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Introduction
Following agreements has been made in previous meetings regarding UL beam management:
 Agreements:
· Confirm the WA from RAN1 AH1701 with the following update:
· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s) 
· FFS the details
Agreements:
· When UE beam correspondence is not hold, 
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI
Agreements:
· For the purposes of DL/UL CSI acquisition and beam management
· A UE can be configured with K >= 1 SRS resources where
· A given X-port SRS resource spans N = 1,2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource
· FFS whether or not support N adjacent sub-time-units
· FFS whether or not to additionally support non-adjacent symbols/sub-time-units
· FFS whether to not to additionally N>4
· FFS the details for transmission of SRS (e.g., w.r.t., beams, etc.) within the N symbols/sub-time-units
Agreements:
· Study whether or not the UE to provide information to gNB to assist UL beam management without UE beam correspondence
· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available
· Study whether and how UE to use same transmission power for SRS transmission during one round of beam sweeping
· E.g., derived from beam-specific power control signalling and maximum transmit power
· FFS: spec. impact 

Agreements:
· For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, the UE can be configured to transmit N(N>1) SRS resources for UL beam management
· FFS transmit power for the N SRS resources for UL beam management 



[bookmark: _Ref178064866]In this contribution we discuss the need of UL beam management, which reference signals to use for this purpose and how to handle UL beam management for UEs with multiple panels.
Discussion
Beam management using downlink (DL) reference signals (a.k.a DL beam management) has been agreed in 3GPP and at least for the sake of discussion the processes P1, P2 and P3 has been defined [1]. It is expected that for most cases beam correspondence will be fulfilled both at the TRP and UE, which means that DL beam management could be used to find suitable TRP TX/RX beams as well as UE TX/RX beams and in this way establish BPL(s) that could be used for both DL and UL. 
It has also been agreed to establish multiple BPLs to provide diversity for e.g. PDCCH transmissions. For example, a first set of PDCCH candidates are transmitted over a first BPL while remaining second set of candidates over a second BPL. When beam correspondence is fulfilled at both TRP and UE, these multiple BPLs can also be used for uplink transmissions such as PUCCH, containing HARQ-ACK and/or CSI feedback, and/or PUSCH transmissions.
In case analog beamformer is used at both the TRP and UE, it is important that the TRP knows which UE TX beam is used for uplink transmission in order for the TRP to use the correct TRP RX beam. One way to solve this is to specify that the UE should use the same TX beam for transmitting an uplink response to the network as the RX beam the UE used to receive the downlink message from the TRP that scheduled the uplink response. In this way, there is no explicit signalling needed to indicate which beam the UE shall use for transmitting the uplink message.
[bookmark: _Toc490246572][bookmark: _Toc490246669][bookmark: _Toc490246767][bookmark: _Toc490246936]When beam correspondence is fulfilled, the UE should use the same TX beam for transmitting an uplink response to the network as the RX beam the UE used to receive the downlink message from the TRP that scheduled the uplink response.
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 (and potentially in other cases) UL beam management is needed, i.e. beam management based on measurements on UL reference signals. 
[bookmark: _Toc490246568][bookmark: _Toc490246765]UL beam management will be needed in case beam correspondence is not fulfilled at the TRP and/or UE.
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. 
It is expected that at least two different types of UL beam management process will be needed, (U2 and U3) which are illustrated in Figure 1. In U2 the TRP RX beam is updated by performing measurements on a burst of SRSs transmitted by the UE in one UE TX beam, thus 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 U3, signaling is needed from the TRP to the UE to indicate which UE TX beam is preferred. One preferred way is to transmit one SRS resource per UE TX beam, which means that for a UE TX beam sweep, multiple SRS resources will be used. The SRS resources can be multiplexed by using TDM, FDM and/or CDM. The TRP can then feedback the preferred UE TX beam(s) to the UE by using an SRS resource indicator (SRI). It is preferred that for UL beam management all SRS resources during a U2 or U3 procedure uses the same transmit power such that the fair comparison between the candidate beams can be made. 
[bookmark: _Toc490246569][bookmark: _Toc490246766]UL beam management procedure U3 requires DL signalling to inform the UE about the best UE TX beam.
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Figure 1	UL beam management procedures U2 and U3. Procedure U3 requires DL signalling to the UE to inform the UE about the best UE Tx beam.
[bookmark: _GoBack]For multi-panel UEs, it would be preferred if the UL beam management process (e.g. U2 or U3) for respective panel could be performed in parallel, in order to reduce the overhead. One way to solve this is to let the UE signal to the TRP (in e.g. UE capabilities) the number of simultaneous parallel “UL beam management processes” that the UE can handle (note that more suitable name than “UL beam management process” can be specified, as for example “SRS resource group” as mentioned in [2]). Then, whenever UL beam management is needed, the TRP allocates one set of SRS resources for each of the multiple parallel “UL beam management processes”. In case of U3, where feedback needs to be signalled to the UE, the TRP should feedback one SRI for each of the multiple parallel processes. It is also preferred that the UE signals the amount of SRS resources required for UE Tx beam training (U3) for respective “UL beam management process”, such that the TRP knows how many SRS resource the UE should be scheduled with. The information should be signalled in UE capability.
[bookmark: _Toc490246573][bookmark: _Toc490246670][bookmark: _Toc490246768][bookmark: _Toc490246937]NR should support multiple parallel “UL beam management processes” to handle multi-panel UEs in an efficient way.
[bookmark: _Toc490246574][bookmark: _Toc490246671][bookmark: _Toc490246769][bookmark: _Toc490246938]The UE should indicate how many SRS resources that is needed per “UL beam management process” to support UE TX beam training procedure U3. 
Conclusions
In this contribution we made the following observations:
Observation 1	UL beam management will be needed in case beam correspondence is not fulfilled at the TRP and/or UE.
Observation 2	UL beam management procedure U3 requires DL signalling to inform the UE about the best UE TX beam.

Based on the discussion in this contribution we propose the following:
Proposal 1	When beam correspondence is fulfilled, the UE should use the same TX beam for transmitting an uplink response to the network as the RX beam the UE used to receive the downlink message from the TRP that scheduled the uplink response.
Proposal 2	NR should support multiple parallel “UL beam management processes” to handle multi-panel UEs in an efficient way.
Proposal 3	The UE should indicate how many SRS resources that is needed per “UL beam management process” to support UE TX beam training procedure U3.
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