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1.  Introduction

For UL beam management, following agreement is made in RAN1 #86bis:
· UL beam management is to be further studied in NR

· Similar procedures can be defined as DL beam management with details FFS, e.g.:

· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)

· Note: this is not necessarily useful in all cases

· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)

· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming

· FFS Indication of information related to Tx/Rx beam correspondence is supported

· Study UL beam management based on:

· PRACH

· SRS

· DM-RS

· Other channels and reference signals are not precluded

· Study uplink beam management procedure by considering the Tx/Rx beam correspondence

· For the case of TRP and UE have Tx/Rx beam correspondence

· For the case of TRP has no Tx/Rx beam correspondence and/or UE has no Tx/Rx beam correspondence
In RAN1 NR Ad-Hoc #1, following working assumption is made:

· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s)

· Details are FFS, including at least the following study:

· Signal(s) for the mechanism(s) if necessary

· E.g., SRS, PRACH preamble, UL DMRS

· Additional contents can also be included, e.g., beam reporting

· Method(s) and content for TRP to indicate selected UE Tx beam and configure UE sweeping

· Impact of beam correspondence Status

· E.g., When to use the mechanism(s)

· E.g., Procedures such as U-1, U-2, U-3, and beam correspondence based procedure

· UE capability reporting

· E.g., capability of analog beamforming

· Consider the cases when UL and DL are from the same TRP and from different TRPs

· Conditions when the mechanism is particularly useful
For beam correspondence, following agreement is made in RAN1 NR Ad-Hoc #1:

· For the definition of beam correspondence:

· Confirm the previous working assumption of the definition

· Note: this definition/terminology is for convenience of discussion

· The detailed performance conditions are up to RAN4

In this contribution, we discuss the impact of beam correspondence status and information needed for UL beam management procedure.
2.  Impact of Beam Correspondence Status
With perfect beam correspondence, both TRP and UE can derive its beam(s) for UL transmission based on results of DL beam management procedures. On the other hand, when perfect beam correspondence does not hold at TRP and/or UE, UL beam management procedure(s) should be utilized to make sure and maintain UL transmission. The utilization of UL beam management procedure(s) introduces additional overhead to NR system in comparison to the case with perfect beam correspondence. Side information that provides opportunities for reducing such additional overhead should be considered. 
In our previous contribution [1], beam correspondence uncertainty was discussed. With the antenna array architecture in Figure 1, TX and RX paths do not share the same response even though they share the same antenna elements. In general, there is a complex gain difference between paired TX/RX paths. Since the complex gains between different paired paths are not the same, beam correspondence is not guaranteed. With proper factory calibration, the beam correspondence can be assumed after manufacturing. However, this does not address the issue that the complex gains can be affected by aging and environment factors such as temperature. As a result, variation may still exist between the paired paths.
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Figure 1: Illustration of TX and RX paths of antenna array elements.
With moderate variation between the paired paths, beam correspondence may not be fulfilled for a beam with high resolution, while it can be claimed for a beam with coarse resolution. For a device with large array size, its beam correspondence may hold with high probability when it forms low-resolution beams. However, when the same device forms high-resolution beams, its beam correspondence may be lost. For such device, apparently, beam correspondence exists to some extent and this should be used in beam management for reducing training overhead. We call this partial correspondence.
With partial beam correspondence and conditioned on DL beam management results, local beam sweeping can be used, instead of full UL beam sweeping, for reducing the overhead introduced by UL beam management. Figure 2 provides an example that perfect beam correspondence at UE side is not fulfilled and U-3 is utilized to find best UE TX beam for UL transmission. Both system resources and UE power consumption can be substantially reduced. Apparently, UL beam management procedure should be adaptable for different level of beam correspondence status.
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Figure 2: UL local beam sweeping conditioned on DL beam management results
Observation 1: UL beam management procedure should be adaptable for different level of beam correspondence status to reduce the overhead.
Observation 2: Partial beam correspondence provides the opportunities for reducing UL beam management overhead.
Proposal 1: Partial beam correspondence should be defined to benefit UL beam management procedure overhead.
3. Signalling for UL Beam Management
To utilize the benefit of partial beam correspondence state at UE side, proper configuration signaling is needed. In the scope of UL beam management procedure U-1/U-2/U-3 agreed in RAN1 #86bis, it is essential to provide the possibility to perform U-1 procedure as a local beam sweeping, rather than a full beam sweeping operation. In order to enable NW to configure resource for local beam sweeping precisely, UE should report more sophisticated information than simply beam correspondence status. For example, such information can be the number of UE beams to be trained in subsequent UL beam management steps. Without such information to express the level of beam uncertainty at UE side, it may be difficult for NW to achieve efficient resource usage for UL beam management.

Level of beam uncertainty at UE closely relates to beam resolution utilized for UL transmission for partial beam correspondence UE. UEs with capability of forming beams with different resolutions may have a non-fixed value of level of beam uncertainty during its life time. Apparently, when beam resolution increases, the level of beam uncertainty gets higher and more beam training resources are needed. This is illustrated in Figure 1. To achieve maximum flexibility and thus maximum resource saving, a partial beam correspondence UE should be able to update its level of beam uncertainty on-the-fly. 
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Figure 3. Illustration of beam uncertainty level under different beam resolution.
Observation 3: Updating UE beam uncertainty level is beneficial for efficient UL beam management operation.
It should be noted that UE beam resolution information may not be visible to NW, and is specific to UE. From UE perspective, beam correspondence state varies based on its currently adopted beam resolution. To make the information visible to NW, beam correspondence can consider to be adaptable, which in turns mean such signaling shouldn’t be included in capability signaling. On the other hand, it is possible to define a “partial beam correspondence” state as proposed to address the beam uncertainty issue. Accompanied with the partial beam correspondence state, a beam uncertainty level information is allowed to be updated more dynamically.
Proposal 2: Beam correspondence signalling should be considered jointly with beam uncertainty level in NR UL beam management.

4. Conclusion
In summary, based on the above discussion we have the following observations and proposals for UL beam management for NR:
Observation 1: UL beam management procedure should be adaptable for different level of beam correspondence status to reduce the overhead.
Observation 2: Partial beam correspondence provides the opportunities for reducing UL beam management overhead.

Observation 3: updating UE beam uncertainty level is beneficial for efficient UL beam management operation.
Proposal 1: Partial beam correspondence should be defined to benefit UL beam management procedure overhead.
Proposal 2: Beam correspondence signalling should be considered jointly with beam uncertainty level in NR UL beam management.
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