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1.	Introduction
At previous RAN5 meeting there were still a few clauses that need to be defined in RAN WG4, such as the side conditions for beam correspondence and the UE beam correspondence tolerance for power class 3 need to be confirmed. At the RAN4#92 meeting the beam correspondence requirements for power class 3 was confirmed. However, some of the beam correspondence side conditions were agreed at RAN4#92, but the SNR side conditions were still missing. The side conditions that were agreed for beam correspondence are listed below:
1. SSB: 20 RB, CSI-RS: 48 RB (100 MHz), SCS: 120 kHz, periodicity: 20 ms 
2. SNR for DL reference signals shall be ≥ 6 dB for all grid points that satisfy spherical coverage requirements
3. The requirement shall be defined for any UL channel BW size with CSI-RS of fixed size and density. The DL and UL channel sizes shall be the same during verification
4. DL channel shall be configured for zero power on all tones except those used by CSI-RS in slots containing CSI-RS for beam refinement
5. 2 slots of CSI-RS per grid point
6. SSB slots shall be time multiplex with CSI-RS slots
7. The beam correspondence for PC1/2/4 will be void for Rel-15









In this contribution, we provide our understanding of the core requirements for beam correspondence side conditions and provide candidates for the beam correspondence settings. 

2.	Core Requirements for Beam Correspondence Side Conditions
It was decided at RAN4#92 that the beam correspondence tolerance for power class 1, 2 and 4 will not be completed in Rel-15 and those sections should be voided. With that being said, Rel-15 scope will only include power class 3. In regards to Rel-16 scope, beam correspondence in power class 1, 2 and 4 may still be discussed in RAN4.
Proposal 1: For power class 1, 2 and 4 those sections should be listed as void for Rel-15.
The beam correspondence requirements are verified based on the CSI-RS parameters defined in Table A.3.1.2-2: CSI-RS parameters [1] and additions agreed in [2]. The main changes in document [2] is the addition of nrofRBs = 32 for CSI-RS (50 MHz channel BW), otherwise beam correspondence based on CSI-RS would have been untestable for 50 MHz BW.

-------------------------------------------Excerpt from TS 38.101-2 start -----------------------------------------
CSI-RS configuration parameter defined in Table A.3.1-2 is used for verifying the beam correspondence requirement, 2 slots of CSI-RS shall be provided at each test grid point. The DL channel shall be configured for zero power on all tones except those used by CSI-RS in slots containing CSI-RS for beam refinement, and the DL and UL channel sizes shall be the same during verification.
Table A.3.1-1: Test parameters
	Parameter
	Unit
	Value

	CORESET frequency domain allocation
	
	Full BW

	CORESET time domain allocation
	
	2 OFDM symbols at the begin of each slot

	PDSCH mapping type
	
	Type A

	PDSCH start symbol index (S)
	
	2

	Number of consecutive PDSCH symbols (L)
	
	12

	PDSCH PRB bundling
	PRBs
	2

	Dynamic PRB bundling
	
	false

	MCS table for TBS determination
	
	64QAM

	Overhead value for TBS determination
	
	0

	First DMRS position for Type A PDSCH mapping
	
	2

	DMRS type
	
	Type 1

	Number of additional DMRS
	
	2

	FDM between DMRS and PDSCH
	
	Disable

	CSI-RS for tracking
	OFDM symbols in the PRB used for CSI-RS
	
	l0 = 8 for CSI-RS resource 1
l0 = 12 for CSI-RS resource 2

	
	CSI-RS periodicity
	Slots
	60 kHz SCS: 40 for CSI-RS resources 1 and 2
120 kHz SCS: 80 for CSI-RS resources 1 and 2

	
	CSI-RS offset
	Slots
	0 for CSI-RS resources 1 and 2

	PTRS configuration
	
	PTRS is not configured



Table A.3.1-2: CSI-RS parameters
	Resource Type
	aperiodic

	Resource Set Config
	

	repetition
	on

	aperiodicTriggeringOffset
	Depending on UE capability

	Resource Config
	

	nzp-CSI-RS-ResourceId
	30 for resource #0

	
	31 for resource #1

	
	32 for resource #2

	
	33 for resource #3

	
	34 for resource #4

	
	35 for resource #5

	
	36 for resource #6

	
	37 for resource #7

	powerControlOffset
	0

	powerControlOffsetSS
	db0

	nrofPorts
	1

	firstOFDMSymbolInTimeDomain
	6 for resource #0

	
	7 for resource #1

	
	8 for resource #2

	
	9 for resource #3

	
	10 for resource #4

	
	11 for resource #5

	
	12 for resource #6

	
	13 for resource #7

	cdm-Type
	noCDM

	density
	3

	nrofRBs
	48 for channel bandwidth≥100MHz
32 for channel bandwidth=50MHz

	qcl-info
	Type D to SSB



-------------------------------------------Excerpt from TS 38.101-2 end -----------------------------------------
Observation 1: The nrofRBs = 32 for CSI-RS (50 MHz channel BW), otherwise 50 MHz would be untestable.
For FR2, at RAN5#83 meeting the test point was changed from 100 MHz to lowest, highest test channel bandwidth for UE maximum output power (MOP) – spherical coverage testing. Moreover, based on RAN4 contribution in [4] in regards to the development of the test, MOP of all supported channel BWs including 50 MHz BW are necessary to be verified. So, it was determined that MOP test for 50 MHz could not be skipped, which means that beam correspondence based peak EIRP and spherical coverage test for 50 MHz cannot be skipped as well.  
Proposal 2: Select lowest and highest test channel bandwidths for beam correspondence in FR2.
This means that the conformance test configuration in TS 38.521-2 Table 6.2.1.1.4.1-1 [3] should be modified as shown below to include test channel BWs “Lowest” and “Highest”. 
Table 6.6.1.4.1-1: Test Configuration Table
	Default Conditions

	Test Environment as specified in TS 38.508-1 [10] subclause [4.1]
	Normal

	Test Frequencies as specified in TS 38.508-1 [10] subclause [4.3.1]
	Low range, High range

	Test Channel Bandwidths as specified in TS 38.508-1 [10] subclause [4.3.1]
	Lowest, Highest

	Test SCS as specified in Table 5.3.5-1
	120 kHz

	Test Parameters

	Test ID
	ChBw
	SCS
	Downlink Configuration
	Uplink Configuration

	
	
	Default
	N/A
	Modulation
	RB allocation (NOTE 1)

	1
	50
	
	
	DFT-s-OFDM QPSK
	Inner_Full

	2
	100
	
	
	
	

	3
	200
	
	
	
	

	4
	400
	
	
	
	

	NOTE 1:	The specific configuration of each RF allocation is defined in Table 6.1-1.



Proposal 3: The test configuration Table 6.6.1.4.1-1 should be modified as shown above.
The beam correspondence requirements side conditions for SSB and CSI-RS were endorsed at RAN4#92bis meeting in document [2] and provided below.
------------------------------------------Excerpt from TS 38.101-2 endorsed CR start -----------------------------------------
The beam correspondence requirements are only applied under the following conditions:
-	The downlink reference signals including both SSB and CSI-RS are provided and Type D QCL shall be maintained between SSB and CSI-RS.
-	The reference measurement channel for beam correspondence are fulfilled according to the CSI-RS configuration in Annex A.3.
-	The beam correspondence conditions for L1-RSRP measurements are fulfilled according to Table 6.6.1.3.3.1.1-1 and Table 6.6.1.3.3.1.1-2.
Table 6.6.1.3.3.1.1-1: Conditions for SSB based L1-RSRP measurements for beam correspondence
	Angle of arrival
	NR operating bands
	Minimum SSB_RP Note 2
	SSB Ês/Iot

	
	
	dBm / SCSSSB
	dB

	
	
	SCSSSB = 120 kHz
	

	All angles Note 1
	n257
	-96.4
	≥6

	
	n258
	-96.4
	

	
	n260
	-92.1
	

	
	n261
	-96.4
	

	Note 1:	For UEs that support multiple FR2 bands, Rx Beam Peak values are increased by ΣMBP and Spherical coverage values are increased by ΣMBS, the UE multi-band relaxation factor in dB specified in TS 38.101-2 [3] clause 6.2.1.
Note 2:	Values specified at the Reference point to give minimum SSB Ês/Iot, with no applied noise.



Table 6.6.1.3.3.1.1-2: Conditions for CSI-RS based L1-RSRP measurements for beam correspondence
	Angle of arrival
	NR operating bands
	Minimum CSI-RS_RP Note 2
	CSI-RS Ês/Iot

	
	
	dBm / SCSCSI-RS
	dB

	
	
	SCSCSI-RS = 120 kHz
	

	All angles Note 1
	n257
	-96.4
	≥6

	
	n258
	-96.4
	

	
	n260
	-92.1
	

	
	n261
	-96.4
	

	Note 1:	For UEs that support multiple FR2 bands, Rx Beam Peak values are increased by ΣMBP and Spherical coverage values are increased by ΣMBS, the UE multi-band relaxation factor in dB specified in TS 38.101-2 [3] clause 6.2.1.
Note 2:	Values specified at the Reference point to give minimum SSB Ês/Iot, with no applied noise.



------------------------------------------Excerpt from TS 38.101-2 endorsed CR end -----------------------------------------

Observation 2: The conditions for both SSB and CSI-RS L1-RSRP measurements values are the same for each operating band.
The beam correspondence requirements are satisfied assuming the presence of both SSB and CSI-RS signals and Type D QCL is maintained between SSB and CSI-RS. For power class 3 UEs, which are the only power class required to be tested in Rel-15, the requirements are fulfilled if the UE’s corresponding UL beams satisfy the maximum limit in Table 6.6.4.2-1 as shown below.
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



Based on the UE’s beam correspondence capability requirements taken from TS 38.101-2 [1]: 
-	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].
This means that when [bit-1] the test requirements defined in TS 38.521-2 clause 6.2.1.1.5 for minimum peak EIRP and test requirements defined in clause 6.2.1.2.5 are the only requirements that need to be met taking into consideration the beam correspondence side conditions. But when [bit-0], the test requirements defined in TS 38.521-2 clause 6.2.1.1.5 for minimum peak EIRP and test requirements defined in clause 6.2.1.2.5 and the beam correspondence tolerance requirements defined in clause 6.6.1.3.3.2 need to be met taking into consideration the beam correspondence side conditions.
Observation 3: The UE beam correspondence test for power class 3 can use the test tolerances for min peak EIRP defined in clause 6.2.1.1.5 to meet the minimum peak EIRP requirements and the test tolerances for spherical coverage define in 6.2.1.2.5 to meet the spherical coverage requirements.
The test tolerances for min peak EIRP defined in clause 6.2.1.1.5 is provided below.
Table 6.2.1.1.5-3c: Test Tolerance (Min peak EIRP for Power class 3)
	Test Metric
	FR2a
	FR2b

	Quiet Zone size ≤ 30 cm
	3.18 dB
	3.31 dB



However, the test tolerances for spherical coverage in clause 6.2.1.2.5 are FFS.
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. With that being said, the beam correspondence tolerance for PC3 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. This means that test tolerances are already taken into account to meet the requirements for the minimum peak EIRP and the spherical coverage. So, it is proposed that no additional TT is needed on top of the beam correspondence tolerance.
Proposal 4: No additional TT is needed to meet the beam correspondence tolerance requirement.

3.	Conclusion
In this contribution, we discussed our understanding of beam correspondence tolerance core requirements and investigate various candidates for the beam correspondence tolerance requirements settings. Based on the discussion, our views and proposals are summarized as follows:
Proposal 1: For power class 1, 2 and 4 those sections should be listed as void for Rel-15.
Observation 1: The nrofRBs = 32 for CSI-RS (50 MHz channel BW), otherwise 50 MHz would be untestable.
Proposal 2: Select lowest and highest test channel bandwidths for beam correspondence in FR2.
Proposal 3: The test configuration Table 6.6.1.4.1-1 should be modified as shown above.
Observation 2: The conditions for both SSB and CSI-RS L1-RSRP measurements values are the same for each operating band.
Observation 3: The UE beam correspondence test for power class 3 can use the test tolerances for Rx Beam Peak defined in clause 6.2.1.1.5 or Spherical coverage define din 6.21.2.5.
Proposal 4: No additional TT is needed to meet the beam correspondence tolerance requirement.

References
[bookmark: _Ref525026860][1]		3GPP TS 38.101-2: "NR: User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone".
[2]	R4-1912931, "Draft CR for 38.101-2: Beam correspondence side condition", Huawei, HiSilicon.
[3]	3GPP TS 38.521-2: "NR; User Equipment (UE) conformance specification; Radio transmission and reception; Part 2: Range 2 Standalone".
[4]	R4-1911402, "Discussion on beam correspondence side condition", Samsung.

