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Introduction
In this contribution we discuss UE support for Beam Correspondence is essential functionality for FR2 NR operations using beams for achieving sufficient coverage.
UE support for Beam Correspondence
RAN1 has not be able to decide if NR Beam Correspondence is mandatory UE feature (2-20). Some companies have felt that mandatory UE support would not be possible due to lack of UE requirements. 

	2-20
	Beam correspondence
	1. Support Beam correspondence
2. When CA is configured, whether the same beam correspondence relationship for beam management is supported across CCs. 
Note: RAN4 to check the feasibility for component-2, e.g. intra-band or inter-band
	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

Component-2, candidate value: {Yes, No}

	[Mandatory/optional] with capability signaling



RAN4 has now agreed the FR2 requirements for Beam Correspondence for PC3 UE in TS38.101-2 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 …



Following the latest RAN4 agreements on FR2 beam correspondence requirements it should now be possible for RAN to decide mandatoryness of Beam Correspodence. Earlier in RAN1 it had tentatively been agreed already that Beam Corresponce would be [Mandatory at least for FR2] but due to lack of consensus on RAN4 requirements, the decision was reopened again instead of confirming RAN1’s earlier recommendation in RAN. RAN1’s earlier indication of [Mandatory at least for FR2] already shows how critical Beam Correspondence is for FR2 NR operations to enable beams for good FR2 NR coverage, but the group was hesistant on confirming such recommendation without a definitions of Beam Correspondence being agreed first in RAN4.  Effectively, without Beam Correspondence there is no guarantee that a UE will be able to perform initial access in FR2 in a reasonable time, implying much larger power consumption on the UE and increased interference towards neighboring cells. In Connected mode, lack of beam correspondence implies likely the transmission of RS for beam training before each UL transmission, as the UE would always operate with the uncertainy of best UL beam. From a system perspective there may be severe consequences as all UEs would need such training, leading to large overhead and inflexible scheduler design. 
Proposal 1: Beam Correspondence (2-20) is mandatory for UE for FR2
CSI-RS based Beam Correspondence

RAN4 asks the following questions on UE’s CSI-RS support in Beam Correspondence from RAN and RAN1 in its LS in [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?



It was commented in the RAN4 discussions that it should not be mandatory for the UE to support CSI-RS in Beam Correspondence. In the discussions it was e.g. mentioned that if UE only supports only 1 for active spatial relations feature 2-60, the UE could not read repeated CSI-RS (the values >1). In our understanding there is a confusion between the meaning of values reported in FG 2-60 and the repetition of CSI-RS in FG 2-26. When a UE indicates value ‘1’ in 2-60 it means that it maintains one active spatial relation between a unique DL RS and SRS, but it does not specify the exact configurations and settings that are applicable for such ‘unique DL RS’. Naturally there is different expectation on the performance of Beam Correspondence for different configurations of the DL RS used to support it, but in any case the UE is expected to support the feature itself. 

	2-60
	Active spatial relations
	Maximum total number of {unique DL RS (except for aperiodic NZP CSI-RS) and SRS without spatial relation configured, and, TCI states available for DCI triggering of aperiodic NZP CSI-RS}, for indicating spatial domain transmit filter for PUCCH and SRS for PUSCH, per BWP per CC
	Note: Only applicable for FR2

FFS whether DL RS in the active TCI states and the active spatial relation info can be different if 2-60 is set to 1 and if different whether or not new UE behavior is needed
	Candidate value set: {1, 2, 4, 8, 14}
	




	2-26
	Receiving beam selection using CSI-RS resource repetition "ON"
	1. Support Rx beam switching procedure using CSI-RS resource repetition "ON"
2. Recommended CSI-RS resource repetition number per resource set, 

	
	Support Rx beam switching is mandatory for bands at least > 6GHz

Componet-2: candidate value set {2, 3, 4, 5, 6, 7, 8}
	Mandatory with UE capability at least for FR2




It was also commented in the RAN4 discussions that CSI-RS would be optional for the UE in beam correspondence because due to UE feature 2-26 (Receiving beam selection using CSI-RS resource repetition "ON”). However, it is worth noting that this feature has already been agreed to be mandatory for the UE at least for FR2. Moreover, this feature only impacts the quality that can be achieved by Beam Correspondence, but not the support to the feature itself, as explained above. Also RAN1 has agreed the UE feature 2-24 (SSB/CSI-RS for beam measurement) to be mandatory for UE. While the UE measurements and algorithms for beam correspondence is left up to the implementation, it is likely that the UE uses similar measurements for the beam correspondence purposes as for beam measurements. The RAN1 UE feature list does not give any priority for SSB over CSI-RS based beam measurements or beam corresponce support but instead both SSB and CSI-RS based beam measurements are mandatory for UE. Similar both SSB and CSI-RS based beam correspondence should be mandatory for the UE. It is also worth noting that the UE feature for Beam Correspondence does not even differentiate UE support for SSB and CSI-RS based Beam Correspondence and it would not be possible for the network to know if the UE only supports one of the DL reference signals for Beam Correspondence. One of the reasons is that SSB based beams may be wider beams and CSI-RS based beams are more narrow sub-beams of the SSB beams as shown in the example of Figure 1. This enables wider beams for idle mode operations and narrower beams for connected mode operations. 
[image: ]
[bookmark: _Ref530571816]Figure 1: Example of SSB based and CSI-RS based beams

Figure 2 illustrates an another example of beams where both SSB and CSI-RS beams are the same narrow beam. Since SSB and CSI-RS beams may have different system optimization criteria, the UE cannot assume that beam correspondence obtained through SSB as DL reference correspondes to the beam correspondence obtained through CSI-RS as DL reference. Instead, it is important that the UE performs beam correspondence based on DL reference signal configured by the network instead of making its own choices. This is also indicated in the agreed RAN4 Beam Correspondence requirements [4], where the UE needs to be able to performance beam correspondence based on SSB only and CSI-RS only as DL reference signal configured by the network. 

[image: ]
[bookmark: _Ref530653710]Figure 2: Second example of SSB and CSI-RS based beams

Remaining open question on RAN4 Beam Correspondence requirements is if it is mandatory for the UE to support CSI-RS based Beam Correspondence. As discussed in this contribution, without all UEs supporting both SSB and CSI-RS based beam correspondence, it is difficult or even impossible for the network to know which DL reference signals UE supports for Beam Correspondence.
Observation 1: It is not possible to differentiate UE support for CSI-RS and SSB based beam correspondence in the current UE capability signalling
Observation 2: SSB and CSI-RS based beams e.g. in idle mode and connected mode respectively may have different widths
Proposal 2: Both CSI-RS only and SSB only based Beam Corresponce is mandatory for UE

	[bookmark: _GoBack]2-24
	SSB/CSI-RS for beam measurement 
	1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot shall not exceed MB_1 
1a. The max number of CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP shall not exceed MC_1 
2. The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2 
3. Supported density of CSI-RS 
4. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-RSRP shall not exceed MD_1
	
	Mandatory with capability signaling
Component-1, candidate value set for MB_1 is {0, 8, 16, 32, 64}
On FR2, UE is mandated to signal MB_1 >=8
On FR1, MB_1 >=8 is supported mandatory with capability signaling. 
Component-1a, candidate value set for MC_1 is {0, 4, 8, 16, 32, 64}
Component-2, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}
Component-3: candidate value set: 
{“not supported”, “1 only”, “3 only”, “both 1 and 3”}
On FR2, UE is mandated to signal either “3 only” or “both 1 and 3”
On FR1, either “3 only” or “both 1 and 3” is mandatory with UE capability signaling.
Component-4, candidate value set for MD_2 is {0, 1, 4, 8, 16, 32, 64}
For FR2, UE is mandated to report at least 4
FFS the mandated value for FR1
	




Proposal
In this contribution we have discussed the importance of UE support for Beam Correspondence for FR2 NR operations. Based on the discussion we make the following proposals: 
Proposal 1: Beam Correspondence (2-20) is mandatory for UE for FR2
Proposal 2: Both CSI-RS only and SSB only based Beam Corresponce is mandatory for UE
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