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1. Introduction

According to TR for NR [1], UE beamforming is supported by NR, i.e. an UE with one or multiple UE beams. However, it is unclear whether or not the UE always performs UE beamforming in RRC_CONNECTED. This contribution discusses the control of UE beamforming in RRC_CONNECTED. This contribution is resubmitted from R1-1718599.
2. Discussion

In [1], it shows that beam management procedure takes UE beamforming into account, e.g. UE beams are maintained by the procedure.

	In NR, beam management is defined as follows:

-
Beam management:  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, which include at least following aspects:
-
Beam determination: for TRP(s) or UE to select of its own Tx/Rx beam(s).
-
Beam measurement: for TRP(s) or UE to measure characteristics of received beamformed signals

-
Beam reporting: for UE to report information of beamformed signal(s) based on beam measurement

-
Beam sweeping: operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.


Besides, CSI-RS configuration would takes UE beamforming into account, e.g. UE beam sweeping [1].
	CSI-RS supports the downlink Tx beam sweeping and UE Rx beam sweeping. Note that CSI-RS can be used in P1, P2, P3. NR CSI-RS supports the following mapping structure.
-
NP CSI-RS port(s) can be mapped per (sub)time unit
-
Across (sub)time units, same CSI-RS antenna ports can be mapped

-
Each time unit can be partitioned into sub-time units
-
Mapping structure can be used for supporting multiple panels/Tx chains


In addition, it has been agreed in RAN1#90 that amount of configured SRS resources takes UE beamforming into account, e.g. number of UE beams [2].

	Agreements:
· Support UE to provide information to gNB to assist UL beam management

· The information can be a number representing the amount of SRS resources required for UE Tx beam training

· FFS the supported number(s), taking into account performance and implementation complexity aspects

· Note: these set of SRS resources are associated with a set of Tx beams

· FFS: signaling method

· E.g., capability signaling, or msg3, or dynamic signalling

· FFS: impact of multi-panel 

· FFS: if to support the antenna structure with both omni-directional antenna panel and directional antenna panel, whether or not there is any additional impact 


So, beam management, CSI-RS, and SRS would be impacted if UE beamforming is used. gNB can know whether the UE supports UE beamforming based on UE capability. In addition, gNB should know if the UE is using UE beamforming or not. For example, if the UE is using UE beamforming, gNB should provide sufficient CSI-RS resources in a time period for the UE to measure by different UE beams. Otherwise, beam measurement by different UE beams may not be completed in time and it may result in beam failure and beam recovery procedure has to be initiated. Also sufficient SRS resources in a time period should be configured if UL beam management is required.
Proposal 1:
gNB should know if UE is using UE beamforming.

There are two alternatives for gNB to know if UE beamforming is used in RRC_CONNECTED:

· The UE makes to decision and informs gNB
· gNB makes the decision and configures the UE

The benefit of UE beamforming is to increase antenna gain and reduce interference. On the other hand, more radio resources would be required to support UE beamforming. Since radio resources are generally controlled by gNB and the UE does not have sufficient information, it is reasonable for gNB to make the decision.
Proposal 2:
Whether to enable UE beamforming in RRC_CONNECTED is controlled by gNB.
One way to control enabling of UE beamforming is based on whether sufficient CSI-RS/SRS resources for beam management are configured or not. If CSI-RS/SRS resources are sufficient for beam management, the UE enables UE beamforming. Otherwise, the UE uses omnidirectional transmission/reception. However, it may be complex to define “sufficient CSI/SRS resources for beam management”. Therefore, the simplest way is to have an explicit IE in RRC signaling, e.g. RRC connection reconfiguration, to enable/disable UE beamforming.

Proposal 3:
Inform RAN2 to specify an IE to enable/disable UE beamforming.

3. Conclusion

Control of UE beamforming in RRC_CONNECTED is discussed and we have the following proposals:
Proposal 1:
gNB should know if UE is using UE beamforming.

Proposal 2:
Whether to enable UE beamforming in RRC_CONNECTED is controlled by gNB.
Proposal 3:
Inform RAN2 to specify an IE to enable/disable UE beamforming.
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