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1.
Introduction
The new Rel-16 work item on NR RF Requirement Enhancements for FR2 in [1] has the following objectives for enhancing FR2 UE Beam Correspondence requirements in Rel-16.

	· FR2 UE Beam Correspondence requirements to ensure that UE performs beam correspondence based on DL reference signal (SSB or CSI-RS) configured by the network
· This work is started after RAN#84 when the Rel-15 Beam Correspondence requirements are completed

· UE capability for supporting SSB based on BC and/or CSI-RS based on BC will be further discussed in WI phase.

· These requirements are only valid from Rel-16 onwards


In this contribution we discuss how different DL reference signals can be used in the NR FR2 system and what kind of implications this has on NR FR2 systems. We also propose how to enhance the Rel-15 FR2 UE Beam Correspondence requirements so that UE is required to support both SSB only and CSI-RS only based Beam Correspondence.  
2.
Discussion

The Rel-15 FR2 UE Beam Correspondence requirements allow the UE to use either SSB or CSI-RS or both for obtaining beam correspondence. This means that the network does not know which one of the DL reference signals UE uses for beam correspondence. From the system perspective this further means that it is not possible to efficiently deploy different beam widths for idle mode UEs and RRC Connected UEs as the network needs make sure that differently behaving UEs are able to operate in the Rel-15 NR FR2 network. However, originally the physical layer specifications were designed so that the network configures and indicates, which DL reference signal or signals UEs should use for beam correspondence to allow the use of different beam witdths for idle mode and RRC Connected UEs and thereby system performance optimizations and UE power savings for idle mode UEs. Figure 1 illustrates how beams could be created in Rel-16 NR FR2 networks once the UEs follow the network control what DL reference signal to use for beam correspondence.
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Figure 1: Comparison of FR2 beam widths in Rel-15 and Rel-16 after enhancements for UE beam correspondence equirements; a) In Rel-15 the same narrow (or wide) beams for SSB and CSI-RS and b) in Rel-16 wider SSB beams for idle mode UEs and narrow CSI-RS beams for RRC Connected UEs.

To allow better FR2 system performance and avoid idle mode UEs needing to be served by narrow beams and thus, cause more UE measurement activity etc we see that it is important to enhance Rel-16 FR2 NR UE core requirements in TS38.101-2 so that all the Rel-16 FR2 UEs are able to perform beam correspondence based on SSB only or CSI-RS only as configured by the network. 

In the next section we show examples how the Rel-15 FR2 UE beam correspondence requirements could be enhanced so that UE is required to support both SSB only and CSI-RS only based beam correspondence. 
3. 
Enhancements for FR2 UE beam correspondence requirements 
In this next section we show examples how the Rel-15 FR2 UE beam correspondence requirements could be enhanced to verify that Rel-16 UEs support both SSB only and CSI-RS only based beam corresponnce. In the following BC requirement examples, we have indicated updates to the Rel-15 specifications taking also into account the draft CR on BC side conditions in [3], which was endorsed in the RAN4#92bis meeting.

In  Figure 2 and Figure 3 we also illustrate examples how CSI-RS only and SSB only based beam correspondence could be configured in the test cases.  The aim of these procedures is to ensure that the UE does not assume that QCL-Type D is maintained between SSB and CSI-RS but instead the UE uses the DL reference signal, which is configured for it.
[image: image3.emf]SRS

(P3) CSI-RS with

repetitionON

CSI-RS for TRS

- QCL-TypeA

- QCL-TypeD

SSB#x

- QCL-TypeC

- QCL-TypeD

TCI#a TCI#b

SRS-spatialRelationInfo

(CSI-RS)

Target Source

(P2) CSI-RS with

repetitionOFF

gNBTX beams

TCI#b

In P2 procedureUE selectsoneCSI-RS 

resourceand gNBusesthetransmitbeam

of theselectedCSI-RS in P3 for theCSI-RS 

resource. QCL sourcefor bothP2 and P3 is 

CSI-RS for TRS.

CSI-RS (P3) basedSRS 

transmission


Figure 2: Procedure for enabling CSI-RS based Beam Correspondence verification
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Figure 3: Procedure for enabling SSB based Beam Correspondence verification

CSI-RS only based Beam Correspondence:

For CSI-RS only based BC test case additional step of P2 in addition to P1 and P3 is included to allow beam search based on SSB but it in P3 the UE has to use CSI-RS for beam correspondence i.e. the UE cannot assume that the earlier selected beam based on SSB DL reference signal measurements can still be used during the step P3. So first QCL-Type D in P2 is set to SSB and then changed to CSI-RS in P3. 
Examples of the updates needed for the Rel-15 FR2 UE Beam Correspondence requirements in Section 6.6 of TS38.101-2 are illustrated below: 
6.6
Beam correspondence

6.6.1
General

Beam correspondence is the ability of the UE to select a suitable beam for UL transmission based on DL measurements with or without relying on UL beam sweeping.  The beam correspondence requirement is satisfied assuming the use of SSB only, CSI-RS only signals or both SSB and CSI-RS as configured for the UE. The UE may not assume Type D QCL is maintained between SSB and CSI-RS. The UE shall perform Beam Correspondence based on the DL reference signal; SSB or CSI-RS as configured by the network.
6.6.2
(Void)
6.6.3
 (Void)
6.6.4
Beam correspondence for power class 3

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].

6.6.4.1.1 Side condition for SSB only based Beam Correspondence 
The beam correspondence requirements are only applied under the following conditions:
-
The SSB downlink reference signal is configured for UE to perform Beam Correspondence. 
-
Spatial Relation info = SSB 
-
Both the SSB and CSI-RS reference signals are present. The UE may not assume that QCL-Type D is maintained between SSB and CSI-RS.
-
For beam correspondence, conditions for L1-RSRP measurements are fulfilled according to Table 6.6.4.1.1-1 and Table 6.6.4.1.1-2.
Table 6.6.4.1.1-1: 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 clause 6.2.1.
Note 2:
Values specified at the Reference point to give minimum SSB Ês/Iot, with no applied noise.


6.6.4.1.2 Side condition for CSI-RS only based Beam Correspondence
The beam correspondence requirements are only applied under the following conditions:
-
The CSI-RS downlink reference signal is configured for UE to perform Beam Correspondence. 
· -
Spatial Relation info = CSI-RS
-
Both the SSB and CSI-RS reference signals are present. The UE may not assume that QCL-Type D is maintained between SSB and CSI-RS.
· The reference measurement channel for CSI-RS beam correspondence are fulfilled according to the CSI-RS configuration in Annex A.3.

-
For beam correspondence, conditions for L1-RSRP measurements are fulfilled according to Table 6.6.4.1.1-1 and Table 6.6.4.1.1-2.
Table 6.6.4.1.1-2: 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 clause 6.2.1.
Note 2:
Values specified at the Reference point to give minimum SSB Ês/Iot, with no applied noise.


Examples of the updates needed for the Annex A.3 for enhanced BC requirements:

A.3
DL reference measurement channels

A.3.1
General

Unless otherwise stated, Tables A.3.3.2-1 and A.3.3.2-2 are applicable for measurements of the Receiver Characteristics (clause 7).

Unless otherwise stated, Tables A.3.3.2-1 and A.3.3.2-2 also apply for the modulated interferer used in Clauses 7.5 and 7.6 with test specific bandwidths.

CSI-RS configuration parameter defined in Table A.3.1-3 and Table A.3.1-2 are used for verifying the CSI-RS only based beam correspondence requirement by first using Table A.3.1-3  (for P2) and then Table A.3.1-2 (for P3), 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 (P3), 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 (for P-3)
	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 CSI-RS (based on P2)


Table A.3.1-3: CSI-RS parameters (for P-2)
	Resource Type
	aperiodic

	Resource Set Config
	

	repetition
	off

	aperiodicTriggeringOffset
	Depending on UE capability

	Resource Config
	

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

	
	41 for resource #1

	
	42 for resource #2

	
	43 for resource #3

	
	44 for resource #4

	
	45 for resource #5

	
	46 for resource #6

	
	47 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


4.
Conclusions
In this contribution we have discussed the importance of FR2 UEs supporting beam correspondence using the DL reference signal configured by the network i.e. using SSB only or CSI-RS only. In Section 3 we have discussed how to enhance FR2 UE Beam Correspondence requirements so that UE is required to support both SSB only and CSI-RS only based Beam Correspondence. We have also provided detailed examples how in the test cases SSB only and CSI-RS only based beam correspondence can be verified. 

Proposal: Enhance UE Beam correspondence requirements to include both CSI-RS only and SSB only based requiremennts and then corresponding test cases e.g. based on the Annex of this contribution. 
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Annex: Enhanced BC requirements in TS38.101-2
One approach for capturing enhanced Rel-16 FR2 UE Beam Correspondence requirements in Section 6.6 of TS38.101-2: 
6.6
Beam correspondence

6.6.1
General

Beam correspondence is the ability of the UE to select a suitable beam for UL transmission based on DL measurements with or without relying on UL beam sweeping.  The beam correspondence requirement is satisfied assuming the use of SSB only, CSI-RS only signals or both SSB and CSI-RS as configured for the UE. The UE may not assume Type D QCL is maintained between SSB and CSI-RS. The UE shall perform Beam Correspondence based on the DL reference signal; SSB or CSI-RS as configured by the network.
6.6.2
(Void)
6.6.3
 (Void)
6.6.4
Beam correspondence for power class 3

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].

6.6.4.1.1 Side condition for SSB only based Beam Correspondence 

The beam correspondence requirements are only applied under the following conditions:
-
The SSB downlink reference signal is configured for UE to perform Beam Correspondence. 
-
Spatial Relation info = SSB 

-
Both the SSB and CSI-RS reference signals are present. The UE may not assume that QCL-Type D is maintained between SSB and CSI-RS.
-
For beam correspondence, conditions for L1-RSRP measurements are fulfilled according to Table 6.6.4.1.1-1 and Table 6.6.4.1.1-2.
Table 6.6.4.1.1-1: 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 clause 6.2.1.
Note 2:
Values specified at the Reference point to give minimum SSB Ês/Iot, with no applied noise.


6.6.4.1.2 Side condition for CSI-RS only based Beam Correspondence

The beam correspondence requirements are only applied under the following conditions:
-
The CSI-RS downlink reference signal is configured for UE to perform Beam Correspondence. 

-
Spatial Relation info = CSI-RS

-
Both the SSB and CSI-RS reference signals are present. The UE may not assume that QCL-Type D is maintained between SSB and CSI-RS.
· The reference measurement channel for CSI-RS beam correspondence are fulfilled according to the CSI-RS configuration in Annex A.3.

-
For beam correspondence, conditions for L1-RSRP measurements are fulfilled according to Table 6.6.4.1.1-1 and Table 6.6.4.1.1-2.Table 6.6.4.1.1-2: 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 clause 6.2.1.
Note 2:
Values specified at the Reference point to give minimum SSB Ês/Iot, with no applied noise.


One approach for capturing enhanced Beam Correspondence requirements in Annex A.3 of TS38.101-2:

A.3
DL reference measurement channels

A.3.1
General

Unless otherwise stated, Tables A.3.3.2-1 and A.3.3.2-2 are applicable for measurements of the Receiver Characteristics (clause 7).

Unless otherwise stated, Tables A.3.3.2-1 and A.3.3.2-2 also apply for the modulated interferer used in Clauses 7.5 and 7.6 with test specific bandwidths.

CSI-RS configuration parameter defined in Table A.3.1-3 and Table A.3.1-2 are used for verifying the CSI-RS only based beam correspondence requirement by first using Table A.3.1-3  (for P2) and then Table A.3.1-2 (for P3), 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 (P3), 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 (for P-3)
	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 CSI-RS (based on P2)


Table A.3.1-3: CSI-RS parameters (for P-2)
	Resource Type
	aperiodic

	Resource Set Config
	

	repetition
	off

	aperiodicTriggeringOffset
	Depending on UE capability

	Resource Config
	

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

	
	41 for resource #1

	
	42 for resource #2

	
	43 for resource #3

	
	44 for resource #4

	
	45 for resource #5

	
	46 for resource #6

	
	47 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


