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1. Introduction
In last RAN1 NR Ad-Hoc, the following working assumption was reached for UL beam management. 
· 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

In this contribution, we show our views on UL beam management for NR. 

2. Discussion 
2.1 UL beam management procedure
In RAN1#86bis meeting, it was agreed that similar procedures can be defined as DL beam management [1], 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)

· 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

U-1 is the basic procedure for the acquisition of TRP Rx beam/UE Tx beam. U-2/U-3 could be utilized for refinement of beams selected in U-1. For U-2, as it is related to the TRP’s beam, the TRP does not need to inform the UE the decision of the best Rx beam index. For U-3, it should be necessary for the TRP to indicate the UE which Tx beam is the best. In next section, we will discuss UL QCL-based beam indication. 
2.2 UL QCL-based beam indication 

UL beam-related beam indication should consider channel reciprocity and non-reciprocity scenarios, which determines whether DL beam-related information can also be used for UL beam indication or not. UL QCL-based beam indication is discussed here as follows.

With Reciprocity

UL beam indication can be achieved via being QCL’ed or QCB’ed [7] with DL RS port(s)/group(s) in reciprocity, which is to assist or indicate UE UL beamforming/transmission. These configured/reconfigured and activate/deactivated signalings can be transmitted by RRC and MAC-CE, respectively. One example for this case with reciprocity is presented as following figure. It should be noticed that for partial reciprocity, TRP should still indicate UL beam(s) for UE via deriving DL QCL assumption but some UL beam sweeping, i.e., U-1/2/3, should be conducted accordingly for some necessary refinement.
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Figure 1  Multi-stage UL beam indication with reciprocity
Without Reciprocity

Taking into account that the results of DL beam management cannot be used for UL, the recommended multi-stage UL beam indication should be based on UL beam measurement via SRS-based beam sweeping. Distinguishing with DL beam management, TRP would not share the results of UL beam managements with UEs and just need to indicate UL Tx beamforming/transmission via configuring QCL assumptions between UL RS ports and RS port(s)/beam group(s) involved by UL beam measurement in NR. 

Regardless of cases with/without reciprocity, the benefits similar to DL QCL-based beam indication, including fulfilling various UE/TRP requirements as well as channel properties, supporting TRP resource allocation with flexibility and saving indication signaling of physical control channel, can be achieved accordingly.

Proposal 1: NR should support that UL RS port(s)/port group(s) are configured/reconfigured as being QCLed with certain DL RS port(s)/beam group(s).
Proposal 2:  Multi-stage indication for QCL among RS ports with or without reciprocity should be supported in NR UL beam management.
2.2 UL and DL are from different TRPs 

There are cases where UL and DL are from different TRPs due to various factors like power imbalance, traffic offloading, different panels used for UL and DL, etc.  The typical use case in LTE is under heterogeneous network where macro TP has higher power than low power node.  In some scenarios, it is more efficient to perform downlink from high power node but let the low power node to receive the uplink signal.  In such cases, channel reciprocity holds only if the DL RS refers to the LPN for UL transmission.  Therefore, uplink beam management may rely on DL RS from different TRP if channel reciprocity is used.  Then beam indication related to UL has to be based on different sets of DL RS used for DL data.  To support such cases, at least the following aspects should be studied:
· UL Beam indication 
· UL Power Control based on DL RS

· Biased beam selection

· Biased cell selection
· Beam reporting

Proposal 3:  At least the aspects of UL beam indication, power control, beam/cell selection and beam reporting should be designed to support UL and DL coming from different TRPs.
3. Conclusion
In this contribution, we discuss the UL beam management for NR. From the above discussion, we have the following proposals:
Proposal 1: NR should support that UL RS port(s)/port group(s) are configured/reconfigured as being QCLed with certain DL RS port(s)/beam group(s).
Proposal 2:  Multi-stage indication for QCL among RS ports with or without reciprocity should be supported in NR UL beam management.
Proposal 3:  At least the aspects of UL beam indication, power control, beam/cell selection should be designed to support UL and DL coming from different TRPs.
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