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Introduction
A new work item on MIMO enhancements for NR was approved in RAN#81, including enhancements on multi-beam operation. The detailed objectives of the enhancements on multi-beam operation, mainly targeting FR2 operation, are as follows: 
· [bookmark: _Hlk525637653]Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR

In this document, we discuss enhancements on multi-beam operation to reduce latency and overhead and improve reliability of the beam management procedure. We further discuss extending the beam management framework to include measurement and reporting of L1-SINR to mitigate interference. The proposed enhancements target several use cases such as URLLC, V2X and IAB. 
Multi-Beam Enhancements to Reduce Latency and Overhead
In the beam management procedure in NR Rel. 15, when the UE is configured with an NZP-CSI-RS resource set repetition set to ‘on’, the UE may assume that the CSI-RS resources within the NZP-CSI-RS resource set are transmitted with the same downlink spatial domain transmission filter, in different OFDM symbols. When the repetition is set to ‘off’, the UE does not assume that the CSI-RS resources within the NZP-CSI-RS resource set are transmitted with the same downlink spatial domain filter. 
For use cases such as integrated access and backhaul, the UE (MT) is expected to have a large number of receive beams to do sweeping across, resulting in a large overhead and a considerable latency as the Tx and Rx beams are measured and identified during the beam management procedure. For this use case and others such as URLLC, a faster Tx/Rx beam alignment is crucial to reduce the overhead and decrease the latency of the beam management procedure.
Observation 1: Current Tx and Rx beam management procedure may result in a large overhead
Proposal 1: Faster Tx/Rx beam alignment should be studied to reduce overhead and decrease latency in the beam management framework
The basic concept of NZP-CSI-RS resource set repetition ‘on’ is to repeat the transmission for multiple times to allow the receiver to sweep its receive beams to measure the receive beam quality and identify the receive beam at the UE. The network does not know how many beams or resources the UE needs to sweep to identify the best receiving beams. In fact, the details of the receive beam measurement at the UE in the beam management procedure are transparent to the network, and the network triggers the receive beam measurement without knowing the status of the receive beam at the UE.
Having the beam management procedure solely triggered by the network presents a potential problem since the network does not have readily information on when the receiver beam training procedure needs to be triggered, leading to a large overhead, and potential data transmission interruption when the UE is performing antenna panel switching for example.
Observation 2: Network triggered Rx beam management procedure may lead to an increased overhead 
To reduce the overhead of the Rx beam sweeping procedure, while keeping the identification of the best beam at the receiver up to the UE implementation, we propose an on-demand receive beam procedure. The UE may identify the need for a Rx beam switch before a beam management procedure is triggered by the network. This identification can be the result of the UE’s gyroscope detecting a flip-over or the receiver detects a significant drop in receive signal quality, a result of a failure in PDSCH decoding or from a comparison of different Rx beam RSRPs when two different RSs are sent with the same TCI state, and received on different receive beams. 
Once the UE identifies that there is a need to do receive beam training, it sends the network a request to trigger the beam management procedure. This request can be signaled at the first available transmission opportunity on PUCCH, on a reserved RACH state or in UCI on PUSCH. 
When the network receives the request from the UE, the network will trigger a beam management procedure. The network may choose for example to trigger a P1/P2/P3 beam management procedure, or just a P3 procedure. 
Proposal 2: a UE triggered beam management procedure should be studied in NR for overhead reduction
Another venue for reducing the overhead in the beam management procedure is to vary the number of the NZP-CSI-RS resources configured with repetition ‘on’, such that configuring the NZP-CSI-RS resources with repetition ‘on’ with a smaller repetition number results in a smaller overhead. This can be based on feedback from the UE, and the quality of the Rx beam report sent to the transmitter. 
Observation 3: Varying the number of NZP-CSI-RS resources configured with repetition ‘on’ can result in a lower beam management overhead

Measurement and Reporting with Interference Measurement
In the current beam management procedure, a UE is configured with one resource setting such that this resource setting is used for channel measurement for L1-RSRP computation. For this resource setting, to train Tx beam, the UE is configured with a higher layer parameter repetition set to ‘off’; to train receive beams, the UE is configured with a higher layer parameter repetition set to ‘on’. When repetition is set to ‘off’, a CRI-RSRP report is configured, when repetition is set to ‘on’, no CRI report is configured. 
Beam measurement and reporting based on channel measurement with L1-RSRP may not be enough in interference limited, dense network scenarios. Furthermore, in FR2, with integrated access and backhaul, the ability to steer the transmit and receive beams such that cross link interference across hop orders is mitigated is crucial. A beam measurement framework that is based on channel and interference measurement is thus needed.
Observation 4: Beam measurement and reporting based on both channel and interference measurement is needed 
Generalization of the current beam management procedure to include both desired signal and interference measurements for Tx and Rx beam identification is needed, through an L1-SINR measurement. 
Proposal 3: Beam measurement and reporting based on L1-SINR should be supported for the beam management framework in NR 
To include an interference measurement in the beam management report, in addition to a channel measurement, the resource setting defined for beam management can include CSI-RS-resource sets configured for channel measurement as well as interference measurement performed on CSI-IM or on NZP-CSI-RS. For this resource setting, the UE can be configured with multiple report settings, such that the network may configure a report setting with CSI-RS resources corresponding to a strong interference source, while another report setting can be configured without a strong interference source. UE can select the transmit and receive beams independently for each of the report settings. 
One can also define an additional resource setting for beam management, in addition to the one resource setting currently defined in NR Rel. 15 for the beam management procedure. One resource setting, with its associated report setting, can be used for transmit and receive beam measurement and selection for channel measurement, with no strong interference present. The additional resource setting, can be used for interference measurement on CSI-IM or on NZP-CSI-RS, in the presence of interference. 
Proposal 4: Additional resource settings and report settings can be added to the beam management procedure to include interference measurement
A decentralized Beam Management Procedure for V2X
Current beam management framework is suitable for a centralized cellular network where the base station controls the procedure for all the UEs. Vehicular communication, however, lacks a centralized controller, and even if a local controller exists, in a hierarchical network structure, the scheduler might reside in a node that is different from the transmitter and the receiver. For such an environment, a given UE might need to maintain a beam to not just one but multiple surrounding nodes. A more streamlined, faster, beam management strategy is needed for mobile nodes in V2X. 
Observation 5: Faster and more efficient beam management procedures should be studied for mobile applications
To reduce the overhead and the latency associated with establishing transmit and receive beams in the current beam management procedure, the receive beam could instead be selected through repeating the data transmission on multiple beams, given a preconfigured receive beam sweeping strategy. The duplication can be indicated to the receiver in the associated control channel. The receiver chooses the Rx beam that has the highest DMRS receive signal strength to receive on for the rest of the transmission session. 
Such a beam management strategy considerably reduces the latency associated with beam sweeping to establish transmit and receive beam alignment, and is well suited for decentralized mobile applications, with more stringent latency constraints.

Robust Beam Failure Recovery for URLLC
Beam management and beam failure recovery procedures for NR were not designed with different service requirements in mind. In fact, some of the stringent requirements for URLLC in terms of reliability and latency might not be met with the current beam management and beam failure recovery procedures frameworks. A more robust, faster beam acquisition and recovery should be considered to fulfill URLLC requirements.
Proposal 5: Improvements that enable more robust, faster beam acquisition and beam failure recovery should be studied for URLLC
In the current NR framework, beam failure is declared only when all the serving control channels fail. Partial beam failure detection, corresponding to the case when a subset of serving control channels fail, however, should be considered to enable a faster, more robust beam failure recovery procedure. 
In fact, the ability to divide the RSs used for beam management and beam failure detection into multiple sets, corresponding to different control channel resource sets, which in turn correspond to different service requirements, such as URLLC traffic or eMBB traffic, is beneficial to meet the URLLC latency and reliability requirements. When a UE determines that a given CORESET failed, a partial beam recovery procedure is triggered for recovery of that particular CORESET. A measurement report can thus be sent with a new recovery request transmission on a PUCCH channel, corresponding to another functioning CORESET. This partial beam failure recovery concept improves the reliability in URLLC type traffic as it decreases the chances of going into an RLF mode, and decreases the latency of the beam failure recovery procedure. The recovery request transmission for partial beam failure recovery on PUCCH does not have to be configured separately from the beam management procedure, in fact, a common PUCCH feedback channel to carry indicators corresponding to the selected beam reporting in case of beam management or failed beam reporting in case of partial beam failure recovery can be used.
Proposal 6: Partial beam failure recovery procedure should be studied to improve the reliability for URLLC
Furthermore, in the radio link monitoring procedure, periodic out-of-sync (OOS) and periodic in-sync indications are triggered if the estimated link quality corresponding to a hypothetical PDCCH BLER is below (consecutively above) certain threshold. In addition to periodic IS and OOS indications to estimate the link quality on configured RLM-RS resources, a tighter interworking between the RLM procedure and the beam failure recovery procedure should be established, especially for URLLC traffic. Aperiodic IS and OOS indications based on the beam failure recovery procedure should be introduced to assist the RLF procedure. For example, an out-of-sync indication may be triggered once all the monitored beams of the UE have experienced beam failure for a configured number of consecutive intervals, while an in-sync indication may be triggered a-periodically once one or more of the beams are restored as part of a beam failure recovery procedure. 
Proposal 7: The use of aperiodic out-of-sync and in-sync indications based on beam failure recovery procedure should be supported to assist the RLF procedure. 



Conclusion
In this contribution, we discussed different techniques to decrease the overhead and reduce the latency in the beam management procedure. We proposed interference measurement in the beam measurement and reporting. We further discussed more robust beam failure recovery for URLLC applications. We made the following observations and proposals.

Observation 1: Current Tx and Rx beam management procedure may result in a large overhead
Observation 2: Network triggered Rx beam management procedure may lead to an increased overhead 
Observation 3: Varying the number of NZP-CSI-RS resources configured with repetition ‘on’ can result in a lower beam management overhead
Observation 4: Beam measurement and reporting based on both channel and interference measurement is needed 
Observation 5: Faster and more efficient beam management procedures should be studied for mobile applications

Proposal 1: Faster Tx/Rx beam alignment should be studied to reduce overhead and decrease latency in the beam management framework
Proposal 2: a UE triggered beam management procedure should be studied in NR for overhead reduction
Proposal 3: Beam measurement and reporting based on L1-SINR should be supported for the beam management framework in NR 
Proposal 4: Additional resource settings and report settings can be added to the beam management procedure to include interference measurement
Proposal 5: Improvements that enable more robust, faster beam acquisition and beam failure recovery should be studied for URLLC
Proposal 6: Partial beam failure recovery procedure should be studied to improve the reliability for URLLC
[bookmark: _GoBack]Proposal 7: The use of aperiodic out-of-sync and in-sync indications based on beam failure recovery procedure should be supported to assist the RLF procedure. 
