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Introduction
The Rel-15 NR Work Item [1] has made significant progress on defining the UE RF requirement on beam correspondence.  Beam correspondence is an important UL beam management tool in NR FR2 networks, and many system performance indicators seek to optimize UL beam management metrics, such as overhead for beam training, network access latency, and UL beam gain.

In this paper we share our views on how to define core RF requirements for UE beam correspondence and provide a recommendation on the requirement’s optional vs. mandatory aspect.
Discussion (for information)
Background
The RAN1 Rel-15 NR UE feature describes two feature groups which define UE behavior for UL beam management: beam correspondence (FG 2-20) and SRS based beam management (FG 2-30).  The latest status of these feature groups, resulting from RAN #81 discussions, is shown in Table 1 below.

[bookmark: _Ref523487070]Table 1: Beam correspondence and UL beam management feature groups (excerpted from [2])
	#
	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

	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/optional] with capability signaling

	2-30
	Uplink beam management
	1 Support of SRS based beam management 
2. Supported max number of SRS resource per set (SRS set use is configured as for beam management).
3. Supported max number of SRS resource sets (SRS set use is configured as for beam management).
	
	Yes
	Uplink beam management is not supported
	Type 1
	N.A.
	N.A.
	
	
	
	[Mandatory/Optional] with capability signaling 
Component-2, candidate value set is {2, 4, 8, 16} 
Component-3, candidate value set is {from 1 to 8}



The RRC specification has also created the corresponding IEs in TS38.331 [3], as shown in Figure 1 below.
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[bookmark: _Ref523487132]Figure 1: beamCorrespondence IE, as defined in TS38.331 [3]

The exception sheet for the core part of the Rel-15 NR WI (approved in [4] during the RAN #80 meeting) tasked RAN4 with defining a UE RF requirement on beam correspondence:

For RAN4 remaining issues:
· TS38.101-2
· UL RMC for MOP, ON/OFF Mask
· 6.2.1 UE MOP for PC1/PC2/PC3/PC4
· For PC3, spherical coverage requirements for UEs which support multiple FR2 bands
· 6.2XX	MPR incl PC1-4 + CA	
· 6.x.x       beam correspondence
· 6.2XX	Configured transmitted power inc CA and ULMIMO
· 6.3.1	Minimum output power
· 6.3.2	Transmit OFF power
· 6.3.3	General ON/OFF, PRACH and PUCCH time mask
· 6.3XX	Absolute/Relative/Aggregate power tolerance for single carrier and CA
· Including RSRP estimation error and duration of related measurements
· 6.4.2      Transmit modulation quality for CA
· 6.5.3.1	Spurious emission band UE co-existence
· 7.3	How to ensure spherical coverage for EIS
· 7.4A          Max input level for CA
· 7.3AX	EIS for CA (NC)
· PCG


[bookmark: _GoBack]According to this guidance from RAN, RAN4 made further efforts to define the RF requirements for beam correspondence and reached the following agreements during RAN4 #88 [5]:

· For power class 3 UEs:
· Approach 1 (requirement based on EIRP tolerance)
· For Rel16, study to solve possible issues about Approach 1. Other approaches are not precluded.
· Approach 2 (requirement based on EIRP spherical coverage)
· For Rel15, beam correspondence is based on Approach 2 
· Whether beam correspondence UE capability is mandatory or not should be defined per power class in FR2
· RAN4 agreed to make further efforts into the definition of beam correspondence in future meetings.


RAN4 has also identified the following list of open issues related to beam correspondence and identified a path toward their resolution for the next (RAN4 #88bis) meeting [6]:

Open issues
· Requirement for power classes different from PC3:
· How to handle the requirement for these power classes
· Assumption on DL signal:
· Option 1 (only SSB) vs. Option 2 (both SSB and CSI-RS)
· Polarization of DL signals
· SRS configuration:
· The link does not use any SRS configuration
· Testability:
· Implications of including beam peak in BC requirement and potential EIRP CDF measurement grid optimization
· UL polarizations:
· Whether the requirements shall be met with both UL polarizations active

Way forward
· The open issues listed in slide 5 should be addressed
· A draft CR introducing the beam correspondence requirement in TS 38.101-2 should be approved


Further clarification was provided in the RAN4 Chairman’s report [7]:

Agreement: Whether Beam correspondence UE capability is mandatory or not should be defined for PC basis FR2.

Analysis of open issues
Because UE type differentiation has become merged with the UE power class capability signaling, the prior RAN4 agreement to consider the definition of beam correspondence on a PC basis leads to the observation that the requirement on beam correspondence can reflect the intended usage scenario of the UE type.  Thus, it is feasible to suppose that some usage scenarios, such as fixed wireless access, may be insensitive to the network performance metrics which beam correspondence seeks to optimize, and the capability may not be necessary.  How to define the requirement for PC2 and PC4 UEs should be further discussed.

Proposal 1: For PC1 the UE beam correspondence capability is not necessary, and the requirement definition for PC2 and PC4 UEs is FFS.

The assumption on DL reference signal for the requirement on beam correspondence was discussed during the RAN4 #88 meeting, and at least some companies provided the input that only SSB-based beam correspondence is not a sufficient requirement [8].  Because beam correspondence is linked to metrics related to latency, verifying this requirement when the UE is tracking beams in connected mode seems very reasonable.  Thus, the assumption on the presence of both SSB and CSI-RS signals is needed.

Proposal 2: The presence of both SSB and CSI-RS signals is assumed for the definition of the requirement on beam correspondence.

Because the requirement on beam correspondence is verified using the EIRP spherical coverage test, the assumption on the DL signal polarization for beam correspondence should be reused from the EIRP spherical coverage requirement definition.

Proposal 3: The assumption on the DL signal polarization for beam correspondence shall be reused from the EIRP spherical coverage requirement definition.

Considering the two UL beam management schemes available in the NR FR2 specification (beam correspondence-based and SRS-based), it is our understanding that if the UE signals support for beam correspondence, it should be capable of managing its uplink beam without relying on the SRS-based beam refinement procedure.  Thus, it is proposed to not use any SRS-based beam refinement when verifying the beam correspondence requirement.  
One possible testing approach for the BC-based spherical coverage test case may be:
· Emulated gNB, at each angle under test, sends CSI-RS directed to DUT, and configures P3 (DL RX beam sweep) procedure.
· Next, the gNB sends UL grant with SRI regarding an SRS with spatial relation set to this DL CSI-RS.
In our understanding, this is one possible approach to ensure that the UE does not perform SRS-based uplink beam sweeping.

Given the complexity of the family of SRS configurations in NR, the following may be feasible: that all SRS configurations to have the spatial relation set to the DL RS used for DUT RX beam selection for this direction.  Further discussions on this aspect can help converge on a resolution.

Proposal 4: If a UE supports beam correspondence, then the requirement is verified such that the link only has SRS configurations with the spatial relation set to the DL RS used for DUT RX beam selection for this direction.

Given the prior RAN4 agreement to include the beam peak EIRP value in the spherical coverage CDF, we consider the possible implications on the testing methodology, which is defined in TR38.810 [9].  For EIRP the procedure is the following:
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It is our understanding that the 3D EIRP scan provides the data set for the spherical coverage CDF, and the direction from this scan which maximizes EIRP defines the beam peak direction.  The testability implication arises from potential 3D EIRP scan optimizations, such as the coarse beam peak search procedure proposed in [10].  In the case of such optimization, if the coarse grid becomes the only grid which uniformly samples EIRP over the entire surface, then the measured EIRP CDF begins to exhibit errors relative to the true EIRP CDF, and these errors become a function of the grid spacing of the coarse grid.  Furthermore, as the grid spacing of the coarse grid increases, the probability of missing the beam peak EIRP and not including its value in the EIRP CDF increases, thereby introducing bias to the measured EIRP CDF.  If 3D EIRP scan optimizations are considered by RAN4, then they should be discussed jointly with their impact on the MU and bias of the measured EIRP CDF.  One possible solution to this issue is:

Proposal 5: Consider defining a separate EIRP CDF measurement grid, which does include the beam peak direction, in the case when 3D EIRP scan optimizations are considered.

During the RAN4 #88 meeting one company proposed including an aspect related to UL polarizations in the beam correspondence requirement.  In our understanding, FR2 NR does not describe particular UE implementation details, such as UL polarization support, in the specification.  For example, some UE implementations may employ arrays of dual-feed and dual-polarized mmWave antennas driven by a distributed PA/phase shifter architecture, while other UE implementations may employ single-feed arrays driven by a butler matrix, where the concept of “both UL polarizations” is not well defined.  This diversity in possible implementations compels the UE RF specification to avoid mandating a particular implementation in the standard.

Proposal 6: The specification shall not constrain possible UE implementations by mandating any behavior with respect to UL polarization.

The final remaining open issue associated with beam correspondence is the recommendation on the status of the feature for PC3.  Considering the already established dependence of beam correspondence on UE power class, a case can already be made for agreeing the status of beam correspondence as an optional UE feature, since power class is a UE capability.  As further considerations, we refer to our paper from the RAN4 #88 meeting, where we made the following observations [11]:

A UE without beam correspondence may fail the spherical EIRP CDF test, which is a fundamental requirement for UE to meet. This test is not intrusive to UE codebook design, and the test time is lower since UE Tx beam sweeping is not needed and this test can be combined with existing spherical coverage test. 

Observation 2:  The EIRP CDF approach is acceptable at least as a necessary condition to verify beam correspondence, although it can be further improved in future releases.

The following aspects can be further improved:  
· This test is not sufficient to ensure the optimality of the selected UL Tx beam since the selected beam is not compared with other Tx beams and its pattern is not fully verified (beampattern is not measured since it is costly to do so).  


The optimality of beam correspondence as an uplink beam management mechanism (especially if it becomes the only mechanism in the case when a UE signals “0” for FG 2-30 in the RAN1 UE feature list) should be further analyzed.  As a way to motivate the problem, we have performed a system level simulation study comparing the UL beamforming gain in terms of SINR, as perceived by the gNB.  These results are shown in Figure 2 below.
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[bookmark: _Ref525742165]Figure 2: UL beamforming gain study in terms of UL SINR

We observe that UL beam management based on beam correspondence, where the UE selects the UL beam corresponding to the DL beam with maximum power, results in 3 dB lower UL gain 50% of the time, when compared to the optimal UL beam which maximum UL SINR.  From this perspective, further efforts on improving UL beam management are needed, but for Rel-15 the beam correspondence feature should be defined as an optional feature in order to maintain forward compatibility of the NR specification.

As background of the ongoing discussions on optional vs. mandatory with signaling recommendations for FG 2-20 (beam correspondence) and FG 2-30 (SRS-based UL beam management) in the RAN1 feature list have been inconclusive in RAN #81.  One compromise solution to resolve these differences has been proposed and consists of the following aspects:
· Define a link between FG 2-20 and 2-30 such that a UE which does not support SRS-based UL beam management and does not support BC-based UL beam management is not allowed in NR
· Set recommendations for both feature groups to “optional” from the RAN1 perspective

This compromise proposal is illustrated in Table 2 below.

[bookmark: _Ref525736165]Table 2: Proposals for the beam correspondence and UL beam management feature groups
	#
	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
	RAN1 WG recommendation

	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/Optional] with capability signaling
NOTE: UE shall not signal “0” for both FG 2-20 and FG 2-30 Component-1

	2-30
	Uplink beam management
	1 Support of SRS based beam management 
2. Supported max number of SRS resource per set (SRS set use is configured as for beam management).
3. Supported max number of SRS resource sets (SRS set use is configured as for beam management).
	
	Yes
	Uplink beam management is not supported
	Type 1
	N.A.
	N.A.
	
	
	
	[Mandatory/Optional] with capability signaling 
Component-2, candidate value set is {2, 4, 8, 16} 
Component-3, candidate value set is {from 1 to 8}
NOTE: UE shall not signal “0” for both FG 2-20 and FG 2-30 Component-1



Proposal 7: Based on the above considerations, it is proposed for RAN4 to make a recommendation to RAN that the beam correspondence feature for PC3 UEs shall be optional.

The views related to the open issues associated with the beam correspondence requirement are summarized in Table 3 below.

[bookmark: _Ref525745307]Table 3: Summary of views related to the open issues associated with the beam correspondence requirement
	Open issues
	Proposed resolution

	How to handle other power classes
	Not necessary for PC1
FFS for PC2 and PC4

	Assumption on DL reference signal
Opt. 1: only SSB
Opt. 2: SSB and CSI-RS
	Opt. 2 

	Assumption on DL signal polarization
	Same assumption as the spherical coverage requirement

	SRS configuration
Opt. 1: link does not use any SRS config
Opt. 2: link only has SRS configurations with the spatial relation set to the DL RS used for DUT RX beam selection for this direction
	Opt. 2

	Testability implications on measurement grid by including beam peak in CDF
	If peak search grid is optimized, need separate grid for CDF which includes beam peak

	Whether requirement shall be met with both UL polarizations active
	Up to UE implementation

	Status of feature for PC3
Opt. 1: optional
Opt. 2: mandatory with signaling 
	Opt. 1



The proposed requirement on beam correspondence is implemented in the CR accompanying this discussion paper in [12].
Proposals (for approval)
Based on the analysis provided in this paper, the following proposals can be made:

Proposal 1: For PC1 the UE beam correspondence capability is not necessary, and the requirement definition for PC2 and PC4 UEs is FFS.

Proposal 2: The presence of both SSB and CSI-RS signals is assumed for the definition of the requirement on beam correspondence.

Proposal 3: The assumption on the DL signal polarization for beam correspondence shall be reused from the EIRP spherical coverage requirement definition.

Proposal 4: If a UE supports beam correspondence, then the requirement is verified such that the link only has SRS configurations with the spatial relation set to the DL RS used for DUT RX beam selection for this direction.

Proposal 5: Consider defining a separate EIRP CDF measurement grid, which does include the beam peak direction, in the case when 3D EIRP scan optimizations are considered.

Proposal 6: The specification shall not constrain possible UE implementations by mandating any behavior with respect to UL polarization.

Proposal 7: Based on the above considerations, it is proposed for RAN4 to make a recommendation to RAN that the beam correspondence feature for PC3 UEs shall be optional.
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52132 EIRP Measurement Procedure

The TX beam peak direction is found with a 3D EIRP scan (separately for each orthogonal polarization) with a grid
points that is 10224 (2.5deg step size) using constant step approach or 7080 using constant density approach (using the
charged particle implementation). The TX beam peak direction is where the maximum total component of EIRP is
found. The spherical coverage measurement grid points is the same as that for beam peak direction searching, i.e. 10224
(2.5deg step size) for constant step or 7080 for constant density (using the charged particle implementation). The
measurement grids is calculated under assumption of 8x2 patch antenna array, MU of absolute TX power beam peak
measurement of 0.5dB.

1) Connect the SS (System Simulator) with the DUT through the measurement antenna with polarization reference
Polmeas to form the TX beam towards the previously determined TX beam peak direction and respective
polarization.

2) Lock the beam toward that direction for the entire duration of the test.

3) Measure the mean power (Pmeas, 0) of the modulated signal arriving at the power measurement equipment (such as
a spectrum analyser, power meter, or gNB emulator).

4) Calculate EIRPg by adding the composite loss of the entire transmission path for utilized signal path, Lere o, and
frequency to the measured power Pmeas,0

5) Measure the mean power (Pmeas) of the modulated signal arriving at the power measurement equipment.

6) Calculate EIRP, by adding the composite losses of the entire transmission path for utilized signal path, Leirp ¢,
and frequency to the measured power Pmeaso

7) Calculate total EIRP = EIRPy + EIRP,
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