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1 Introduction

During the SI phase, RAN1 has made progress on several aspects of UL transmission scheme, including:
· Support of UL data scheduling procedures based on non-precoded and precoded SRS
· Support for open-loop and closed-loop power control and beam-specific power control
These agreements are captured in the following excerpts of TR 38.802 [1], sections 8.1.6.2 and 8.2.3:

	At least one of precoded and non-precoded SRS based UL link adaptation procedure is supported in NR, with at least following three different procedures:
· UL data scheduling (MCS/precoder/rank) is based on non-precoded SRS transmission by UE […]
· UL data scheduling (MCS/precoder/rank) is based on precoded SRS(s) transmission by UE […]
-
Multiple precoded SRS resources  can be configured.

-
The followings are supported

-
Precoder for SRS can be determined by UE based on measurement on DL RS and 

-
Precoder for SRS can be indicated by gNB
· UL data scheduling (MCS/precoder/rank) is based on a combination of non-precoded and precoded SRS transmission by UE
[…]

NR supports UL-MIMO scheduling by DCI, which includes at least some of
· Indication of a SRS resource (SRI) which has been transmitted by UE in previous time instance

-
Each configured SRS resource is associated with at least one UL Tx beam/precoder
[…]

For NR-PUSCH at least targeting eMBB, both open-loop and closed-loop power controls are supported. Open-loop based on pathloss estimate is supported where pathloss measurement for UL power control is to be based on at least one type of DL RS for beam measurement. Note that beam measurement RS includes CSI-RS, RS defined for mobility purpose. The same gNB antenna port can be used for pathloss measurement for multiple processes.
Fractional power control is supported. Closed-loop power control is based on NW signaling. Dynamic UL-power adjustment is considered. 

Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS). 
NR supports beam specific power control as baseline. Power control for UE side multiple panel transmission is supported. 


This contribution discusses beam management to support maintenance of multiple beam pairs in the UL, taking into account the above progress.
2 Beam management for uplink with multiple beam pairs
“Beam management” is defined as a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception. For UL, beam management is based on the transmission of precoded SRS by the UE. The precoder can be indicated by gNB and/or determined by UE based on measurement on DL RS (if beam correspondence is available at UE) as part of an UL beam management procedure.
From UE implementation perspective, the beam management procedures involve acquiring and maintaining a “state” for its transmitter that may be defined in terms of a UE beam. When transmission subsequently takes place on a physical channel (NR-PUCCH or NR-PUSCH), good performance is achieved if the UE applies this state (beam) for this transmitter at least if the receiver at the network is aware that this beam is used. The network can then adapt its receiver accordingly, e.g. by using a Rx beam that maximizes performance. The combination of Tx beam at the UE and Rx beam at a TRP can be referred to as an UL beam pair.
Observation 1: 
For the UL, a beam management procedure determines a state of the UE transmitter (e.g. a Tx beam or precoder) for subsequent transmission over a physical channel.
For a transmission scheduled by DCI, the UE is indicated a SRS resource transmitted in a previous time instance and applies the same precoder (Tx beam) as for that SRS resource.

To improve robustness against blocking it may be beneficial for the network to have the possibility to indicate one of multiple Tx beams to a UE, e.g. beams that have significant spatial separation. To enable transmission of multiple such beams within a short period of time, the UE has to maintain a separate state for each Tx beam.
Observation 2:
To transmit over NR-PUSCH or NR-PUCCH using more than one UL beam pair within a short period the UE transmitter maintains one state for each UL beam pair.

To enable maintenance of separate precoder states, the UE must be aware for each SRS transmission of which of the precoder states is being modified. This applies regardless of whether the SRS precoder is directly indicated by the network or is determined by the UE based on measurement on DL RS.
Observation 3:
When determining the precoder for transmission of SRS for UL beam management, the UE needs to know for which UL beam pair the Tx beam is being modified.
It has been agreed that NR supports beam-specific power control as baseline. The rationale for this is that the path loss and interference levels may be different between different beam pairs. As both open-loop and closed-loop power control are supported, beam-specific power control requires independent RRC configuration of parameters, including downlink RS for path loss estimation. In addition, if TPC accumulation is supported the UE maintains a state of TPC accumulation for each UL beam pair (and each channel/RS). 
Observation 4: Beam-specific power control can be supported by independent RRC configuration of power control parameters applicable to each UL beam pair.

Considering the above observations, for specification purpose it may be useful to introduce a notion of UL beam process whose configuration includes at least:
· A set of SRS resources for beam management

· A set of resources (RS) and parameters for power control
Proposal 1: A UE can be RRC-configured with one or more UL beam processes, where each UL beam process is associated with a set of SRS resources for beam management and a set of resources and parameters for power control.
3 Association between DL and UL beam pairs
Multiple beam pairs can be created and maintained in the DL to support robustness against blocking [1]. In a companion contribution [2] we propose to introduce the notion of DL beam process to support independent RRC configuration of beam management parameters and efficient switching between those DL beam pairs.
If multiple beam pairs are maintained in the DL for robustness it would be logical that the same is done for the UL to ensure that important UL transmissions (e.g. NR-PUCCH for HARQ A/N) can be received in case of blocking. A strong correlation should be expected between blocking events of a DL beam pair and an UL beam pair sharing similar spatial characteristics (e.g. when the beams at UE and/or at TRP are related by correspondence).
For this reason there would be benefit in defining an association between DL and UL beam pairs for related DL and UL transmissions, such as NR-PDCCH/PDSCH and the corresponding NR-PUCCH carrying the HARQ A/N for that DL transmission. This association would reduce the probability that the A/N reception for a (successfully) received DL assignment fails due to use of an UL beam pair that is blocked.
Observation 5: Blockage events are correlated between DL and UL beam pairs with similar spatial characteristics.

Proposal 2: Support pairing of an UL beam process with a DL beam process, where the UL beam process used for an UL transmission depends on the DL beam process used for a related DL transmission.
4 Conclusion

This contribution discussed beam management to support maintenance of multiple beam pairs in the UL. The following observations and proposals are made:
Observation 1: 
For the UL, a beam management procedure determines a state of the UE transmitter (e.g. a Tx beam or precoder) for subsequent transmission over a physical channel.

Observation 2:
To transmit over NR-PUSCH or NR-PUCCH using more than one UL beam pair within a short period the UE transmitter maintains one state for each UL beam pair.

Observation 3:
When determining the precoder for transmission of SRS for UL beam management, the UE needs to know for which UL beam pair the Tx beam is being modified.
Observation 4: Beam-specific power control can be supported by independent RRC configuration of power control parameters applicable to each UL beam pair.

Observation 5: Blockage events are correlated between DL and UL beam pairs with similar spatial characteristics.

Proposal 1: A UE can be RRC-configured with one or more UL beam processes, where each UL beam process is associated with a set of SRS resources for beam management and a set of resources and parameters for power control.
Proposal 2: Support pairing of an UL beam process with a DL beam process, where the UL beam process used for an UL transmission depends on the DL beam process used for a related DL transmission.
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