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1. Introduction
UL beam management was discussed in RAN1#88bis meeting, and working assumption on UL beam management was confirmed [1]:

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) 

· At least when beam correspondence does not hold 

· Considering at least SRS to support U-1/U-2/U-3 procedures

The following agreements were made in RAN#89 meeting [2]:
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
· When UE beam correspondence holds,

· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS

· The indication can be based on CSI-RS resource, 

· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI

· 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
In this contribution we present our views on UL beam management. 
2. Discussion

A UE can be configured with multiple SRS resources. Based on uplink measurement, TRP can choose a preferred SRS resource and signals its index (SRI) to the UE. The UE then uses the beam of the indicated SRS for future uplink transmission. 
2.1. SRS-based beam management

2.1.1 SRI indication

SRI indication should at least be supported for NR-PUSCH. It was agreed that SRI indication should be supported for (aperiodic) SRS transmission as well. The intended use case is to perform a 1st step uplink beam training using with periodic SRS, based on which the TRP conducts a 2nd step Rx beam refinement by triggering an aperiodic SRS transmission using a previous SRS beam. Conceptually this reduces the delay of the overall beam sweeping procedure, and we are supportive of this use case.
In LTE the TRP can aperiodically trigger a PRACH (using PDCCH order) for uplink resynchronization. Instead of a full-fledged PRACH sweeping, the TRP may use a previous SRS beam for aperiodic PRACH transmission to avoid excessive delay/overhead.  A unified SRI signaling is desirable for SRS and PRACH transmission. 
Proposal 1: 

· SRI indication is supported for SRS and PRACH.

2.1.2 SRI table

The SRI bitwidth can be a function of the number of configured SRS resources. The SRI table should at least consider the following states:

· One state to indicate “no uplink beam specified”, e.g. UE can autonomously determine its UL TX beam for UL TX beam sweeping.
· Multiple states points to previously transmitted SRS resources.

An example is provided in Table I. 
Table I: Example of SRI state
	SRI field 
	message 

	000 
	No UL Tx beam specified  

	001-110 
	Points to previously transmitted SRS 

	111 
	reserved 


Proposal 2: 
· SRI table includes one state corresponding to “no UL Tx beam specified”, which is used to signal uplink beam sweeping. 

2.1.3 SRI for analog and digital beamforming.
SRI has been adopted for analog and digital beamforming. When both are configured at the TRP, two SRI signaling alternatives exist:
· Alt-1:  Separate analog and digital beam sweeping. In the first step, K SRS resources are transmitted for analog beam sweeping, preferably with a small number of SRS ports per resource. In the second step, one or multiple (L) aperiodic SRS are transmitted for uplink CSI acquisition, using one or multiple analog beam from step1 (indicated by SRI1). SRS in the second step may have a large number of SRS ports (e.g. 4 or 8). If L>1, SRI2 needs to be transmitted for digital beamforming for PUSCH (together with TPMI/TRI). Hence, two SRIs are needed, in two UL grants. An example is given in Figure 1. 
· Alt-2:  Joint analog and digital beam sweeping. A total of KL SRS resources are configured, from which the TRP selects the joint analog/digital beam. A single SRI indication in one UL grant suffices. This reduces the beam sweeping delay, but SRS overhead is larger. 
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Figure 1: SRI indication for analog and digital beamforming
Both alternatives have valid use cases and may be considered. Note that for Alt-1, it is possible that different SRS resources in the second step may be indicated with different analog beams from step 1, hence the UL grant may comprise one or more SRI indicators. 
Proposal 3:

· Consider both separate analog/digital beam sweeping with two stage SRI indication, and joint analog/digital beam sweeping with one stage SRI indication.

· An UL grant may comprise multiple SRI indicators. 
2.1.4 SRI for multi-panel uplink transmission 
For a UE equipped with multiple uplink antenna panels, each panel can be configured with a SRS resource. Similar to the DL multi-TRP/multi-panel discussion, different PUSCH layers/codewords can be transmitted from different panels. When different layers of a PUSCH are transmitted from different panels, it is necessary to associate the PUSCH layer (or DMRS ports) with its associated SRI, for UE to derive the antenna panel and uplink beam for different layers. 
Proposal 4: 

· When multiple SRI values are signaled in the UL grant (e.g. multi-panel), each PUSCH layer (or codeword) is associated with one SRI. 

2.2. PRACH for beam management

For UE without DL/UL correspondence, beam sweeping is needed for PRACH in initial access. When initial access is complete, a coarse BPL link is established through PRACH between the TRP and the UE. The PRACH beam in initial access can be used as a reference uplink beam for other signals (e.g. SRS, PUSCH, and aperiodic PRACH). More particularly: 

· Before RRC connection is established, UE should use the PRACH beam for any uplink signal.

· After RRC connection is established, UE may use the PRACH beam as a baseline uplink for beam refinement. For instance, UE may trigger aperiodic SRS transmission in a narrow angular spread centered on the PRACH beam. Compared to a global SRS beam sweeping in all directions, local beam sweeping around PRACH beam reduces the delay and system overhead. 
Proposal 5: 

· Adopt PRACH for uplink beam management. 
3. Conclusions

In this contribution we discussed several issues regarding uplink beam management. Our proposals are summarized below: 
Proposal 1: 

· SRI indication is supported for SRS and PRACH.

Proposal 2: 

· SRI table includes one state corresponding to “no UL Tx beam specified”, which is used to signal uplink beam sweeping. 

Proposal 3:

· Consider both separate analog/digital beam sweeping with two stage SRI indication, and joint analog/digital beam sweeping with one stage SRI indication.

· An UL grant may comprise multiple SRI indicators.
Proposal 4: 

· When multiple SRI values are signaled in the UL grant (e.g. multi-panel), each PUSCH layer (or codeword) is associated with one SRI. 

Proposal 5: 

· Adopt PRACH for uplink beam management.
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