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Introduction
In RAN1#86bis, the following agreement was made:
· 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 this contribution we discuss the need of UL beam management and which reference signals to use for this purpose.
[bookmark: _Ref178064866]Discussion
Beam management using downlink (DL) reference signals (a.k.a DL beam management) has been agreed in 3GPP using processes P1, P2 and P3 [1]. In case beam correspondence is fulfilled both at the TRP and UE, DL beam management could be used to find suitable TRP TX/RX beams as well as UE TX/RX beams. However, if beam correspondence is not fulfilled at the TRP and/or the UE, the TRP RX beam and/or UE TX beam cannot be determined based on DL beam management. In this case UL beam management is needed, i.e. beam management based on UL reference signals. 
UL beam management is needed in case beam correspondence in not fulfilled at the UE and/or the TRP
[bookmark: _Toc465888816][bookmark: _Toc465888886][bookmark: _GoBack]NR should support UL beam management
UL beam management should be initiated and controlled by the TRP (network). A suitable reference signal is the Sounding reference signal (SRS), which is used in UL for LTE to attain channel state information (CSI). One advantage with using SRS for UL beam management is that the CSI could be attained simultaneously as suitable TRP RX and/or UE TX beams are attained, which will reduce the delay between UL beam management and UL data transmission.   
SRS should be used as reference signal for UL beam management
UL beam management should be controlled by the network
U1, U2 and U3 could be defined in similar way as P1, P2 and P3, except that U1, U2 and U3 is using UL reference signals while P1, P2 and P3 is using DL reference signals. Figure 1 illustrates a schematic description of U1, U2 and U3. U1 sweeps through beams in all directions both at the TRP and UE and would mainly be used in case no prior information about UE TX and TRP RX beam is known. In U2 the TRP RX beam is updated by transmitting a burst of SRSs in one UE RX beam, allowing the TRP to sweep its RX beam. In U3 the UE transmits SRSs in a UE TX beam sweep to update the UE TX beam. For U1 and U3 signaling is needed from the TRP to the UE to indicate which UE TX beam is preferred.    
UL beam management process U1 and U3 requires DL signalling to inform the UE about the best UE TX beam.
Include support for DL signalling to inform UE about best UE TX beam
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Figure 1	

Note that if the beam correspondence is fulfilled at both the TRP and the UE, UL beam management could be used (instead of DL beam management) to determine all TRP TX/RX beams and UE TX/RX beams. If DL or UL beam management is most suitable to use in this case might depend on the scenario.


Conclusions
1. UL beam management is need in case beam correspondence in not fulfilled at the UE and/or the TRP
1. UL beam management process U1 and U3 requires DL ssignalling to inform the UE about the best UE TX beam.
1. NR should support UL beam management
SRS should be used as reference signal for UL beam management
UL beam management should be controlled by the network
Include support for DL signalling to inform UE about best UE TX beam
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