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Introduction
The Rel-15 NR Work Item [1] has made significant progress on defining the core radio access network requirements.  One of the issues remaining to be addressed as part of the effort in the respective RAN Working Groups is the Rel-15 NR UE feature list.  A number of feature groups in this list still contain yet to be defined parameters, and it is the intention of this paper to provide a number of proposals to close some of the gaps in the feature list.
Discussion (for information)
Beam correspondence
The UE feature which describes support for beam correspondence is captured as FG 2-20 in the RAN1 Rel-15 NR UE feature list [2], as shown in Table 1 below.

[bookmark: _Ref523487070]Table 1: Beam correspondence feature group (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 at least for FR2] 



The RRC specification has also created the corresponding IE 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]

Companies in RAN1 have exchanged views on whether FG 2-20 shall be optional, mandatory with signaling, or mandatory without signaling during the RAN1 #94 meeting.  The companies’ views have been summarized in Table 2 below.

[bookmark: _Ref523487210]Table 2: Summary of companies’ views on FG 2-20
	Company
	Reference
	Views on FG 2-20

	Huawei
	[4]
	Optional with capability signaling for FR2.

	HiSilicon
	[4]
	Optional with capability signaling for FR2.

	MediaTek
	[5]
	Optional or the decision should be deferred until RAN4 completes its work on beam correspondence requirement

	ZTE
	[6]
	Mandatory at least for FR2

	Apple
	[7]
	RAN1 decides on “mandatory”, “mandatory with capability signaling” or “optional” after RAN4 finalizes the RF requirement for beam correspondence

	Samsung
	[8]
	For FR2 in Feature 2-20, mandatory with capability signaling which shall be set to ‘1’

	Ericsson
	[9]
	Mandatory and only applicable for FR2

	NTT DOCOMO
	[10]
	Mandatory for FR2

	Nokia
	[11]
	Mandatory for FR2 without capability signaling

	Nokia Shanghai Bell
	[11]
	Mandatory for FR2 without capability signaling

	Intel
	[12]
	Decision to be deferred until RAN4 completes its work and responsible WG to be moved from RAN1 to RAN4. No support of beam correspondence in FR1 for Rel-15.

	Qualcomm
	[13]
	Mandatory with capability signaling for FR2



During the RAN #80 meeting an exception sheet for the core part of the Rel-15 NR WI was approved in [14]; the part relevant to the discussion on beam correspondence is shown below:

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


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 [15]:

· 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 [16]:

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 [17]:

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


Because RAN4 is making further efforts to define the beam correspondence requirement, a decision on whether FG 2-20 (in the RAN1 NR UE feature list) shall be optional, mandatory with signaling, or mandatory without signaling is postponed until after RAN4 concludes this work (i.e. until RAN #82).

Because RAN4 efforts to define beam correspondence are proceeding on a per-power class basis and can potentially define the requirement differently for different FR2 power classes, the recommendation on whether FG 2-20 (in the RAN1 NR UE feature list) is optional, mandatory with signaling, or mandatory without signaling shall be made by RAN4, and the responsibility for this feature group is transferred to RAN4.
Configured spatial relations
Three new feature groups have been introduced during the RAN1 #94 meeting following an offline discussion of the related proposal in [18].  The outcome of these discussions was captured in the RAN1 NR UE feature list [2] and is shown in Table 3 below.

[bookmark: _Ref523485662]Table 3: Configured spatial relations 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

	2-20a
	Configured spatial relations
	Maximum number of configured spatial relations per CC for PUCCH and SRS
	
	Yes
	Only one configured spatial relation for UL signals can be supported
	Type 1
	N.A.
	N.A.
	
	Note: Only applicable for FR2


	
	candidate value set: {4, 8, 16, 32, 64, 96}

	2-20b
	Active spatial relations
	Maximum number of active spatial relations with regarding to PUCCH and SRS for PUSCH, per BWP per CC

NOTE: ‘active spatial relation’ refers to the finally selected spatial relation for each PUCCH resource or SRS resource for PUSCH via MAC-CE or RRC.
	2-20a
	Yes
	Only one active spatial relation for UL control and data can be supported

	Type 1
	N.A.
	N.A.
	
	Note: Only applicable for FR2

FFS whether DL RS in the active TCI states and the active spatial relation info can be different if 2-20b is set to 1 and if different whether or not new UE behavior is needed

	
	Candidate value set: {1, 2, 4, 8, 14}

	2-20c
	Additional active spatial relation for PUCCH
	Support one additional active spatial relation for PUCCH
	2-20b
	Yes
	No additional active spatial relation for control
	Type 1 
	N.A. 
	N.A.
	
	Note: Only applicable if 2-20b is set to 1
	
	Mandatory with capability signaling 



Because no dependency between the configured spatial relations feature groups (2-20a, 2-20b, and 2-20c) and FG 2-20 is defined in the RAN1 NR UE feature list, the new feature groups shall be renumbered to improve clarity of the Rel-15 NR UE feature list.
Power boosting for pi/2 BPSK
During the RAN4 #88 meeting a power boosting feature for FR1 UEs was introduced [19]:

 1. Overall description:
RAN4 has decided to enable power boosting for PI/2 BPSK for TDD bands n40, n77, n78 and n79 with duty cycle less than 40% and will be defined in RAN4 spec (38.101-1).

In order to enable this, a one bit RRC flag (e.g. IE [P-Boost-BPSK]), for the network optionally to indicate to a PC3 UE that it may use power boosting on top of the IE P-Max, is to be defined per band. 

2. Actions
To RAN2 group
ACTION:
RAN4 respectfully asks RAN2 to take the above information into account and introduce the necessary IE


Together with this feature a new UE capability was also introduced [20]:

1. Overall Description:
RAN4 has agreed to introduce new UE capability for PC3 UE to indicate that it is capable of boosting pi/2 BPSK output power when less stringent RAN4 spectrum flatness requirements are applied.

2. Actions:
To RAN2 group
ACTION:
RAN4 requests RAN2 to take the above information into account and introduce the UE capability per band.


The latest RAN4 Rel-15 NR UE feature list has captured this capability in the following way [21]:

Table 4: Power boosting for pi/2 BPSK feature group (excerpted from [21])
	#
	Feature group
	Components
	Prerequisite feature groups 
	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 R4-17121 19)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Remarks
	Responsible WG
	Recommendation for TSG-RAN
	TSG-RAN decision

	2-15
	[Power boosting for Pi/2 BPSK for power class 3 UE] 
	1) [Power boosting for Pi/2 BPSK for power class 3 UE in TDD bands n40, n77, n78 and n79 with duty cycle less than 40%]
	[1-6, 1-7]
	[Yes]
	[Power class 3 UE does not support power boosting for Pi/2 BPSK in TDD bands n40, n77, n78 and n79 with duty cycle less than 40%] 
	[Type 1]
	[Applicable only to TDD]
	[Applicable only to FR1]
	
	[Per band capability]
	RAN4
	TBD
	



Because the UE’s ability to power boost for the pi/2 BPSK modulation is dependent on UE implementation and may also vary according to the usage scenario, the new RAN4 FG 2-15 shall be optional.


Proposals (for approval)
Based on the analysis provided in this paper, the following proposals can be made:

Proposal 1: Because RAN4 is making further efforts to define the beam correspondence requirement, a decision on whether FG 2-20 (in the RAN1 NR UE feature list) shall be optional, mandatory with signaling, or mandatory without signaling is postponed until after RAN4 concludes this work (i.e. until RAN #82).

Proposal 2: Because RAN4 efforts to define beam correspondence are proceeding on a per-power class basis and can potentially define the requirement differently for different FR2 power classes, the recommendation on whether FG 2-20 (in the RAN1 NR UE feature list) is optional, mandatory with signaling, or mandatory without signaling shall be made by RAN4, and the responsibility for this feature group is transferred to RAN4.

Proposal 3: Because no dependency between the configured spatial relations feature groups (2-20a, 2-20b, and 2-20c) and FG 2-20 is defined in the RAN1 NR UE feature list, the new feature groups shall be renumbered to improve clarity of the Rel-15 NR UE feature list.

Proposal 4: Because the UE’s ability to power boost for the pi/2 BPSK modulation is dependent on UE implementation and may also vary according to the usage scenario, the new RAN4 FG 2-15 shall be optional.
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MIMO-ParametersPerBand ::= SEQUENCE {

tci-StatePDSCH SEQUENCE {

maxNumberConfiguredTCIstatesPerCC ENUMERATED {n4, n8, nl6, n32, n64} OPTIONAL,

maxNumberActiveTCI-PerBWP ENUMERATED {nl, n2, n4, n8} OPTIONAL
} OPTIONAL,
additionalActiveTCI-StatePDCCH ENUMERATED {supported} OPTIONAL,
pusch-TransCoherence ENUMERATED {nonCoherent, partialNonCoherent, fullCoherent} OPTIONAL,
beamCorrespondence ENUMERATED {supported} OPTIONAL,
periodicBeamReport ENUMERATED {supported} OPTIONAL,
aperiodicBeamReport ENUMERATED {supported} OPTIONAL,
sp-BeamReport PUCCH ENUMERATED {supported} OPTIONAL,
sp-BeamReportPUSCH ENUMERATED {supported} OPTIONAL,
beamManagementSSB-CSI-RS BeamManagementSSB-CSI-RS OPTIONAL,

maxNumberRxBeam INTEGER (2..8) OPTIONAL,




