3GPP TSG RAN WG1 Meeting #88                                       R1-1702326
Athens, Greece 13th - 17th February 2017

Agenda Item:	8.1.2.2.3
Source:	InterDigital Communications
Title:	On UL Beam Management for NR
Document for:	Discussion and Decision
Introduction
In RAN1 #NR Ad-Hoc Meeting [1], the following working assumption on UL beam management in multi-beam NR systems was reached: 
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 contribution, we discuss the design considerations on UL beam management and provide our views on the configuration and use of signals for UL beam management and the UE capability reporting in multi-beam NR systems.
[bookmark: _Ref474055518]Signals for UL beam management 
It has been agreed that NR supports at least network-controlled beam management for UL transmission. The following UL signals can be utilized to enable U-1, U-2 and/or U-3 procedures: 

· Sounding reference signal (SRS)
· PRACH preamble
· UL demodulation reference signal (DMRS)

A TRP can configure UL beam management procedure (U-1, U-2, U-3) that should be used based on UE capability of beam correspondence and/or other UE status. The UE status for UL beam management includes the status of beam correspondence and time synchronization.
A different UL signal can be used according to the UE status. For example, a TRP can configure to use the reference signal (RS) type for a UL beam management procedure if a UE status is UL time synchronized; therefore SRS or DM-RS can be used in this case. However, if a UE status is not UL time synchronized, a NR-PRACH preamble can be used for a UL beam management. 
Using SRS for the UL beam management reduces the delay between UL beam management and UL data transmission and requires lower signalling overhead as compared with the PRACH preamble. Note that a sub-time unit based SRS can be used for beam sweeping at least for U-1, which reduces the signalling overhead as well as the latency. On the other hand, PRACH preamble is beneficial to use when the UE is out-of-sync in uplink. Therefore, more than one signal type should be used for UL beam management and the signal type should be configurable for a certain UL beam management procedure based on UE status.

Proposal 1: More than one signal type should be used for UL beam management and the signal type should be configurable for a certain UL beam management procedure based on UE status.

UE Capability Reporting for UL Beam Management 
In order to enable beam correspondence based UL beam management, UE capability of beam correspondence as well as capability of analog beamforming at UE needs to be reported to TRP to facilitate more efficient UL beam management. The UE capability may include the following information related to beam correspondence based UL beam management:
· UE beam correspondence
· UE beamforming and antenna configuration

Whether a UE has beam correspondence capability or not may be due to hardware limitation and/or Tx/Rx antenna configuration. A UE may report beam correspondence as part of UE capability to TRP. If a UE has beam correspondence capability, when UE reports beam correspondence as part of UE capability to TRP, TRP may or may not always assume UE has beam correspondence during its connection lifetime. Therefore, the TRP can assume the UE has beam correspondence capability. However, in some cases, a UE may temporarily loss beam correspondence due to many reasons including radio channel variation, UE mobility, and/or asymmetric interference between uplink and downlink. Therefore, it could provide some benefits if a UE reports the status of “loss of beam correspondence” or “beam correspondence confirmation” to TRP during RRC connected mode. Hence, we recommend to study the necessity of temporary beam correspondence status update from a UE during RRC connected mode.

Proposal 2: Support beam correspondence status indication as part of UE capability. Study the necessity of temporary beam correspondence status update.

Conclusions
In this contribution, we discuss the design considerations on UL beam management and provide our views on the configuration and use of signals for UL beam management and the UE capability reporting in multi-beam NR systems. We have the following proposals:

Proposal 1: More than one signal type should be used for UL beam management and the signal type should be configurable for a certain UL beam management procedure based on UE status.
Proposal 2: Support beam correspondence status indication as part of UE capability. Study the necessity of temporary beam correspondence status update.
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