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1. Introduction

In the plenary RAN#81, the following objectives on the enhancements on NR-MIMO were laid out, with regards to beam management [1]:
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR

During the RAN1#86-bis and #87-AH meetings, the following working assumption regarding the definition of beam correspondence was made [2]:
Working assumption:
· The followings are defined as Tx/Rx beam correspondence at TRP and UE:
· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:
· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.
· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams
· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 
· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.
· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
More refined definition can still be discussed

The establishment of beam correspondence at the UE/TRP eliminates beam management either in the UL or DL, thereby freeing up reference signal resources for data and also reducing link establishment and adaptation latency. Beam correspondence is a feature of higher importance, especially in FR2, where beamforming is essential to achieving the required SNR at the receiver for signal decoding.



















The establishment of beam correspondence at the UE and TRP would imply that beam management procedure in only one direction (either uplink or the downlink) is sufficient to determine the Tx and Rx beams at the UE and TRP. Hence, it is an important feature that is exploited to reduce link establishment and link adaptation latency.

Beam correspondence may be guaranteed in cases where the same antenna elements are used for transmission and reception. In FR2, due to the losses in switching between Tx and Rx, antenna configurations that involve separate set of antenna elements for Tx and Rx may be implemented. Due to such implementations, beam correspondence may not be a guaranteed feature at the UE/TRP. Even in the case of FR1, use-cases where varying number of antennas are used for Tx and Rx at the UE (V2X for example where more Rx than Tx antennas may be used), beam correspondence may not be guaranteed. In such implementations, for an Rx-beam to ‘correspond’ to a Tx-beam or vice versa, properties of beam direction, shape, width, etc. need to be aligned by antenna calibration. The specifics of the properties of a corresponding beam to a given Tx- or Rx-beam are ongoing topics of discussion in RAN4.

In this contribution, we discuss various use-cases of UE implementations and the resulting degrees of beam correspondence, assuming that we have ascertained the beam properties to establish correspondence between a pair of beams. We motivate the notion that beam correspondence should not be treated as a binary feature – varying degrees of beam correspondence are possible depending on array configuration, and it is beneficial to exploit the feature whenever possible. Moreover, we restrict the discussion to beam correspondence at the UE in this contribution and assume that the TRP has beam correspondence.


2. Degrees of beam correspondence

In Rel. 15, beam correspondence at the UE is reported as a binary feature – it is either supported or not. When it is supported, the gNB may initiate beam management procedure either in the UL or DL to determine both the Tx and Rx beams at the UE. When beam correspondence is not supported at the UE, beam management procedures should be performed both in the UL and DL for link establishment and link adaptation. However, because of the various implementations of antenna configurations, especially with respect to the Tx and Rx capabilities of the antenna elements, varying ‘degrees’ of beam correspondence can be achieved. To understand the various degrees of beam correspondence, the notion of a ‘corresponding beam’ is considered to be as follows: a corresponding beam to a given Tx (or Rx) beam is an Rx (or Tx) beam whose properties (such as beam direction, width, shape, etc.) are aligned with the given beam.

The following degrees of beam correspondence at the UE are possible depending on the array implementations:

a) Full beam correspondence: For every UE Tx-beam, there is a corresponding Rx-beam in the set of Rx beams and vice versa, i.e., the mapping from the set of Tx-beams to Rx-beams is bijective.

UE implementations that consider the same set of antenna elements for both Tx and Rx are guaranteed to offer full beam correspondence (example shown in Fig. 1) as the same setup used for the Rx spatial filter may be used for the Tx beam.

b) Partial beam correspondence: Not every UE Tx-beam has a corresponding Rx-beam in the set of Rx beams and/or not every UE Rx-beam has a corresponding Tx-beam in the set of Tx beams.

Two possible use-cases for partial beam correspondence
(i) Partial Rx-beam correspondence: Partial correspondence between Tx and Rx beams is possible as shown in the example use-case in Fig. 2, where a mixed configuration of Rx-only and Tx-Rx panels is used. The UE comprises two panels – one is used solely for Rx and one is used for both Tx and Rx. The Rx-beams formed by the Rx-only panel do not have corresponding Tx-beams, whereas every Rx-beam of the Tx/Rx panel has a corresponding Tx beam. 

(ii) Partial Tx-Rx beam correspondence: When distinct set of antenna elements/array panels are implemented at the UE, with one used solely for Tx and the other solely for Rx, beam properties of certain pairs of Tx and Rx beams can be aligned with array calibration, and partial beam correspondence can be achieved. Therefore, only a subset of all Tx and Rx beams correspond to each other. Neither every Tx beam has a corresponding Rx beam, nor every Rx beam has a Tx beam.

c) No beam correspondence: No UE Tx-beam has a corresponding Rx-beam in the set of Rx beams and vice versa.

In cases where a distinct set of antenna elements (or panels) are used for Tx and Rx, even with array calibration it may not be possible to obtain any pair of corresponding Tx and Rx beams. In such conditions beam management has to be performed for both UL and DL link establishment and link adaptation. An example is given in Fig. 3.

Observation 1: Array/panel configuration and their Tx/Rx capabilities at the UE give rise to various degrees of beam correspondence.

Observation 2: Partial beam correspondence may be achieved in certain UE implementations where not every UE Tx beam has a corresponding Rx beam in the set of Rx beams and/or not every UE Rx-beam has a corresponding Tx-beam in the set of Tx beams.

In FR2, UE implementations with Tx-only or Rx-only panels to combat switching losses may hinder the establishment of full beam correspondence. In FR1, on the other hand, use-cases like V2X where varying number of antenna elements may be used in the UE for Tx and Rx, result in partial or no beam correspondence at the UE. To exploit the feature whenever possible, reporting the UE capability with respect to the degrees of beam correspondence shall be studied.

Proposal 1: Reporting the UE capability with respect to the degrees of beam correspondence shall be studied.
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Figure 1: Single panel at the UE with both Tx and Rx capabilities. Full beam correspondence exists.
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Figure 2: Two panels at the UE - one for Rx and one for Tx/Rx (Beams from RX panel in red, beams from TX/RX panel in black). Partial Rx-beam correspondence at the UE. 
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Figure 3: Two panels at the UE: one for Tx and one for Rx (Beams from TX panel in blue, beams from RX panel in red). No beam correspondence between any pairs of Tx and Rx beams.




3. Study on exploiting partial beam correspondence capability to avoid UE beam sweeping/channel sounding

As provided in the examples above, it is possible to obtain partial beam correspondence with respect to the Tx or Rx beams depending on the array configuration and Tx/Rx capabilities of each array/panel. In Rel.15, the use-cases where partial beam correspondence exists will be treated as cases with no beam correspondence and hence beam management procedures will be performed in both UL and DL.

With the indication about the degree of beam correspondence at the UE, that also includes information about partial beam correspondence w.r.to Tx (or) Rx (or) Tx and Rx, the gNB may decide on the appropriate way to exploit corresponding beams when available. 

The following instances of exploiting partial beam correspondence at the UE by the gNB can be conceived:
· Partial Rx beam correspondence (as shown in Fig. 2 – every Tx-beam at the UE has a corresponding Rx beam, but not every Rx-beam has a corresponding Tx-beam): During link adaptation the gNB may trigger transmission of SRS for UL beam management, so that the Rx beam is decided automatically from the UL beam management feedback and hence, no DL beam management has to be initiated.
· Partial Rx (or) Tx-Rx beam correspondence at the UE:
· During DL beam management, the UE may indicate, along with the beam report, if there is a corresponding Tx beam for the UE Rx beam(s) receiving the reported beams. Depending on the strength of the reported beams and the availability of corresponding beams, the gNB may decide if triggering SRS for UL beam management is required.
· After receiving UL beam management feedback from the gNB, the UE may indicate to the gNB if corresponding DL Rx-beams exist for the UL Tx-beams reported by the gNB. Such an indication helps the gNB to decide if CSI-RS transmission for beam management in the DL has to be initiated to determine the DL Rx-beam at the UE.

Considering that various possibilities exist to exploit partial beam correspondence at the UE depending on the type of partial beam correspondence, the signaling of beam correspondence information along with beam management feedback and the gNB behavior in response to partial beam correspondence signaling shall be studied.

Proposal 2: The signaling of beam correspondence information along with beam management feedback and the gNB behavior in response to partial beam correspondence signaling shall be studied.


4. Conclusions

Exploiting beam correspondence when available in cases of partial beam correspondence helps in limiting beam management procedures to either just the UL or the DL. Considering the various degrees of beam correspondence and the possibilities to exploit this feature, appropriate indication and signaling of beam correspondence information shall be studied.

Observation 1: Array/panel configuration and their Tx/Rx capabilities at the UE give rise to various degrees of beam correspondence.

Observation 2: Partial beam correspondence may be achieved in certain UE implementations where not every UE Tx beam has a corresponding Rx beam in the set of Rx beams and/or not every UE Rx-beam has a corresponding Tx-beam in the set of Tx beams.

Proposal 1: Reporting the UE capability with respect to the degrees of beam correspondence shall be studied.

Proposal 2: The signaling of beam correspondence information along with beam management feedback and the gNB behavior in response to partial beam correspondence signaling shall be studied.
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