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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
RAN1#86bis made the following agreements on beam management [3]:
	Working assumptions:
· Beam management procedures can utilize at least the following RS type(s):
· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS
· Others are not precluded
· CSI-RS:
· CSI-RS is UE-specifically configured
· Multiple UE may be configured with the same CSI-RS
· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition
· Other RS could also be considered for beam management such as DMRS and synchronization signals.

Agreements:
· Group based beam management is to be further studied:
· Definition of beam grouping:
· Beam grouping = for TRP(s) or UE to group multiple Tx and/or Rx beam(s) and/or beam pair(s) into one subset of beams 
· FFS detailed mechanisms for beam grouping, reporting, beam-group based indication for beam measurement, beam-based transmission or beam switching, etc.
Agreements:
· For downlink, NR supports beam management with and without beam-related indication
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE
· FFS: Information other than QCL
· FFS: When beam-related indication is provided, information pertaining to the Tx beam used for data transmission is indicated to UE 
· For downlink, based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams
· Study how the N Tx beams can be selected 
· Study the case where N comprises of all Tx beams
· Study UE reporting information
· Note: N can be equal to 1
Agreements:
· Support at least network triggered aperiodic beam reporting:
· Aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations
· FFS beam reporting details
· FFS: UE assisted/initiated aperiodic beam reporting
· FFS: In case of UE assisted/initiated aperiodic beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel (e.g. physical random access channel, physical uplink control channel).
· Further study is needed whether semi-persistent/periodic/event-triggered beam (network triggered or UE assisted/initiated) reporting is needed
Agreements:
· Support using same or different beams on control channel and the corresponding data channel transmissions
· FFS the antenna ports for control channel and the corresponding data channel (e.g., sharing some ports or not)
· Study detailed aspects related to beams/beam pairs indication/reporting involving usage of control and data channels and involving one or more TRPs
Working assumption:
· 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.
· More refined definition can still be discussed
Agreements:
· UL beam management is to be further studied in NR
· Similar procedures can be defined as DL beam management with details FFS, e.g.:
· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)
· Note: this is not necessarily useful in all cases
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming
· FFS Indication of information related to Tx/Rx beam correspondence is supported
· Study UL beam management based on:
· PRACH
· SRS
· DM-RS
· Other channels and reference signals are not precluded
· Study uplink beam management procedure by considering the Tx/Rx beam correspondence
· For the case of TRP and UE have Tx/Rx beam correspondence
· For the case of TRP has no Tx/Rx beam correspondence and/or UE has no Tx/Rx beam correspondence
Agreements:
· NR supports mechanism(s) in the case of link failure and/or blockage for NR
· Whether to use new procedure is FFS
· Study at least the following aspects:
· Whether or not an DL or UL signal transmission for this mechanism is needed
· E.g., RACH preamble sequence, DL/UL reference signal, control channel, etc.
· If needed, resource allocation for this mechanisms
· E.g., RACH resource corresponding mechanism, etc.



In this contribution, we will discuss the RRM performance requirements for supporting beam management. 
2	Discussion
Downlink beam management
Beam management consists of the following three procedures P-1, P-2 and P-3:  
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

P-1 is the main procedure maintaining the connection via BS and UE beams. Radio link control related procedures like beam misalignment detection and beam recovery procedures should be associated to P1. Downlink periodical Beam Reference Signal (BRS) sweeping, at least in standalone mode, is considered to be basis for P1 procedure. It’s also expected that UE uses these periodical BRSs for aligning its RX and TX beams. P2 can be built upon P1 using aperiodic procedure in which the BS may, in aperiodic manner, transmit BRS type signal from subset of P1 beams. P2 beams may also be different beams than P1 beams e.g. in case P1 beams are using wider beam widths than P2 beams targeting to minimize periodical beam sweeping time but with the cost of reduced of coverage for P1 beams. 
Beam management procedure comprises functionalities for 
· updating candidate BS beam set for DL and UL control and data transmissions
· beam detection, selection, measurement and beam measurement reporting
· beam recovery

Figure 1 shows an example in high-level on beam management procedure, where BS requests beam report from UE and then makes the decision to update current serving and candidate beam sets based on beam report from the UE. 
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[bookmark: _Ref463002920]Figure 1 Beam management procedure for the first update of serving and candidate beam sets
Although RAN1 has not finalized the RS type(s) for beam management procedures, from RAN4 point of view, we can expect that we would need to define the corresponding UE RRM performance requirements associated with the UE’s capability and performance in supporting beam reporting, including the number of beams can be measured, the beam report delay, and the beam measurement performance, in order for the BS to make the right decision to select and/or change the beams in the supported beam management procedures.

Observation 1: For supporting beam management, RAN4 needs to introduce the RRM requirements in terms of UE’s performance including the beam measurement delay and the beam measurement performance, for the supported procedures.

UE Multi-Beam Support
As agreed in RAN1, for downlink, based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams. Although RAN1 has not decided on how the N Tx beams can be selected, whether N comprises of all Tx beams, as well what information should be included in the UE reporting information, we can still envision the complexity to be involved in bean reporting. 

As depicted in Figure 2, there could be many BS beams from different TRPs deployed in distributed manner, which provides the scheduling flexibility and service robustness for a UE. BS may signal the candidate beams to UE for the UE to select and align its TX and RX beam(s) for the UL transmission or DL reception. The UE will need to carry out the beam measurements for these candidate beams and may report one or more strong BS beams from multiple TRPs. A UE is also required to be 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, and 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. Therefore, it is important for defining the capability and the performance of the of UEs in terms of the number of beams that the UE is capable of measuring, the time needed to perform these measurements, as well as the measurement accuracy.
 
[image: ]
[bookmark: _Ref462670298]Figure 2. Illustration of a UE served by multiple beams from different TRPs
Observation 2: When a UE is under the coverage of multiple beams from different TRPs, the UE is also required to be able to determine the right Tx beams for the uplink transmission based on UE’s downlink measurement and Rx beam for the downlink reception based on TRP’s indication.

Beam management solutions need to cover the case with multiple beams or beam groups between the UE and NW. As shown in Figure 2, a UE could be under coverage of multiple sufficient beams (group of beams) via certain direction and possibly also under coverage of multiple of such beam groups via different directions – depending on the UE transceiver (e.g., number or Rx antenna ports) architecture/capability, it may be able to receive via multiple beams from different directions (ie., beam groups) at the same time. Since the UE could be reachable via multiple beams via different beam groups by the NW, the link robustness as well as communication performance could be improved. On the other hand, the UE may not be able to receive from multiple beams of different beam groups simultaneously, in which case the NW should be aware what beam group the UE is listening in any given time – applicability of the DRX concept to synchronize the active beam groups between UE and NW at any given time should be studied.

Beam grouping may be used to enable link robustness and improve communication performance. As indicated above, RAN1 will further study group based beam management, where a beam grouping is for TRP(s) or UE to group multiple Tx and/or Rx beam(s) and/or beam pair(s) into one subset of beams. The detailed mechanisms for beam grouping is FFS, including reporting, beam-group based indication for beam measurement, beam-based transmission or beam switching, etc.

Observation 3: The concept of beam grouping was introduced in RAN1 for the case when a UE is under the coverage of multiple beams from different TRPs. RAN4 may need to introduce corresponding RRM requirements once the details group based beam management is finalized.  

UE Periodic and Aperiodic Beam Measurements
As agreed in RAN1, a UE will need to support at least network triggered aperiodic beam reporting for P-1, P-2, and P-3 related operations with the beam reporting details being still FFS. In addition, it is still FFS for UE assisted/initiated aperiodic beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel (e.g. physical random access channel, physical uplink control channel), as well as whether semi-persistent/periodic/event-triggered beam (network triggered or UE assisted/initiated) reporting is needed.

Observation 4: RAN4 needs at least to define the performance requirements for network triggered aperiodic beam reporting. Depending on RAN1 decision, RAN4 may need to define the performance requirements for other type of reportings, such as periodic beam reporting.

Beam radio link monitoring and recovery
As indicated above, RAN1 has made the agreement that:

· NR supports mechanism(s) in the case of link failure and/or blockage for NR
· Whether to use new procedure is FFS
· Study at least the following aspects:
· Whether or not an DL or UL signal transmission for this mechanism is needed
· E.g., RACH preamble sequence, DL/UL reference signal, control channel, etc.
· If needed, resource allocation for this mechanisms
· E.g., RACH resource corresponding mechanism, etc.

Beam radio link monitoring and recovery functionality is essential in beam based access because UE rotation and movement together with operating with narrow beams at BS and UE may easily cause beam misalignment between the BS and UE. 
It’s expected that UE needs to tracks DL BRS for both BS downlink and uplink beam management purposes. Similar with legacy UEs, the NR UE should be able to determine whether DL signal quality in a beam or a beam group is good enough for NR-PDCCH reception to make beam RLM decision, and if necessary, to trigger further actions for potential beam recovery. Depending on RAN1/RAN2’s decision, beam recovery may be performed through a random access procedure to re-acquire BS DL and UL beams, or re-configure the UE to another beam or beam group with a dedicated uplink transmission resource(s).
Observation 5: Once RAN1/RAN2 finalize the beam radio link monitoring and recovery procedures, RAN4 is expected to define the corresponding performance requirements.

Uplink Beam Management
From uplink point of view, UE may also implement NR UL beamforming. 
During initial access, UE may not necessarily to have UL beam related information, except if reciprocity can be assumed. Thus, one common approach for initial access is through beam sweeping operation in which the UE attempts to search a good UL Tx/Rx beam pair for the initial UL PRACH transmission. Similar with the DL beam management procedure P-1, RAN1 defines the UL beam management procedure U-1 to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam. 
After the completion of the initial access, the UL beam management procedure U-2 may be used to enable TRP measurement on different TRP Rx beams to possibly change/select better inter/intra-TRP Rx beam(s). The reason is that the initial beam selected in procedure U-1 may not be the best choice. In addition, the beam switching may be necessary due to UE movement or blockage.
For UL beam management, RAN1 identified a number of candidate signals, including PRACH, SRS, and DM-RS. Obviously, since PRACH is used for initial access to the network, the PRACH detection results could be used for the selection of the better beam(s). During the connection, the UE may periodically transmit SRS and also transmit DM-RS with uplink control and data transmission. Thus, both signals may also be used for UL beam management.  
Observation 6: Once RAN1/RAN2 finalize the UL beam management procedure, RAN4 may need to consider introducing corresponding UL beam management performance requirements.

3	Conclusions 
In this contribution we discussed the RRM Requirements supporting NR beam management, and have the following observations:
· Observation 1: For supporting beam management, RAN4 needs to introduce the RRM requirements in terms of UE’s performance including the beam measurement delay and the beam measurement performance, for the supported procedures. 
· Observation 2: When a UE is under the coverage of multiple beams from different TRPs, the UE is required to be able to determine the right Tx beams for the uplink transmission based on UE’s downlink measurement and Rx beam for the downlink reception based on TRP’s indication.
· Observation 3: The concept of beam grouping was introduced in RAN1 for the case when a UE is under the coverage of multiple beams from different TRPs. RAN4 may need to introduce corresponding RRM requirements once the details group based beam management is finalized.  
· Observation 4: RAN4 needs at least to define the performance requirements for network triggered aperiodic beam reporting. Depending on RAN1 decision, RAN4 may also need to define the performance requirements for other type of reportings, such as periodic beam reporting.
· Observation 5: Once RAN1/RAN2 finalize the beam radio link monitoring and recovery procedures, RAN4 is expected to define the corresponding performance requirements. 
· Observation 6: Once RAN1/RAN2 finalize the UL beam management procedures, RAN4 may need to consider introducing corresponding UL beam management performance requirements.
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