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1. Introduction
In last RAN4 meeting, RAN4 did not have any consensus how to capture the beam correspondence RF requirements at FR2 and RAN plenary deferred the decision in UE feature lists whether the beam correspondence requirement is mandatory or optional feature since RAN4 do not specify the beam correspondence RF requirements in TS 38.101-2.
Based on above history, RAN4 should specify the beam correspondence RF requirements in this meeting regardless of optional/mandatory feature. Also we need to request to RAN plenary decision how UE can support the beam correspondence RF requirements as mandatory or optional feature at FR2. 

In this paper, we show our view on the relationship between beam correspondence RF requirement and spherical coverage requirements (such as spherical EIRP& EIS) at mmWave. 
2. Beam correspondence RF requirements 
In last RAN4 meeting and RAN plenary meeting, interested company propose draft CR for approval.

However, both CRs are almost similar for the contents as below

1)  6.2.5
Beam correspondence (by Apple [1])
The beam correspondence requirement indicates the ability of the UE to select a corresponding beam for UL transmission based on DL measurements presented in two orthogonal polarizations. For any link direction between UE and gNB, the corresponding UL beam is defined as the UL beam selected by the UE based on its DL measurements. 

The beam correspondence requirement is fulfilled if the UE’s corresponding UL beams satisfy the peak and spherical coverage requirements defined in Tables 6.2.1.1-1 and 6.2.1.1-3 for power class 1, Tables 6.2.1.2-1 and 6.2.1.2-3 for power class 2, Tables 6.2.1.3-1 and 6.2.1.3-3 for power class 3, and Tables 6.2.1.4-1 and 6.2.1.4-3 for power class 4.
2)  6.2.5
Beam correspondence (by Qualcomm [2])
The beam correspondence requirement indicates the ability of the UE to select a corresponding beam for UL transmission based on DL measurements presented in two orthogonal polarizations. For any link direction between UE and gNB, the corresponding beam is defined as the optimal beam available for UL transmission. 

For the current release, the beam correspondence requirement is fulfilled if the UE’s corresponding UL beams satisfy the peak and spherical coverage requirements defined in Tables 6.2.1-1 and 6.2.1-3.

Only different point is yellow color which mean whether or not allow the enhanced test methodology for beam correspondence RF requirements are considered in future.
For this topic, RAN4 already extensively discussed and already have consensus as below in RAN4 #87 meeting report as below

Agreement: Discussion on a new requirement from Rel16 is not precluded. [3]
So, there is no problem to endorse the company CR from Apple in rel-15. Based on this, we propose as below
Proposal 1: RAN4 will specify the beam correspondence RF requirements in draft CR from Apple [1] in TS 38.101-2. 

3. Relationship between Beam correspondence and EIRP/EIS spherical coverage requirements
RAN still open to discuss how to support the beam correspondence RF requirements as mandatory or optional feature in UE feature list as below [4]. Originally this was cleared in RAN1 how to support this beam correspondence feature at FR2. However, RAN1 also had different view between interested companies for supporting beam correspondence feature.

	Features
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet only)
	Need for gNB to know whether the
feature is supported by the UE
(what happens if gNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Type (see R2-1712078)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Note
	Responsible WG
	RAN WG recommendation
	TSG-RAN decision

	
	2-20
	Beam correspondence
	1. Support Beam correspondence
	 
	Yes
	Beam correspondence is not supported
	Type 1
	No need
	N.A.
	
	Note: Beam correspondence means each Tx port can be beamformed in a desirable direction but does not imply setting phase across ports
	
	[Mandatory at least for FR2] 
	


However, it was already agreed to send UE capability signalling to gNB for beam correspondence features in RAN1 chairman report [5][6].

R1-1701351
WF on beam correspondence
NTT DOCOMO, Samsung, Mitsubishi Electric, MediaTek, Sharp, OPPO, MTI
Agreements:
· For the definition of beam correspondence:

· Confirm the previous working assumption of the definition

· Note: this definition/terminology is for convenience of discussion

· The detailed performance conditions are up to RAN4

Agreements:
· Support capability indication of UE beam correspondence related information to TRP

· FFS details including capability definition,  case(s) (if any) when the indication is not necessary

R1-1709494
WF on reporting UE capability of beam correspondence


Samsung, Intel

Agreements:
· NR does not support to report UE capability of beam correspondence during RACH procedure.

· Note that UE capability of beam correspondence is reported after RACH procedure

Also, RAN1 physical layer deign principle is that UE may not support beam correspondence capability at FR2. So RAN1 specify the uplink beam management according to UE capability. In other word, they consider SRS beam sweeping for PUCCH/PUSCH transmission, then gNB indicate the # of SRS beam to PUCCH/PUSCH transmission regardless of best downlink beam direction when UE do not have beam correspondence RF capability.
Anyway, RAN4 should specify UE beam correspondence RF requirements in TS38.101-2 regardless of mandatory/optional supporting feature.
One of discussion point is how to define the beam correspondence RF requirements and spherical OTA requirements such as, spherical EIRP/EIS coverage test at FR2. 

Baseline precondition is that UE guarantee the Tx beam pattern is almost similar or same with Rx beam pattern when use same antenna type and same antenna panel for each transmission or Reception. So these conditions are only guarantee for supporting UE beam correspondence capability.
In preconditions, the UE can be omitted or replaced these spherical EIRP/EIS requirements according to the UE beam correspondence capability. For example, if UE has beam correspondence capability, then spherical EIS requirements can be replaced by spherical EIRP requirements since this UE support beam correspondence between best Rx beam and correspondence Tx beam.
To specify the beam correspondence and related spherical coverage RF requirements (EIRP/EIS), RAN4 should consider these possible cases at FR2 as below

· Case 1-1: UE support beam correspondence feature 
·  Two test cases for the spherical EIRP requirements (at 50% tile CDF point) and beam correspondence are applied.
·  Spherical EIS requirements can be replaced by spherical EIRP test
· Case 1-2: UE support beam correspondence feature
·  Regardless of UE capability for beam correspondence, three test cases for the spherical EIRP requirements (at 50% tile CDF point), beam correspondence and spherical EIS requirements are applied
· Case 2: UE do not support beam correspondence feature

·  Two test cases for the spherical EIRP requirements (at 50% tile CDF point) and spherical EIS requirements are applied
Considering above three feasible cases, RAN4 need to specify the beam correspondence and spherical EIS RF requirements. 

RAN4 already agreed the spherical EIS requirements based on multiple UE power class at FR2 as below

Table 1. Spherical EIS Requirements for power class 3 UE at FR2
	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-88.3
	-85.3
	-82.3
	-79.3

	n258
	-88.3
	-85.3
	-82.3
	-79.3

	n260
	-85.7
	-82.7
	-79.7
	-76.7

	n261
	-88.3
	-85.3
	-82.3
	-79.3


For the UE have beam correspondence capability, RAN4 should select one test case between Case 1-1 and Case 1-2. Based on above analysis with preconditions, we prefer Case 1-1 to apply the beam correspondence RF requirements and spherical EIRP requirements when NR UE have beam correspondence capability. 

For the UE do not have beam correspondence capability, need to satisfy these spherical EIRP & EIS requirements.
Based on this analysis, we propose as follow
Proposal 2. The spherical EIS coverage requirement in FR2 will be covered by spherical EIRP requirements if the UE fulfills beam correspondence RF requirements.
Proposal 3. The spherical EIS coverage requirement in FR2 can applied if the UE do not have beam correspondence capability.
4. Conclusion
In this paper we share our view on the test methodologies and propose as follow:
Proposal 1: RAN4 will specify the beam correspondence RF requirements in draft CR from Apple [1] in TS 38.101-2. 

Proposal 2. The spherical EIS coverage requirement in FR2 will be covered by spherical EIRP requirements if the UE fulfills beam correspondence RF requirements.
Proposal 3. The spherical EIS coverage requirement in FR2 can applied if the UE do not have beam correspondence capability.
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