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1 Background
The work on RF requirements on inter-band UL CA for FR2 started at RAN4#98-e with the following WF [1]:
· For the case of simultaneous uplink in multiple bands, companies are encouraged to study

· whether per band or per UE :

· max TRP and max EIRP limit requirements

· Emissions requirements
· P-MPR and PHR
· whether EIRP or TRP :
· Power sharing between bands if applicable (configured power) 

directed at a number of fundamental questions. The CBM/IBM aspects still unresolved for DL CA are equally applicable for UL CA and the issue of UL SCell dropping [2] also need further consideration. In view of this, the scope of the inter-band UL CA work listed in the WID [2] could be reduced or partially put on hold till the aforementioned issues are resolved so as to give room (TU) for further work on beam correspondence in Rel-17. Support of beam correspondence is fundamental for FR2 operation, but not mandatory for Rel-16 and requirements are not specified for initial access. 

The scope of the UL CA work is [3]
· Inter-band UL CA [RAN4 RF/RRM] 
· Specify requirements for inter-band UL CA for two bands.

· Define requirements for  CA_n257A-n259A based on IBM (Note this CA configuration will be moved to Basket WI in RAN#90 and more combinations may be added to Basket WI later).

· Study and if feasible define UE requirements for CBM between different freq. groups (e.g. 28GHz + 37GHz).

· Study and if feasible define UE requirements for CBM and/or IBM CA within the same freq. group (e.g. 28GHz + 28GHz), on hold until there is operator request.

· Both RF and RRM requirement aspects are in scope for UL interband CA.
The scope should be reduced to include only inter-band UL CA for two band with IBM capability, the study part should be postponed and replaced with the following:

· Enhancement of beam correspondence during initial access and connected mode [RAN4 RF]  

· SSB-based without UL beam sweeping

· For initial access, verification of beam correspondence based on msg1 spherical coverage (at least)

2 Importance of beam correspondence: should be mandatory
Support of beam correspondence is fundamental for FR2 operation. By means of beam correspondence, the UE can autonomously determine its TX beam used for transmission to a gNB based on knowledge of the RX beam used to receive data from the said gNB.

A UE supporting beam correspondence can transmit an UL signal in the direction of a received DL reference signal. Beam correspondence is important both in connected mode and for initial access. For the latter, the random-access response and msg4 are spatially QCL with the SSB (same DL beam), but there are no means for the UE to form its UL beams (msg1 and msg3) other than beam correspondence based on the said SSB.
Support of beam correspondence is, however, not mandatory: Rel-15 requirements on beam correspondence are only verified in connected mode and assumed to be met if the UE meets the spherical coverage requirements. However, for a UE with inadequate beam correspondence support (compliance with the spherical coverage requirement is optional), the determination of the TX beam for connected mode operation must be improved by SRS sweeping. These UEs would not indicate beamCorrespondenceWithoutUL-BeamSweeping in their UE capability and would have to rely on UL SRS (beam) sweeping. 
Similar rules apply for the enhanced SSB- and CSI-RS based beam correspondence specified in Rel-16 [4]:
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 IE beamCorrespondenceWithoutUL-BeamSweeping, as defined in TS 38.306 [14]:

If beamCorrespondenceWithoutUL-BeamSweeping is supported, 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 beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceSSB-based-r16 are supported, 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 using the SSB based enhanced beam correspondence requirements as defined in Clause 6.6.4.3.2. 

· If beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceCSI-RS-based-r16 are supported, 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 using CSI-RS based enhanced beam correspondence requirements as defined in Clause 6.6.4.3.3.

· If beamCorrespondenceWithoutUL-BeamSweeping is not present, 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].

· If beamCorrespondenceWithoutUL-BeamSweeping is not present and beamCorrespondenceSSB-based-r16 is supported, 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 using the SSB based enhanced beam correspondence requirements as defined in Clause 6.6.4.3.2.  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]. 

· If beamCorrespondenceWithoutUL-BeamSweeping is not present and beamCorrespondenceCSI-RS-based-r16 is supported, 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 using CSI-RS based enhanced beam correspondence requirements as defined in Clause 6.6.4.3.3. 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].
However, beam sweeping is not necessarily available in a network, and not possible during initial access. Therefore, beam correspondence without UL beam sweeping is necessary, at least during initial access. 

Observation 1: UL SRS beam sweeping is not necessarily available in a network, and not possible during initial access.
SSB is the only always-on reference signal in the network and is also the only available for beam selection during initial access. According to applicability of the current beam correspondence requirements shown above, Rel-16 enhanced beam correspondence is only an optional, which means a Rel-16 UE does not need to support SSB-based beam correspondence. 
Observation 2: Rel-16 beam correspondence enhancements are optional features; support of SSB-based beam correspondence without beam sweeping is not ensured.
3 Mandatory SSB-based BC for initial access and connected mode
Support of SSB-based beam correspondence and compliance with the corresponding minimum requirement should be mandatory. In this way, a UE does not have to rely on UL beam sweeping that is not necessarily available in all networks and never available during initial access.
For initial access, a beam correspondence requirement similar to that for connected mode could be specified. The UE should then meet a spherical coverage measurement for msg1 (part of the earlier proposal in [5]). The PRACH would be configured such that maximum preamble power is reached for each direction, but a Random Access Response (msg2) is not sent until the preamble power stops increasing. This is similar to the test procedure used for connected mode.
4 SNR side condition for beam correspondence 
Another issue is the SSB SNR. The DL reference signal in the spatial relation must also be received at a sufficiently high SNR. For the SSB-based BC requirements in Rel-16, the minimum SSB SNR is 6 dB for the grid points that satisfy spherical coverage requirements. However, in a real network, the probability of a UE making RSRP estimation errors increases when the SNR is lower. Thus, the UE may fail to select an optimal uplink beam autonomously, regardless of the UE BC capability. Therefore, consideration of a possible enhancement of beam correspondence under lower SNR is also needed.      
Observation 3: potential enhancements of beam correspondence under low SNR conditions, relevant for a real deployment, could also be considered in Rel-17 or in a future release.                                              
5 Proposal
We make the following proposals for an updated version of the WID [3]:
Proposal 1: specify further enhanced SSB-based beam correspondence tests for initial access and connected mode operation within the Rel-17 WI on NR RF Enhancements for FR2, mandatory and without beam sweeping. 

No additional capability reporting is foreseen (and not available until after initial access), but a Rel-17 compliant UE shall set the beamCorrespondenceWithoutUL-BeamSweeping for SSB-based BC in connected mode. 
Proposal 2: remove the study part on inter-band UL CA not to increase TU for the Rel-17 WI on NR RF Enhancements for FR2.
A proposed revised WID with including objectives covering the above proposals is supplied in [6].
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