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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 Information

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: Beam Correspondence IE, as defined in TS38.331 [3]

Companies have exchanged views on whether FG 2-20 and FG 2-30 shall be optional, mandatory with signaling, or mandatory without signaling during the RAN1 #94 and RAN #81 meetings. Further discussions during RAN #81 have precluded the “mandatory without capability signaling” option for both feature groups, as can be seen in [2].

In RAN4#89, the core requirement for PC3 was agreed in [4]. 

	UEs which support beam correspondence shall have the ability to select a corresponding beam for UL transmission based on DL measurements without relying on network-assisted UL beam management.
For power class 3 UEs which support beam correspondence, the requirement is fulfilled if the UE’s corresponding UL beams satisfy the minimum peak EIRP according to Table 6.2.1.3-1 and spherical coverage requirements according to Table 6.2.1.3-3 in CONNECTED MODE such that:
<Editors note: only one of the following sentences will remain after clarity for CSI-RS mandatory / other status >
-	DL RS are configured for either SSB only or CSI-RS only 
-	DL RS are configured for either SSB only or CSI-RS only, if UE supports




RAN4 however asked following questions from RAN and RAN1 in LS [5]:

	In order to resolve the remaining open issue associated with the DL RS aspects of the beam correspondence requirement, RAN4 respectfully requests RAN and RAN1 for information on the following questions:
1. Whether there exists a feature group or a collection of feature groups which can enable the UE to use CSI-RS to meet the beam correspondence requirement and, if so, what are they?
2. If the answer to Question 1 is affirmative, whether support of CSI RS for Beam Correspondence is mandatory, mandatory with capability signaling or optional?



DL Reference Signal
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 [4].  Since beam correspondence is linked to metrics related to latency, verifying this requirement when the UE is tracking beams in connected mode seems very reasonable.  In our view, UE needs some coarse reference beams for RACH to perform it as fast as possible; however, UE also needs to be provided with fine reference beams when it gets connected to the network for beam management and utilizing the best UL beam. Thus, the assumption on the presence of both SSB and CSI-RS signals is needed.

Observation 1: UE needs some coarse reference beams for RACH to perform it as fast as possible; however, UE also needs to be provided with fine reference beams when it gets connected to the network for beam management and utilizing the best UL beam.

Proposal 1: The presence of both SSB and CSI-RS signals is assumed for the definition of the requirement on beam correspondence.
Beam Correspondence and UL Beam Management
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 1 below.
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[bookmark: _Ref525742165]Figure 1: 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.

Observation 2: UL beam management based on only 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.  

It is understood that the UL beam management feature group has a relation with beam correspondence in the sense that a UE which does not support either feature is expected to have degraded performance in the network.

Discussions on optional vs. mandatory with signaling recommendations for FG 2-20 and FG 2-30 have been inconclusive in RAN #81.  One compromise solution to resolve these differences can consist 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”

This compromise proposal is illustrated in Table 2 below.

[bookmark: _Ref525736165]Table 2: Compromised 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



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

[bookmark: _GoBack]Observation 1: UE needs some coarse reference beams for RACH to perform it as fast as possible; however, UE also needs to be provided with fine reference beams when it gets connected to the network for beam management and utilizing the best UL beam.

Observation 2: UL beam management based on only 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.  

Proposal 1: The presence of both SSB and CSI-RS signals is assumed for the definition of the requirement on beam correspondence.

Proposal 2: 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 and set recommendations for both feature groups to “optional,” as shown in the table below:

	#
	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
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