE.
· Note: T L1-RSRP is defined in TS38.133 section 8.10.3.

Proposal 3:
· Reuse the same applicable timing of default PL-RS as that of PL-RS updated by MAC CE 

Proposal 4:
· If both spatial-relation/PL-RS are not configured in FR2, and if TCI-state used for default spatial relation/PL-RS is updated by MAC CE, define applicable timing for higher layer filtered RSRP of pathloss measurement for default PL-RS of PUCCH/SRS/PUSCH after the MAC CE. 
· Filtered RSRP value for previous pathloss RS will be used before the application time, which is the next slot after the 5th measurement sample, 
· if the TCI-state of the activated/updated pathloss RS is ‘known’, the 1st measurement sample corresponds to be the 1st instance, 3ms after sending ACK for the MAC CE,
· else if TCI-states of the activated/updated pathloss RS is ‘un-known’, the 1st measurement sample corresponds to be the 1st instance, (3 + T L1-RSRP) ms after sending ACK for the MAC CE. 
· [bookmark: _GoBack]Note: T L1-RSRP is defined in TS38.133 section 8.10.3.
· UE is only required to track the activated PL RS(s). 
· It is up to UE whether to update the filtered RSRP value for previous PL RS 3ms after sending ACK for the MAC CE.

Proposal 5: 
· Adopt the following TP in TS38.214 section 5.2.1.4.4:
	5.2.1.4.4	L1-SINR Reporting
For L1-SINR computation, for channel measurement the UE may be configured with NZP CSI-RS resources and/or SS/PBCH Block resources, for interference measurement the UE may be configured with NZP CSI-RS or CSI-IM resources.
-	for channel measurement, the UE may be configured with CSI-RS resource setting up to 64 CSI-RS resources or up to 64 SS/PBCH Block resources.
For L1-SINR reporting, if the higher layer parameter nrofReportedRSForSINR in CSI-ReportConfig is configured to be one, the reported L1-SINR value is defined by a 7-bit value in the range [-23, 40] dB with 0.5 dB step size, and if the higher layer parameter nrofReportedRSForSINR is configured to be larger than one, or if the higher layer parameter groupBasedBeamReporting is configured as 'enabled', the UE shall use differential L1-SINR based reporting, where the largest measured value of L1-SINR is quantized to a 7-bit value in the range [-23, 40] dB with 0.5 dB step size, and the differential L1-SINR is quantized to a 4-bit value. The differential L1-SINR is computed with 1 dB step size with a reference to the largest measured L1-SINR value which is part of the same L1-SINR reporting instance.
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Appendix
The performance requirement of the beam correspondence [TS38.101-2]:
[bookmark: _Toc13085724]6.6.4	Beam correspondence for power class 3
[bookmark: _Toc13085725]6.6.4.1	General
The beam correspondence requirement for power class 3 UEs consists of three components: UE minimum peak EIRP (as defined in Clause 6.2.1.3), UE spherical coverage (as defined in Clause 6.2.1.3), and beam correspondence tolerance (as defined in Clause 6.6.4.2).  The beam correspondence requirement is fulfilled if the UE satisfies one of the following conditions, depending on the UE’s beam correspondence capability, as defined in TS 38.306 [14]:
-	If [bit-1], the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with its autonomously chosen UL beams and without uplink beam sweeping.  Such a UE is considered to have met the beam correspondence tolerance requirement.
-	If [bit-0], the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with uplink beam sweeping.  Such a UE shall meet the beam correspondence tolerance requirement defined in Clause 6.6.4.2 and shall support uplink beam management, as defined in TS 38.306 [14].
[bookmark: _Toc13085726]6.6.4.2	Beam correspondence tolerance for power class 3 
The beam correspondence tolerance requirement ∆EIRPBC for power class 3 UEs is defined based on a percentile of the distribution of ∆EIRPBC, defined as ∆EIRPBC = EIRP2 - EIRP1 over the link angles spanning a subset of the spherical coverage grid points, such that
-	EIRP1 is the total EIRP in dBm calculated based on the beam the UE chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal, which is based on beam correspondence without relying on UL beam sweeping.
-	EIRP2 is the best total EIRP (beam yielding highest EIRP in a given direction) in dBm which is based on beam correspondence with relying on UL beam sweeping.
-	The link angles are the ones corresponding to the top Nth percentile  of the EIRP2 measurement over the whole sphere, where the value of N is according to the test point of EIRP spherical coverage requirement for power class 3, i.e. N = 50.
-	The side condition for SSB and CSI-RS are TBD.
For power class 3 UEs, the requirement is fulfilled if the UE’s corresponding UL beams satisfy the maximum limit in Table 6.6.4.2-1.
Table 6.6.4.2-1: UE beam correspondence tolerance for power class 3
	Operating band
	Max ∆EIRPBC at 85th %-tile ∆EIRPBC CDF (dB)

	n257
	[3.0]

	n258
	[3.0]

	n260
	[3.2]

	n261
	[3.0]

	NOTE:	The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1





Table A-I: Evaluation assumptions for beam selection
	Parameters
	Values or assumptions

	Scenario
	Dense Urban Micro layer only

	Carrier Frequency
	30 GHz

	Mode
	TDD

	Bandwidth
	80MHz

	Subcarrier Spacing
	120kHz

	Channel Model
	UMi in TR 38.901

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.  

	ISD
	200m

	BS Tx power
	39dBm

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,2,2)(dH,dV) = (0.5, 0.5)λ (dg,H,dg,V) = (4.0, 2.0)λ

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; The polarization angles are 0 and 90

	UE array orientation
	ΩUT,a  uniformly distributed on [0,360] degree, ΩUT,b = 0 degree, ΩUT,g = 0 degree

	BS antenna pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	Ideal

	Scheduling algorithm
	PF

	BS antenna height
	10m

	UE antenna height
	Same as 3D-UMi in TR36.873

	UE antenna gain
	5dBi

	UE receiver noise figure
	10dB

	Criteria for selection for serving TRxP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered

	Criteria for analog beam selection for serving TRxP
	L1-RSRP only, L1-SINR only, L1-RSRP and L1-SINR

	Traffic model
	Full buffer/FTP model 1

	UE distribution
	80% indoor; 20% outdoor. 20 users per TRP 
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