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1. Introduction

In last RAN4 #80bis meeting a WF [1] was approved to captured consensus on RRM for NR, in which some agreements related to beam based measurement were made:

	1.4 Beam based measurement

Agreements

· Beam-based measurement requirements may depend on periodicity/availability of the relevant beam confguration

· Requirements cover applicable duplex mode(s)

· Requirements cover SA and NSA

· Requirements cover licensed and unlicensed operations

Way forward

· Further investiations of signals for beam based measurement (such as BRS) and the means to perform fast beam identfication and beam measurement

· Further investigate the need for transition between beam-based and omnidirectional measurements


In this contribution, we make a brief summary of RAN1/2 progress related to beam management and provide our view on corresponding RRM impact based on the way forward above.

2. RRM consideration
In this section, we briefly summarize the latest progress of RAN1/2 related to beam management and provide the corresponding potential RRM impact.
2.1. RAN1 progress and corresponding RRM impact
	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.
· Some examples can be found in R1-1610891 and R1-1609414


It can be found above that RAN1 now is studying group based beam management. From the definition one can see that beam grouping might apply to both DL and UL beam management, i.e. multiple Tx and/or Rx beam(s) and/or beam pair(s) might be grouped into one subset of beams. From RRM point of view, if beam grouping is adopted in NR, then beam management RRM requirements specified in RAN4 shall also cover group based beam management. However, detailed mechanism for beam grouping, reporting, beam-group based indication for beam measurement, beam-based transmission or beam switching are still FFS. Associated RRM work can start once the UE behaviours and mechanism of beam grouping are clearly defined in RAN1/2. For example, how many beams are grouped and what’s the commonality for those beams in the same group from UE point of view. All of these may have potential impact on RRM work.
Observation 1: beam management RRM requirements shall cover beam grouping.
	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


For information, P-1, P-2 and P-3 operations are three procedures related to DL beam management agreed in RAN1 #86. Respectively, P-1 is related to TRP Tx beams and UE Rx beams selection/determination, P-2 is related to TRP Tx beams reselection and P-3 is related to UE Rx beams refinement. Aperiodic beam reporting is supported means UE needs to perform measurement on DL beam(s) or beam group(s) and report the results under certain condition. Since the reporting details are FSS, UE behavior is still quite unclear, e.g. whether UE needs to monitor multiple “neighbor” beams from the same TRP or beams from neighbor TRPs. The decision has potential impact on UE power consumption and reporting delay. The associated RRM requirements might be in terms of reporting delay, which might comprise of signaling processing delay (in network initiated reporting) and/or evaluation delay (in UE initiated reporting). However, detailed requirements are pending more RAN1/2 input.
Observation 2: beam management RRM requirements shall cover beam reporting.
	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


From above one can found that promising UL beam management procedures are similar with DL beam management. Detailed operations are still under discussion in RAN1. From RAN4 RRM aspect, if UL beam management is introduced, RAN4 might need to specify corresponding RRM requirements. One thing needs to be highlighted is that the requirement might not only cover UE behavior, but also need to consider some network performance, e.g. how to guarantee network can make the right decision on UE Tx beam and TRP Rx beam selection. RAN4 should study whether the requirement at network is necessary or it can be left to network implementation. 
Proposal 1: RAN4 is to study whether RRM requirement at network side is necessary for UL beam management once it is decided in RAN1.

	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.


According to the agreements above, link quality monitoring is needed in NR. It has not been decided in RAN1 that whether it applies to DL and/or UL transmission. In legacy LTE radio link failure can be triggered by both DL and UL problem. DL based mechanism bases on RLM performed at UE side. UL based mechanism mainly focuses on actual UL transmission problem, e.g. maximum re-transmission times is exceeded and etc. From RRM aspect, RAN4 define requirements for DL mechanism, i.e. RLM. But no RRM requirements for UL mechanism specified. When we come to NR, whether to use new procedure is still under discussion in RAN1. RRM related work can hardly start at this stage since UE behavior highly depends on RAN1/2 design.
	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 


From RAN4 point of view, beam-related indication provided by network can be beneficial for UE beam management. For example, it can potentially reduce the delay of beam selection/determination and reselection/refinement. However, this may depend on what exact information is provided in the indication. 
Observation 3: RAN4 may need to differentiate beam management requirements with or without beam-related indication.

2.2. RAN2 progress and corresponding RRM impact

Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:

1. UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.

–
FFS: whether UE report individual and/or combined quality of multiple beams

2. UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. UE should be able to determine if a beam is from its serving cell.

–
FFS whether serving/non serving cell may be termed 'serving/non serving set of beam)

–
FFS: whether the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.

-
FFS how the cell in connected relates to the cell in idle

3. 
Study how to derive a cell quality based on measurements from individual beams

4. 
In connected mode, intra-cell mobility can be handled by mobility without RRC involvement. 

-FFS whether there may be cases that do require RRC involvement.

5
UE should be able to identify a beam. FFS how beams are identified (to be defined by RAN1)

Agreements for IDLE
1
In IDLE mode, UE performs cell selection and reselection on NR Cells.

2
Study how to derive a cell quality based on measurements.

It can be observed in above agreement that UE needs to measure one or more individual beams from serving and neighbour cells. Beams from serving cell are transparent to UE. Under this assumption, UE might evaluate beams for serving cell more frequently than beams from neighbour cells for power saving, since link quality from serving is more critical and may need to be monitored from time to time. Actually, similar situation can be found in LTE, where UE needs to perform measurement on serving cell for every DRX cycle in both RRC_IDLE and RRC_CONNECTED state. Meanwhile, priority for neighbour cells is relative low compared to serving. Especially for inter-frequency measurement, reduce the measurement activity is beneficial for UE power consumption and it can also avoid the decline of serving cell throughput considering less gaps is needed. Thus we can have following proposal:
Proposal 2: RAN4 may need to consider differentiate measurement requirements for serving and non-serving cells.
Discussion on how to trigger handover and how to derive a cell quality from beams measurements are still on-going in RAN2. The concrete RRM requirement can be studied once the whole mechanism becomes more stable.
3. Conclusions

In this contribution we provide further discussion on RRM impact from latest RAN1/2 progress related to beam management. After discussion the following conclusions are made:
Observation 1: beam management RRM requirements shall cover beam grouping.
Observation 2: beam management RRM requirements shall cover beam reporting.

Proposal 1: RAN4 is to study whether RRM requirement at network side is necessary for UL beam management once it is decided in RAN1.

Observation 3: RAN4 may need to differentiate beam management requirements with or without beam-related indication.

Proposal 2: RAN4 may need to consider differentiate measurement requirements for serving and non-serving cells.
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