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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].
This contribution discusses beam reporting for beam management procedures. Related to beam reporting the following agreements were reached in RAN1#86bis [3]:
	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



Following agreement was made in Spokane RAN1 adhoc in January:
Agreements:
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:
· N is not necessarily fixed number 
· FFS: whether/how to configure and/or indicate the values of N
· Note: The above procedure based on RS for mobility purpose is not precluded.
· Reporting information at least include
· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both
· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K
· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, etc.

2	Discussion
2.1	Event based beam reporting
Key functionality in network controlled beam management is beam state information (BSI) reporting, which comprises measurement results on beams detected by the UE such as RSRP, and identification of measured beam. In addition to previously agreed network triggered aperiodic beam reporting, it is considered that UE initiated beam info reporting procedures are needed and considered to be beneficial. An active UE is expected to continuously track and measure beams of the serving cell, and potentially beams of the neighbor cells, thus UE has better knowledge on the quality of different beams and is able to detect link degradation potentially faster than network that would need to poll for the beam reports.   In addition, event based reporting saves potentially resources since reporting is done based on configured trigger events.  
As an example, a UE event could be when alternative beam becomes better than current serving beam or when UE detects a new beam outside the current candidate set.
Proposal 1: Support UE event triggered beam info reporting procedures.
Network should be able configure and control UE event triggered reporting with event specific parameters to avoid excess signalling load in a cell and to manage radio resources. Such parameters could be e.g. different offsets, time to trigger values, periodicity of reports, prohibit timers, reporting formats etc. 
Observation 1: Network should have means to control UE triggered beam info reporting load.
Proposal 2: Support UE event triggered BSI reporting procedure which is configurable by network.
2.2	Physical uplink channel for BSI reporting
For network triggered BSI reporting physical uplink control channel (PUCCH) would be used, i.e. the gNB triggers BSI reporting as well as PUCCH resources e.g. via DCI signaling. 
Proposal 3: Support network triggered BSI aperiodic reporting on PUCCH.
In addition to aperiodic BSI reporting, periodic BSI reporting may be needed as well. That is because of shortage of TXRU and beam resources when operating using hybrid or analog beamforming architecture which may make PUCCH capacity a bottleneck especially when there are moderate or high number of UEs in the cell that are having active beam management procedures running. In other words, capacity of PUCCH within one time domain resource is limited by the number of beams (and TXRUs) rather than by multiplexing capability of the channel itself.  
Proposal 4: Support periodic BSI reporting on PUCCH.
For UE event triggered BSI reporting, the report could be triggered and generated by MAC and signaled using MAC CE. When BSI reporting is triggered (either periodic or UE event based), UE may request UL resources using SR and then multiplex BSI report to transport block as MAC CE. MAC layer reporting has also benefits of being able to flexibly/dynamically change the amount of information e.g. number of beams included in a report. In general SR procedure could be used and no specific uplink signal for requesting BSI reporting would be needed. In LTE, MAC layer is responsible for triggering signals and procedures such as scheduling request and random access procedures. Having UE event triggered beam reporting actions requiring SR/RACH signaling in MAC in NR should be considered as well.
Proposal 5: Support triggering of UE event based actions on L2 (MAC). 
Proposal 6: Support BSI reporting using MAC CE. 
In addition to beam reporting on PUCCH and using MAC CE, UE may report beam qualities using RRC signaling when providing inter-cell measurement reports for L3 / RRC level mobility.   

2.3	Beam State Information
BSI report is used to signal to gNB information about strong/preferred DL TX (and UL RX) beams together with their measures. In addition, the BSI reporting could include beam group feedback information, i.e. the UE may send to the gNB beam state information of different groups where groups are formed based on, for instance:
· per UE RX beam, i.e. the UE may provide info how it sees gNB beams using different RX beams

The BSI report would include beam index and corresponding beam strength/quality measure which may be grouped in certain way. Beam index is a logical index which is unique in a cell and may be derived using beam specific reference signals and SS-block time index. More details on deriving beam index are included in [5]. 
Reference signal received power (RSRP) measure is considered as a baseline for beam measurements and selection where the main goal is to find strong beams. 
Proposal 7: RSRP measure is used in beam measurements. 
Proposal 8: BSI information comprises of beam index and optionally group indication and associated RSRP value. 
Proposal 9: Study the range and resolution of RSRP measure for beam measurements.
Proposal 10: Study whether wideband or narrowband reference beam reference signal is needed for better beam selection performance. 
2.4	Periodic or aperiodic RS for BSI?
BSI would be basis for P1 and P2 where the gNB beams are measured and selected. P3 is about potential UE side beam training. Thus, BSI would be gathered and reported as part of P1 and P2 but not actually needed in P3. After UE beam training in P3, the gNB may trigger CSI-RS transmission and measurement from the UE where UE may use trained RX beam in P3 for calculating the CSI and provide CSI report to the gNB. Thus, it is considered that no BSI is needed in P3 as there it’s expected that UE aligns its RX beam better towards the already selected gNB beam and thus CSI report would be more natural feedback from the UE along side P3.
Proposal 11: BSI reporting is used in P1 and P2, but not needed in P3. 
P1 is based on cell specific and periodic RS transmission representing the full set of gNB downlink beams. P1 acts as an anchor procedure for the radio link. Continuous beam tracking should be based on P1 whereas P2 can be used in aperiodic and UE specific manner e.g. to refine gNB beam(s) detected and selected as a result of P1 procedure. Thus, BSI from P1 would be based on cell-specific periodical RS and BSI from P2 would be based on UE specific aperiodic RS
Proposal 12: BSI reporting in P1 is based on periodical cell and beam specific CSI-RS.
Proposal 13: BSI reporting in P2 is based on aperiodical UE specific beam CSI-RS.

2.5 Beam Reporting on P-1/P-2 Beams
Following options can be considered for reporting beam state information on P-1/P-2 beams: 
· Highest quality beam 
· N -highest quality beams 
· N -highest quality beams per M groups of beams
The “highest quality beam” option may be seen as a special case of ‘N-highest’ where N=1. In our view the value ‘N’ should be defined as maximum number of reported beams and it should be configurable by network. When UE reports measurements on P1-beams it reports the BSI (Beam Index & RSRP) of the measured. Beam index refers logical beam index. When UE reports measurements on P-2 beams (based on aperiodic RS measurements) the beam index may differ from the indexing used for P-1 beams thus the BSI should reflect that. One way to apply indexing for P-2 beams would be to use RS resource / port index. 
Potential values for ‘N’ e.g. N =1,2,4,8 (other values FFS). As the value ‘N’ indicates maximum number of beams to be included in the report may also contain less the maximum number of beams, depending how many beams UE is able to detect. Alternatively UE may detect more beams than it is allowed to report. When UE reports beam measurements it reports the highest quality beams that it has measured according to network configuration. For P-1 and P-2 beam reporting UE reports RSRP.
Proposal 14: Network configures UE with maximum number of reported beams by signaling the value N
Proposal 15: When UE reports ‘N’ beams it reports the N -highest quality beams based on RSRP measurements. 
Proposal 16: When UE reports beam measurements on P-1 beams it reports the logical beam index and RSRP
Proposal 17: When UE reports beam measurements on P-2 beams it reports the RS resource/Port index and RSRP 
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Potential values for ‘M’ e.g. M =1,2,4 (other values FFS). The value ‘M’ indicates maximum number of beam groups to be reported. For each beam group, UE may report N -beams according to configuration. When UE has multiple beam groups the N may be also beam group specific according to configuration.
Proposal 18: Network configures UE with maximum number beam groups for reporting by configuring the value M    
Network should have flexibility to configure the values of ‘N’ and ‘M’ in semi-static manner thus the values should be configurable by RRC. RRC configuration could be seen as “default” configuration when reporting BSI information in e.g. UE event triggered reporting using MAC CE. Additionally, it may also be beneficial to support beam report triggering with dynamic value of ‘N’. Network can indicate the value ‘N’ dynamically, e.g. (temporarily) overriding the default value using MAC or DCI signaling. As one example network may configure UE to report maximum of N=4 when reporting on P-1 beams but indicate dynamically the maximum number of beams e.g. N=2 when requesting report on P-2 beams.
Observation 2: Beam reporting should be semi-statically configurable by RRC and dynamically configured by MAC/DCI 
Proposal 19: Support beam reporting where ‘N’ is semi-statically configurable by RRC and dynamically configurable by MAC/DCI 
Proposal 20: Support beam reporting where ‘M’ is semi-statically configurable by RRC and dynamically configurable by MAC/DCI 
As discussed earlier in this contribution three different signaling channels mechanism with potentially different properties and use cases: PUCCH, MAC CE, RRC:
For intra-cell mobility UE would use PUCCH/MAC CE based signaling. When reporting neighbor inter-cell measurements UE would provide them via RRC signaling. Different values of N may be used in each reporting which may also depend on channel capacity. While MAC CE may accommodate    
Observation 3: Intra-cell mobility / beam management utilizes PUCCH and MAC CE for beam reporting while inter-cell beam measurements are reported via RRC signaling.
The value ‘N’ may also depend on the used reporting channel and potentially reporting event e.g. when UE reports beam state information using MAC signaling it may be able to report more beams than using PUCCH. Thus for PUCCH the may be a fixed reporting configuration or a reporting configuration that would be dependent on the assigned resources.

3	Conclusions 
In this contribution beam reporting for beam management is discussed. Based on discussion the following observations and proposals are made:
Observation 1: Network should have means to control UE triggered beam info reporting load.
Observation 2: Beam reporting should be semi-statically configurable by RRC and dynamically configured by MAC/DCI
Observation 3: Intra-cell mobility / beam management utilizes PUCCH and MAC CE for beam reporting while inter-cell beam measurements are reported via RRC signaling.

Proposal 1: Support UE event triggered beam info reporting procedures.
Proposal 2: Support UE event triggered BSI reporting procedure which is configurable by network
Proposal 3: Support network triggered BSI aperiodic reporting on PUCCH.
Proposal 4: Support periodic BSI reporting on PUCCH.
Proposal 5: Support triggering of UE event based actions on L2 (MAC). 
Proposal 6: Support BSI reporting using MAC CE. 
Proposal 7: RSRP measure is used in beam measurements. 
Proposal 8: BSI information comprises of beam index and optionally group indication and associated RSRP value. 
Proposal 9: Study the range and resolution of RSRP measure for beam measurements.
Proposal 10: Study whether wideband or narrowband reference beam reference signal is needed for better beam selection performance. 
Proposal 11: BSI reporting is used in P1 and P2, but not needed in P3. 
Proposal 12: BSI reporting in P1 is based on periodical cell and beam specific CSI-RS.
Proposal 13: BSI reporting in P2 is based on aperiodical UE specific beam CSI-RS.
Proposal 14: Network configures UE with maximum number of reported beams by signaling the value N
Proposal 15: When UE reports ‘N’ beams it reports the N -highest quality beams based on RSRP measurements. 
Proposal 16: When UE reports beam measurements on P-1 beams it reports the logical beam index and RSRP
Proposal 17: When UE reports beam measurements on P-2 beams it reports the RS resource/Port index and RSRP 
Proposal 18: Network configures UE with maximum number beam groups for reporting by configuring the value M   
Proposal 19: Support beam reporting where ‘N’ is semi-statically configurable by RRC and dynamically configurable by MAC/DCI 
Proposal 20: Support beam reporting where ‘M’ is semi-statically configurable by RRC and dynamically configurable by MAC/DCI
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