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1 Introduction

 Regarding UL beam management, the following working assumption has been established in the RAN1 Ad Hoc meeting for NR in January 2017 [1]:
Working assumption:

· 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 paper, we provide our views on UL beam management and the associated configuration for SRS transmission. 
2 UL beam management
2.1 U-1/U-2/U-3 procedures
When there is no beam correspondence, UL beam management procedures such as U-1/U-2/U-3 are needed for determining/refining the UE Tx and/or TRP Rx beams. One example is given in Figure 1. As illustrated, the first step is to obtain UE Rx and TRP Tx beam and DL synchronization by P-1 procedure. Without beam correspondence at UE side, the UL Tx beam cannot be inferred from the acquired DL Rx beam. Therefore, U-1 procedure is needed for the selection of UE Tx and TRP Rx beam, where random access is done at the same time. After the initial Tx beam for UL transmission has been determined, further refinement of the Tx and Rx beams can be performed by U-2 and U-3 procedures. In addition, U-3 procedure could be applied to confirm whether beam correspondence holds at a UE or not.
Proposal 1: Confirm the WA on supporting mechanisms for UL beam management.
Proposal 2:  Support U-1, U-2, and U-3 procedures for UL beam management.
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 Figure 1. Example of UL beam management with U-1/U-2/U-3 procedures
2.2 SRS configuration
For U-1, U-2 and U-3 procedures, two types of sweeping behavior can be defined based on the Tx/Rx beams used:

· Sweeping type 1: UE keeps the same Tx beam across symbols within one slot.

· Sweeping type 2: UE Tx beams are different across symbols within one slot.

Sweeping type 1 can be used for U-2 procedure with TRP Rx beam sweeping, while sweeping type 2 can be used for U-3 procedure with UE Tx beam sweeping. If a TRP is doing Rx beam sweeping, it should know whether UE also does Tx beam sweeping to adapt its Rx beam sweeping strategy accordingly. Therefore, the indication of sweeping type is needed to coordinate the behavior between gNB and UE for SRS transmission/reception.
Proposal 3: Support indication of beam sweeping type (same/different Tx beam) for SRS transmission.
After initial access, multiple beam pair links (BPLs) will likely be maintained for robust communication. To remove the ambiguity for which BPL is to be refined/adjusted and reduce the beam sweeping overhead, also allow UE to select the corresponding transmit beam, it would be beneficial to indicate the current SRS transmission is to be used for which BPL. This BPL information can be UE or gNB beam related index if beam indication/reporting is supported. 

Proposal 4: Support indication of gNB Rx beam or UL beam pair link for SRS reception.
The beam switching latency may vary from UE to UE, ranging from tens of nanoseconds to more than one microsecond. For at least U-3 procedure, the beam switching latency at UE will affect the SRS resource configuration. For example, when the UE’s beam switching latency is much shorter than the CP duration, SRS transmission in consecutive symbols can be configured. Otherwise, the SRS configuration for one beam may even span more than one symbol to accommodate large beam switching latency, as illustrated in Figure 2. Furthermore, SRS transmission scattered over non-consecutive symbols can also be considered, where the non-used symbols are left for UE to perform beam switching. For these reasons, reporting of UE beam switching latency to assist SRS configuration should be reported for at least U-3 procedure. 

Proposal 5: Study reporting of UE beam switching latency to assist SRS configuration for UL beam management.
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Figure 2. Example of different SRS configuration with different beam switching latency
2.3 With PRACH symbols
In addition to SRS, PRACH symbols can also be exploited for UL beam management. One example is given in Figure 3. With beam correspondence at TRP and association between DL beams for synchronization and UL beams for RACH reception, UE can find the TRP beam K as the candidate receive beam for PRACH. When the TRP uses beam K for RACH reception, UE could transmit repeated RACH sequences for updating/adjusting the UE Tx beams. More specifically, if a UE used a wide beam α for quick beam acquisition, UE could use try several narrow beams within the range of the wide beam α for further beam refinement. Or, a UE could try other neighbor beams around the DL Rx beam (denoted as β in Figure 3) to improve the performance against mobility. 
 [image: image3.emf] 

UE 

Wide 

beam α 

UE 

Beam 

N

UE 

Beam 

j

0 1

K

...

UL Random Access Symbols

UE 

Beam 

1

UE 

Beam 

2

...

UE 

Beam 

N

TRP Scanning from 

Beam 0 to Beam K

UE 

Beam 

1

Or

Beam 

β

 

Beams 

around 

Beam 

β

 


Figure 3. UL beam adjustment using PRACH symbols
Proposal 6: Support UL beam management based on PRACH symbols.
3 Summary
The proposals in this paper are summarized as follows.
Proposal 1: Confirm the WA on supporting mechanisms for UL beam management.
Proposal 2:  Support U-1, U-2, and U-3 procedures for UL beam management.
Proposal 3: Support indication of beam sweeping type (same/different Tx beam) for SRS transmission.
Proposal 4: Support indication of gNB Rx beam or UL beam pair link for SRS reception.
Proposal 5: Study reporting of UE beam switching latency to assist SRS configuration for UL beam management.
Proposal 6: Support UL beam management based on PRACH symbols.
References

[1] 3GPP, “RAN1 Chairman’s Notes”, Spokane, USA, January 16 – 20, 2017.
