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1. Introduction

   In RAN1 meeting, some working assumption and agreement are made [1][2]:

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

Agreements:
· The following mechanisms should be supported in NR:

· The UL transmission to report beam failure can be located in the same time instance as PRACH:

· Resources orthogonal to PRACH resources 

· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 

· FFS channels/signals 

· The UL transmission to report beam failure can be located at a time instance (configurable for a UE) different from PRACH

· Consider the impact of RACH periodicity in configuring the UL signal to report beam failure located in slots outside PRACH

· FFS the signal/channel for the UL transmission

· Additional mechanisms using other channels/signals are not precluded (e.g., SR, UL grant free PUSCH, UL control)

In this contribution, we discuss possible consideration on UE beamforming management for the multi-beam based approaches. 
2. Considerations on UE beamforming management
In multi-beam based approaches, it requires beamforming to compensate the higher path loss due to communication at high frequencies. Downlink/Uplink beam management procedures are utilized for finding beam pair link between TRP and UE. Communication between network and UE can be achieved via the beam pair link. In network side, TRP performs TRP beam sweeping for UE measurement and detection. Network can acquire the beam pair link(s) via reception of UE reporting or via uplink RS detection if Tx/Rx beam correspondence is supported. As for UE beamforming, it can bring additional antenna gain for communication [3] and also reduce potential interference on other TRP beams. If the beam pair link(s) are well-managed, the transmission/reception performance of a UE with UE beamforming can be much better than that of an omni-directional UE. However, UE beamforming may induce some issues or consideration for beam management. Here are some analyses of possible considerations:
UE beam sweeping

Due to limitation of analog/hybrid beamformer, all beams whose directions cover the whole coverage cannot be generated simultaneously. TPR requires multiple transmission occasions to perform TRP beam sweeping. Thus, UE measures/detects the multiple transmission occasions to acquire qualified TRP beam(s). Similarly, UE with UE beamforming capability may not generate all UE beams simultaneously. It means that the UE utilizes part of UE beams to measure/detect the multiple transmission occasions of TRP beams, and gets the beam pair links between TRP beams and the part of UE beams. To acquire all beam pair links, UE requires to perform UE beam sweeping as well. Accordingly, it will take longer latency to finish beam management procedure for a UE with UE beamforming.
Moreover, compared with omni-directional UE, the beam pair link may be misaligned with higher possibilities. It may be resulted from UE rotation or UE movement. In such case, more dense resources may be required for downlink/uplink beam management procedure. For instance, network shortens periodicity of RS for mobility purpose, shortens periodicity of RS for beam measurement, or performs TRP beam sweeping multiple times every RS periodicity.
Proposal 1: Comparison with omni-directional UE, more dense resources are required for downlink/uplink beam management procedure for UE with UE beamforming.
NR-PDCCH monitoring

After finding beam pair links via downlink/uplink beam management procedures, a UE can be served via the beam pair links for data transmission and reception. The UE will monitor downlink control signaling via the UE beams of the served beam pair links, and network can transmit downlink control signaling via the TRP beams of the beam pair links. The scheduled data transmission can be transmitted/received via the beam pair links as well. Since a UE may be served via multiple TRPs, multiple beam pair links are possible. Even in case of one TRP, multiple beam pair links are also possible for a UE. 

Since beamforming concentrates the transmit power in a direction, blocking on the beam path will induce link failure of a beam pair link. In such case, multiple beam pair links may be useful for keeping connection between UE and network. Even if one beam pair link is suddenly blocked, communication can switch to other beam pair links [4]. Moreover, serving via multiple beam pair links can avoid frequently trigger beam recovery and improving robustness in multi-beam based systems. Thus, multiple beam pair links can be supported for these purposes. Accordingly, UE may be configured to monitor NR-PDCCH on multiple beam pair links simultaneously. 
Since the number of generated UE beams simultaneously may be limited due to analog/hybrid beamformer, UE cannot simultaneously monitor multiple beam pair links more than the beamforming limitation. To assist network to transmit NR-PDCCH on multiple beam pair links for a UE, UE may require to inform network about the allowable maximum number of generated UE beams simultaneously as UE beamforming capability. Then, gNB can configure the set of UE beams for monitoring NR-PDCCH. For instance, choosing the best beam pair links with number no more than reported UE beamformer capability.
Proposal 2: UE requires reporting maximum number of generated UE beams simultaneously to network for arranging NR-PDCCH on multiple beam pair links.
Signaling for Beam recovery 

It is agreed that UE can trigger mechanism to recover from beam failure. Network can configure UE with resource for UL transmission of signals for recovery purpose. If network and UE are UL synchronized, configured resource like scheduling request may be utilized for beam recovery. If network and UE are not UL synchronized, UE may trigger random access procedure for beam recovery and TA acquisition [5]. 

It is also agreed that beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). To inform network, a UE with UE beamforming may require to transmit signals for recovery via all UE beams. Multiple transmissions of signals for beam recovery are performed for UE beam sweeping. Accordingly, network listens from all direction with network beam sweeping. Upon signal detection in the network side, network can know the received TRP beam can be utilized for recover beam pair link between network and the UE. Moreover, if UE already finds new potential beams via monitoring some DL signal transmission, UE is able to transmit signals for recovery via the new potential UE beams instead of all UE beams. 
Proposal 3: For beam recovery, if UE finds new potential beams via monitoring DL signal, UE transmits signals for beam recovery via the new potential UE beams.
3. Conclusion

In this contribution, we discuss some considerations on UE beamforming management for the multi-beam based approaches, and have the following proposals:

Proposal 1: Comparison with omni-directional UE, more dense resources are required for downlink/uplink beam management procedure for UE with UE beamforming.
Proposal 2: UE requires reporting maximum number of generated UE beams simultaneously to network for arranging NR-PDCCH on multiple beam pair links.

Proposal 3: For beam recovery, if UE finds new potential beams via monitoring DL signal, UE transmits signals for beam recovery via the new potential UE beams.
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