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1
Introduction
RAN4#88bis made a working agreement for the way-forward on beam correspondence [1].

	Open issues to be resolved in #89
· The following open issues need to be addressed in RAN4 #89:

· DL measurement signals 

· If DL measurement signals need to specify in RAN4 or RAN5 specifications

· Which DL measurement signals (SSB and/or CSI-RS) should be specified 

· SRS

· whether clarification on SRS configuration used in the BC test is needed in RAN4 or RAN5 specs

· A clarification on polarization of DL signals used by TE should be included in a recommendation to RAN5

· If the above open issues are solved, the texts in the next slide should be captured in 38.101-2.

· Which requirement needs to be specified for PC1, PC2 and PC4


	· 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 refinement.

· 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 addition to the above open issues discussed in RAN4, RAN1 in the LS on UE feature list [2] asked RAN4 to check the beam correspondence in case of carrier aggregation to finalize the UE feature list. 

	2.20 Beam correspondence
Component
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 Component-2, candidate value: {Yes, No}


We discuss our view on the above open issues of beam correspondence.
2
Discussions
· DL measurement Signal
When the network relies on the beam correspondence of UE, the network assumes that UE always transmit to the same direction as downlink regardless of what DL and UL channels/signals are used, regardless of the UE states in connected mode or idle mode. DL can be SSB, CSI-RS, PDCCH, or PDSCH; UL can be SRS, PRACH, PUCCH, or PUSCH. The beam correspondence is applied any pair of DL and UL channels for the communication between UE and gNB.
Observation 1: Beam correspondence is required for any pair of DL and UL channels for the communication between UE and gNB both in idle state and connected state.
There is an open issue which DL measurement channels are used in Rel-15 beam correspondence requirement. Both SSB and CSI-RS are essential DL reference channels/signals to verify the beam correspondence. Thus, we should develop both test cases with SSB alone and with CSI-RS.

Proposal 1: Both SSB and CSI-RS test cases shall be developed for the beam correspondence requirement. 

Although any pair of channels shall have the beam correspondence we consider the following pairs would be the primary ones to verify the beam correspondence.

SSB + SRS in connected state

CSI-RS + SRS in connected state

SSB + PRACH in idle state

Observation 2: For connected mode, SRS will be the primary UL signal to verity the beam correspondence relative to DL CSI-RS as well as DL SSB. For idle state, PRACH will be the primary UL channel relative to DL SSB.
· SRS configuration

SRS can be used as a primary UL signal when the beam correspondence requirement is tested relative to CSI-RS as well as SSB. The configuration parameter can be further discussed in RAN5.

Observation 3: UL configuration parameters can be further discussed in RAN5.

· Polarization

The polarization configuration is not a critical matter when we test the BC. Regardless of what polarization is used in DL, UE shall transmit the UL to the same special direction as DL. The uplink polarization is also not critical in our view and can be considered UE implementation specific.

It is reasonable to assume two cross orthogonal polarizations are transmitted by SS (system simulator) when BC is tested. However, this may have a dependency on the availability of test equipment. RAN5 needs to further study the test complexity to conclude the test configuration. Thus, we think this can be further discussed in RAN5 how DL polarizations are configured in BC testing
Observation 4: BC shall be met regardless of DL and UL polarization. The polarization configuration can be further discussed in RAN5 considering the availability of test equipment and complexity of testing.
· Carrier aggregation

In the LS on RAN1 UE feature list [2], RAN1 asked RAN4 to check what is the beam correspondence across the component carriers. The beam correspondence is defined as per band capability (Type 1); thus, it is not necessary to open the discussion on the inter-band case, although inter-band is mentioned in the RAN1 UE feature list.

For intra-band carrier aggregation, the beam formulation both in downlink reception and uplink transmission are not independent among CCs. The same beam correspondence relationship always exits for the entire RF bandwidth per band of the UE. In case of non-contiguous carrier aggregation for the large frequency separation, there may be a frequency dependent beam pointing error due to antenna frequency response variation, which shall be considered within RAN4 when the minimum beam correspondence requirement is specified in UL carrier aggregation configuration. In conclusion, RAN4 understands that there is no need to introduce another component in the UE feature list to distinguish the beam correspondence among CCs. (or otherwise, “yes’ is always indicated.)
Proposal 2: RAN4 informs RAN1 that the component-2 is not necessary (or always “yes” is indicated) because the same beam correspondence relationship always exits in intra-band carrier aggregation.

· Mandatory or Optional for PC1/2/3/4
The beam correspondence is the essential feature for the mobile devices. Scanning the uplink beams for a large number of devices in the network degrades the system performance significantly. We understand that the UE without beam correspondence is a special type of devices, such as fixed wireless for example, where the beam scan is required only at the installation time, or other types of devices that do not occupy the significant amount of radio resource for the beam scans. If a majority of mobile devices do not to have beam correspondence, there will be a serious impact to the 5G network performance. Although the decision on this UE capability is not in the RAN4 responsibility, we propose that RAN4 makes a following recommendation to RAN and RAN1 to mandate the beam correspondence to the power class 2, 3 and 4 devices (all mobile device types in Rel-15, i.e., vehicular mounted, handheld, and handheld high-power UE, respectively.)
Proposal 3: RAN4 recommends RAN and RAN1 that the beam correspondence should be mandatory for all mobile devices, i.e., PC2, PC3 and PC4.

For PC2 and PC4, it was not agreed if we can use the same requirement formulation discussed for PC3, i.e., to use the peak EIRP and EIRP spherical coverage to verify the beam correspondence requirement. There is no specific reason not to use the same principle as PC3 for the other types of mobile devices. All those UEs behaves in a similar way in the network point of view and the requirement shall be verified using the same principle. Thus, the same formulation as PC3 can be applied to PC2 and PC4 but with different peak EIRP and EIRP spherical coverage requirements that are designated for these power classes.
Proposal 4: The same requirement formulation can be used for PC2 and PC3, i.e., to use the peak EIRP and EIRP spherical coverage in Rel-15 for verifying BC.

· Further work on Rel-16.

The BC requirement in the WF [1] has issues to test the beam correspondence as only the peak EIRP and EIRP spherical coverage at 50%-tile point are tested; if the UE has enough minimum peak EIRP margin, the beam steering error could be as large as such margin. Furthermore, a half of sphere does not need to have BC for meeting the 50% spherical coverage requirement. We believe the current approach is sufficient in Rel-15 to make sure a certain level of BC is implemented and tested in the initial release of the NR. However, for Rel-16, we propose to study if further refinement of the BC requirement can be made.
Proposal 5: RAN4 studies if further refinement of the BC requirement can be done in Rel-16.
3
Conclusions 

Observation 1: Beam correspondence is required for any pair of DL and UL channels for the communication between UE and gNB both in idle state and connected state.

Proposal 1: Both SSB and CSI-RS test cases shall be developed for the beam correspondence requirement. 

Observation 2: For connected mode, SRS will be the primary UL signal to verity the beam correspondence relative to DL CSI-RS as well as DL SSB. For idle state, PRACH will be the primary UL channel relative to DL SSB.
Observation 3: UL configuration parameters can be further discussed in RAN5.

Observation 4: BC shall be met regardless of DL and UL polarization. The polarization configuration can be further discussed in RAN5 considering the availability of test equipment and complexity of testing.

Proposal 2: RAN4 informs RAN1 that the component-2 is not necessary (or always “yes” is indicated) because the same beam correspondence relationship always exits in intra-band carrier aggregation.

Proposal 3: RAN4 recommends RAN and RAN1 that the beam correspondence should be mandatory for all mobile devices, i.e., PC2, PC3 and PC4.

Proposal 4: The same requirement formulation can be used for PC2 and PC3, i.e., to use the peak EIRP and EIRP spherical coverage in Rel-15 for verifying BC.

Proposal 5: RAN4 studies if further refinement of the BC requirement can be done in Rel-16.
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