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1. Introduction

According to RAN1 TR for NR [1], UE beamforming is supported by NR, i.e. an UE with 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.
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. 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#88bis that amount of configured SRS resources may also takes UE beamforming into account, e.g. number of UE beams [2].

	Agreements:
· Study whether or not the UE to provide information to gNB to assist UL beam management without UE beam correspondence

· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available

· Study whether and how UE to use same transmission power for SRS transmission during one round of beam sweeping

· E.g., derived from beam-specific power control signalling and maximum transmit power

· FFS: spec. impact 


Since beam management, CSI-RS, and SRS would be impacted by UE beamforming, network, e.g. gNB, should know if the UE is using UE beamforming. For example, if the UE has multiple UE beams, network should provide more CSI-RS for the UE to measure by different UE beams. Otherwise, beam measurement would take a long time to complete and beam management may not be done in time. It may result in beam failure and beam recovery procedure has to be initiated.
Proposal 1:
Network should know if UE is using UE beamforming, i.e. with multiple UE beams.

There are two alternatives to decide whether to use UE beamforming in RRC_CONNECTED:

· The UE makes to decision and informs network

· Network 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 network and the UE does not have sufficient information, it is reasonable for network to make the decision. Basically, it could be configured by RRC signaling, e.g. RRC connection reconfiguration. Configuring by other method is not precluded.
Proposal 2:
Whether to enable UE beamforming is controlled by network.
Since network is responsible for controlling UE beamforming, network needs to know whether the UE support UE beamforming, i.e. with multiple UE beams, or not. So, the UE should provide its capability of UE beamforming to network. In [1], it shows that the UE needs to provide capability of UE beam correspondence.
	Also, the followings are defined as Tx/Rx beam correspondence at TRP and UE:

-
Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:

-
TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.

-
TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams

-
Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 

-
UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.

-
UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
-
Capability indication of UE beam correspondence related information to TRP is supported.


In addition to UE beam correspondence, network also needs to know the information about number of UE beams, UE beam sweeping, and/or etc. in order to provide proper configuration to the UE. Traditionally, UE capability is provided by RRC signaling, e.g. UE capability information. Providing by other method is not precluded.
Proposal 3:
UE provides capability of UE beamforming to network.

3. Conclusion

Control of UE beamforming in RRC_CONNECTED is discussed and we have the following proposals:
Proposal 1:
Network should know if UE is using UE beamforming, i.e. with multiple UE beams.

Proposal 2:
Whether to enable UE beamforming is controlled by network.
Proposal 3:
UE provides capability of UE beamforming to network.
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