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1	Introduction
In this contribution, we discuss remaining issues on multi-beam enhancements.
[bookmark: _Ref178064866]2	Discussion
2.1	Default spatial relation in FR2
The following was agreed in RAN1#99:
Agreement
The following working assumption is confirmed with revision in red
The default spatial relation for dedicated-PUCCH/SRS for a CC in FR2, at least when no pathloss RSs are configured by RRC is determined by
· in case when CORESET(s) are configured on the CC, the TCI state / QCL assumption of the CORESET with the lowest ID, or
· The PL RS to be used is the QCL-TypeD RS of the same TCI state / QCL assumption of the CORESET with the lowest ID
· Note: The PL RS should be periodic RS
· in case when any CORESETs are not configured on the CC, the activated TCI state with the lowest ID applicable to PDSCH in the active DL-BWP of the CC
· Above applies at least for UEs supporting beam correspondence
· Above applies at least for the single TRP case

One of the statements in the agreement is that it applies at least for UEs supporting beam correspondence. UEs supporting beam correspondence fulfill the beam correspondence requirement in 38.101-2 [2]. The relevant sub clause in 38.101-2 is copied below:
[bookmark: _Toc21340932][bookmark: _Toc29805380][bookmark: _Toc36456589][bookmark: _Toc36469687][bookmark: _Toc37254096][bookmark: _Toc37322953][bookmark: _Toc37324359]6.6.4.1	General
The beam correspondence requirement for power class 3 UEs consists of three components: UE minimum peak EIRP (as defined in Clause 6.2.1.3), UE spherical coverage (as defined in Clause 6.2.1.3), and beam correspondence tolerance (as defined in Clause 6.6.4.2).  The beam correspondence requirement is fulfilled if the UE satisfies one of the following conditions, depending on the UE's beam correspondence capability, as defined in TS 38.306 [14]:
-	If [bit-1], the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with its autonomously chosen UL beams and without uplink beam sweeping.  Such a UE is considered to have met the beam correspondence tolerance requirement.
-	If [bit-0], the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with uplink beam sweeping.  Such a UE shall meet the beam correspondence tolerance requirement defined in Clause 6.6.4.2 and shall support uplink beam management, as defined in TS 38.306 [14].
[bookmark: _Toc21340933][bookmark: _Toc29805381][bookmark: _Toc36456590][bookmark: _Toc36469688][bookmark: _Toc37254097][bookmark: _Toc37322954][bookmark: _Toc37324360]6.6.4.2	Beam correspondence tolerance for power class 3 
The beam correspondence tolerance requirement ∆EIRPBC for power class 3 UEs is defined based on a percentile of the distribution of ∆EIRPBC, defined as ∆EIRPBC = EIRP2 - EIRP1 over the link angles spanning a subset of the spherical coverage grid points, such that
-	EIRP1 is the total EIRP in dBm calculated based on the beam the UE chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal, which is based on beam correspondence without relying on UL beam sweeping.
-	EIRP2 is the best total EIRP (beam yielding highest EIRP in a given direction) in dBm which is based on beam correspondence with relying on UL beam sweeping.
-	The link angles are the ones corresponding to the top Nth percentile  of the EIRP2 measurement over the whole sphere, where the value of N is according to the test point of EIRP spherical coverage requirement for power class 3, i.e. N = 50.

In the sub clause above, there is a reference to the UE’s beam correspondence capability, defined in 38.306 [3]:
beamCorrespondenceWithoutUL-BeamSweeping
Indicates how UE supports FR2 beam correspondence as specified in TS 38.101-2 [3], clause 6.6. The UE that fulfils the beam correspondence requirement without the uplink beam sweeping (as specified in TS 38.101-2 [3], clause 6.6) shall set the field to supported. The UE that fulfils the beam correspondence requirement with the uplink beam sweeping (as specified in TS 38.101-2 [3], clause 6.6) shall not report this field.

From the excerpts from 38.101-2 and 38.306, it is clear that all UEs support beam correspondence:
[bookmark: _Toc40373589]All UEs support beam correspondence.
The statement in the agreement from RAN1#99 on beam correspondence would thus seem superfluous. The discussion if beam correspondence is mandatory or not anymore relevant. All UEs can generate a Tx beam from an Rx beam – there is only a difference in tolerance.
What is captured in 38.213 [4] is however different:
If a UE
-	reports beamCorrespondenceWithoutUL-BeamSweeping, 
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo, 
a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell.

Strictly speaking, what has been captured in 38.213 is not according to agreements. What has been captured is essentially that a UE would have to fulfill the spherical coverage requirement without UL beam sweeping:
[bookmark: _Toc40373590]According to the specification, only UEs that fulfill the spherical coverage requirement without UL beam sweeping can use the default spatial relation.
There is no technical motivation to introduce such a restriction in the context of the default spatial relation: there is no restriction in the specification on what reference signals the gNB can configure in a spatial relation: whatever the UE reports in beamCorrespondenceWithoutUL-BeamSweeping,  the gNB can configure a DL reference signal in a spatial relation:
[bookmark: _Toc40373591]There is no restriction in the specification on what reference signals the gNB can configure in a spatial relation. 
Based on the above arguments, we propose 
[bookmark: _Toc40373593]Remove the reference to beamCorrespondenceWithoutUL-BeamSweeping in 38.213.
A text proposal is provided in section 3.1.
2.2	PUCCH spatial relation after CBRA BFR
The beam recovery procedure was introduced so that the UE can quickly discover that its currently configured beams have become non-operational. The UE can then autonomously act to restore the connection to its serving cell by discarding its current beam configuration. Rather than using its configured TCI states and spatial relations, the UE would autonomously choose a TCI state and spatial relation that would maximize the likelihood that it can reach the gNB.
The determination of such spatial recovery parameters has been carefully specified in 38.213, but only for contention-free beam recovery. However, NR supports also contention-based beam recovery on the SpCell. For contention-based beam recovery, the UE would utilize the contention-based random access procedure, as described in 38.213. In this case, since there is no description on which spatial relation the UE would use for PUCCH transmissions after beam failure, the UE would be mandated to follow the spatial relation that is activated for the PUCCH resource(s), despite the fact that these spatial relations are most probably outdated. PUCCH transmissions relying on these configured spatial relations are likely to fail.
To solve this issue, we propose to clarify that the UE should use the spatial relation it used for the PRACH transmission for subsequent PUCCH transmissions also during contention-based BFR, until it is reconfigured by the network:
[bookmark: _Toc40373594]During contention-based BFR, the UE shall transmit PUCCH using the spatial filter it used for the PRACH transmission, until reconfigured by the network.
A text proposal can be found in section 3.2.
[bookmark: _Ref189046994]3	Text Proposal

3.1	Text proposal to 38.213, sub clause 9.2.2
[bookmark: _Toc12021477][bookmark: _Toc20311589][bookmark: _Toc26719414][bookmark: _Toc29894849][bookmark: _Toc29899148][bookmark: _Toc29899566][bookmark: _Toc29917303][bookmark: _Toc36498177]9.2.2	PUCCH Formats for UCI transmission
--- omitted ---

If a UE
-	reports beamCorrespondenceWithoutUL-BeamSweeping, 
-	is not provided pathlossReferenceRSs in PUCCH-PowerControl, 
-	is provided enableDefaultBeamPlForPUCCH, and 
-	is not provided PUCCH-SpatialRelationInfo, 
a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell.

--- omitted ---

3.2	Text proposal to 38.213, clause 6
[bookmark: _Toc26719380][bookmark: _Toc20311555][bookmark: _Toc12021443][bookmark: _Ref500595654]6	Link recovery procedures
--- omitted ---


After 28 symbols from a last symbol of a first PDCCH reception in a search space set provided by recoverySearchSpaceId where a UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI, the UE assumes same antenna port quasi-collocation parameters as the ones associated with index  for PDCCH monitoring in a CORESET with index 0.
For the PCell or the PSCell, after successful completion of contention based random access procedure for beam failure recovery, after 28 symbols from a last symbol of a first PDCCH reception where the UE detects a DCI format with CRC scrambled by C-RNTI and until the UE receives an activation command for PUCCH-SpatialRelationInfo [11, TS 38.321] or is provided PUCCH-SpatialRelationInfo for PUCCH resource(s), the UE transmits a PUCCH on a same cell as the PRACH transmission using 

- a same spatial filter as for the last PRACH transmission 


- a power determined as described in Subclause 7.2.1 with , , and , and    
where qnew is the SS/PBCH block index provided by higher layers [11, TS 38.321]

Conclusion
In the previous sections we made the following observations: 
Observation 1	All UEs support beam correspondence.
Observation 2	According to the specification, only UEs that fulfill the spherical coverage requirement without UL beam sweeping can use the default spatial relation.
Observation 3	There is no restriction in the specification on what reference signals the gNB can configure in a spatial relation.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Remove the reference to beamCorrespondenceWithoutUL-BeamSweeping in 38.213.
Proposal 2	During contention-based BFR, the UE shall transmit PUCCH using the spatial filter it used for the PRACH transmission, until reconfigured by the network.
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