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1. Introduction
In RAN1 NR #88 meeting, the following agreements on beam reporting have been achieved. [1] 
· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 
· For each group l, UE reports at least the following information:
· Information indicating group at least for some cases
· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1
· Measurement quantities for Nl beam (s)
· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)
· FFS: the details of RSRP/CSI derivation and content
· FFS: Other reporting contents, e.g., RSRQ  
· FFS: Configurability between L1 RSRP and CSI report
· FFS: whether or not to support differential L1 RSRP feedback
· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable
· 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, beam selection rules for assisting rank selection for MIMO tx, etc.
· This group based beam reporting is configurable per UE basis.
· This group based beam reporting can be turned off per UE basis e.g. when L=1 or Nl=1
· NOTE: No group identifier is reported when it is turned off 
· FFS: how L is determined. e.g. by network configuration or UE selection or UE capability e.g. how many beams can be received simultaneously
· FFS: how is configured using the CSI framework to support multi-panel or multi-TRP transmission
Further, some agreements on beam indication have been achieved as follows:
· For reception of unicast DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel: Information indicating the RS antenna port(s) is indicated via DCI (downlink grants)
· The information indicates the RS antenna port(s) which is QCL-ed with DMRS antenna port(s) 
· FFS: Indication details
· E.g. explicit indication of RS port/resource ID, or implicitly derived 
· FFS when the indication is applied (e.g., the indication is assumed only for the scheduled PDSCH or until next indication; when the above information is included, if there should be a scheduling/beam switch offset, etc.)
· FFS: Beam indication for receiving fall back unicast PDSCH (if supported)
· Note: related signalling is UE-specific
· FFS: Beam indication (if needed) for receiving (UE-group) common PDSCH for RRC connected UE
· Candidate signalling methods for beam indication for a NR-PDCCH (i.e. configuration method to monitor NR-PDCCH)
· MAC CE signalling
· RRC signalling
· DCI signalling
· Spec-transparent and/or implicit method
· Combination of the above
In this contribution, we will provide some discussions on the details of DL beam management including the beam reporting, control signalling and beam indication.
2. Discussion
Beam Reporting
Based on the multi-beam operation, both the gNB and UE can maintain a plurality of beams. A good gNB-UE beam pair can increase the link budget. For beam management P-1, the UE could find out a good gNB-UE beam pair, which may not be the best beam pair. Then the best gNB beam can be discovered in P-2 and the corresponding UE beam can be refined in P-3. When reporting the beam state, there can be the following options:
Alt 1: Rx beam set based beam reporting
Alt 2: UE antenna group based beam reporting
Both alternatives can be used for UE with multiple antenna panels. The difference is whether to keep the UE’s Rx beam to be transparent or not. In Alt1, the Rx beam can be partial or non-transparent. In Alt2, the Rx beam can be fully transparent. Hence the Alt1 would have larger overhead than Alt2. Further, alt1 needs to construct different types of Rx beam set, which relies on multiple hypothesis of measurement for beam management RS. Then the latency for measurement could be another issue. In addition, it is difficult for the gNB to judge which Rx beam sets can be simultaneously used. For Alt2, the UE could do the measurement for each antenna group independently and simultaneously, and its latency could be smaller. Therefore with regard to reporting overhead and measurement latency, Alt2 should be supported and it can be for further study whether some Rx beam information should be non-transparent or not.
Proposal 1: with regard to reporting overhead and measurement latency, Alt2 (UE antenna group based beam reporting) should be supported and it can be for further study whether some Rx beam information should be non-transparent or not.
Beam Reporting Content
The beam state report could be based on RSRP/RSRQ or CSI. Compared to the RSRP/RSRQ, the CSI based scheme should increase the complexity of receiver and such CSI may be measured only from partial bandwidth if the CSI-RS for P-1 is using some small bandwidth, which could not be effective enough to determine the CSI for other bandwidth. Hence with regard to the overhead of CSI-RS and the receiver complexity, at least for P-1 the beam state reporting should be based on RSRP. Moreover for different Rx beams, different interference level may be observed, which means different RSRQ can be observed form different gNB-UE beam pairs. Hence whether RSRQ should be reported can be studied. 
For beam management P-2, if the beam reporting is based on RSRP, the gNB can use different beams from that in beam management P-1 to find out the best gNB beam, as it already knows the beam state for the beams in P-1. If the beam state report is based on CSI, the beams in P-1 may be utilized in P-2 to compare the CSI for the possible beams. This CSI based feedback looks to be the CSI acquisition with number of CSI link/measurement and report restriction. Figure 1 illustrates one example for the two different beam state reporting scheme for P-2. The gNB may schedule the strongest beams as well as their neighbour beams to determine the best gNB beam(s), if the beam state reporting for P-2 is based on CSI. Instead, if the beam state reporting is based on RSRP, the gNB only needs to schedule the beams not in the P-1 beam grid and compare the feedback of P-2 and P-1 to find out the best gNB beam(s). The overhead of the CSI-RS can be reduced if the RSRP based scheme is used, which could also reduce the UE’s complexity. Further, the beamforming gain fluctuation could be observed when beam sweeping is used. To measure the CSI-RS, the requirement of AGC could be more accurate. Therefore with regard to overhead of CSI-RS as well as the AGC accuracy impacted by beamforming gain fluctuation, it would be better for the UE to report the RSRP for beam management P-2.


Figure 1: an example for different beam state reporting scheme in P-2
For beam management P-3, if the applied gNB beam is a new gNB beam, which means this gNB beam is not used for current downlink transmission, some feedback could be helpful for the gNB to determine whether the beam switching operation is needed. Hence the beam state reporting for P-3 should be the same as that for P-1, so that the gNB could compare the quality of beams and decide which beam(s) to be utilized in the following subframes. If needed, the beam reporting for P-3 should be based on RSRP, and the RSRQ can be also considered to enable interference aware beam selection.
Proposal 2: for DL beam management P-1 and P-2, with regard to the overhead, receiver complexity and AGC accuracy, the beam reporting should be based on RSRP, and the RSRQ based feedback can be considered to allow interference aware beam selection. 
Proposal 3: for DL beam management P-3, if needed, the beam reporting content should be the same as P-1.
Control Signalling for P-1
For downlink, both TRP transmission beam and UE reception beam needs to be managed in order to benefit from beamforming. The beam management procedure P-1 is used to identify initial and candidate TRP/UE beams. In our companion contribution [2], the beam acquisition mechanisms for P-1 have been discussed. 
With P-1, the best pair of TRP beam and UE beam should be selected which involves high computation complexity for beam quality calculation and comparison. Besides the complexity, the required time period for beam searching is very long if exhaustive searching procedure is used, which causes large delay for beam acquisition and tracking.
Assuming the number of narrow beams at the TRP and UE sides are  and   (,  >> 1) respectively, the amount of iterations required for the exhaustive beam searching is equal to  .  For example, in case all TRP beams are swept within one sub-frame, then actual beam acquisition delay would be  sub-frames for the exhaustive beam searching.
In order to reduce the latency of beam acquisition, the TRP beams can be divided into several subsets. Each TRP beam subset can cover the whole space (horizontal and vertical span) with sparse angular granularity, thus the subsets are spatially equivalent in terms of determining whether one UE beam is good or not. Then the UE can use different UE Rx beam for different TRP beam subset for beam sweeping. And within each subset, the UE should use the same Rx beam for reception. If the number of TRP beam subsets is , then the time needed for exhaustive beam searching can be reduced to .
Figure 2 shows an example of TRP beams assignment into three subsets. The TRP beams within one subset can be transmitted over several OFDM symbols within one sub-frame. The repetition of all the three subsets will be performed over different sub-frames, as shown in (d) of Figure 2. The TRP beams within each subset should cover the entire horizontal and vertical span as shown in (a)-(c) of Figure 2. Then the UE can utilize one UE beam to sweep one subset (subset #1), and switch to another UE beam to sweep subset #2, and so forth. In this way, the total beam sweeping latency can be reduced to 1/3 of exhaustive search by using three TRP beam subsets.
In order to utilize the benefits by having TRP beam subsets, the network should broadcast to the UEs the number of subsets the TRP beams are divided into and the number of beams in each subset, so that the UE can know when to switch to different UE beam to facilitate TRP/UE beam acquisition with reduced latency.
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(a) Illustration of beam subset1 
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(b) Illustration of beam subset2 

	[image: ]
(c) Illustration of beam subset3 
	

(d) The layout of TRP beam subset


[bookmark: _Ref470771857]Figure 2: TRP Beam Subsets
Proposal 4: For DL beam management P-1, the number of NW beam subsets and the number of beams in each subset should be broadcasted to the UEs to facilitate TRP/UE beam acquisition with reduced latency.
Control Signalling for P-2/P-3
The P-2 and P-3 should be done after P-1, which is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s). So some prior beam information can be obtained from P-1. The P-2 and P-3 can be done separately or jointly. If only the TRP beam change is required, the P-2 can be utilized. If only the UE beam refinement is required, the P-3 can be used. However in some cases, the beam management is to find a new TRP beam as well as corresponding new UE beam. One possible way is to use the omni-Rx beam in UE side first and search the TRP beam by P-2 and then perform P-3 to search the best Rx beam for the newly refined TRP beam from P-3. This could result in high beam management CSI-RS overhead and increase the latency. Therefore to utilize the P-2 and P-3 jointly can help to reduce the RS overhead and beam management latency. 
For P-2 and joint P-2/P-3, the UE should know which Rx beam is recommended by the gNB to measure the CSI-RS. Hence the gNB should indicate the reference CSI-RS antenna ports in P-1 the CSI-RS is targeting to refine. For P-3, if it is used for the UE beam refinement for TRP beam which is used to receive current control or data, the feedback is not necessary as the UE beam refinement can be UE’s implementation issue, which the TRP does not necessarily need to know. Thus the UE needs to update its Rx beam for corresponding gNB beam. Therefore some indication of reference CSI-RS antenna ports in P-1 should be necessary. On the other hand, the P-3 can be used for the UE beam refinement for a new TRP beam which may be used for the beam switching. This could happen after the UE reports the RSRP for the two TRP beams are similar and one TRP beam is used for current PDSCH transmission. Then the TRP may trigger P-3 for another TRP beam to see whether this TRP beam is better than current TRP beam. So the feedback, e.g. RSRP/RSRQ, should be necessary if a new TRP beam is applied to P-3.
Proposal 5: For DL beam management P-2 and joint P-2/P-3, the gNB should indicate the reference CSI-RS antenna ports in P-1 so that the UE could select the corresponding Rx beam to receive the CSI-RS.
Proposal 6: For DL beam management P-3, the gNB should indicate whether the feedback is required and the reference CSI-RS antenna ports in P-1 so that the UE could update the Rx beam for corresponding gNB beam.
Beam Indication
Among the candidate signaling methods for beam indication for a NR-PDCCH, we propose to use combination of RRC signaling and MAC CE signaling. In our view, UE can be configured to monitor NR-PDCCH using higher layer signaling, and then establishes/updates which DL RS antenna port(s) to which beam pair link using MAC CE. The beam pair link establishment or update can be done whenever necessary. 
[image: ]
Figure 1 Example of downlink beam monitoring configuration and beam pair link update procedure
Since NR-PDCCH monitoring configuration itself is not changing dynamically, it can be beneficial to be signaled using higher layer (e.g. RRC signaling). For example, gNB indicates to monitor best beam all the time while monitor second best beam once in a while. This type of configuration helps gNB to find out beam pair link blocking and connect to UE with alternative beam. There is tradeoff between overhead and latency depending on duty cycle of alternative beam monitoring. Another example is that gNB configures UE to monitor several beams all the time to enable a dynamic point selection (DPS) type of operation. 
After NR-PDCCH monitoring configuration and beam management, gNB establishes associations between NR-PDCCH DM-RS(s) and DL RS. In other words, gNB indicates receiver beam representing which monitoring beam. Note that here DL RS is RS for beam management. The establishment or association can be done whenever necessary. For example, DL RS index can be updated after beam management protocol (either by periodic, network initiated or UE initiated beam management). 
Since monitoring configuration is not changing dynamically and association information can be changed only when there is beam management protocol, there is no need for DCI based signaling. Still, for two step DCI, the receive beam for second step DCI can be indicated by either NR-PDCCH beam monitoring or NR-PDSCH beam indication depending on location of second DCI.
Lastly, there are restriction on spec-transparent and/or implicit method, e.g. can’t support DPS or changing duty cycle of different beam monitoring.
Proposal 7. Beam indication for a NR-PDCCH PDCCH (i.e. configuration method to monitor NR-PDCCH) is done by combination of higher layer signaling and MAC CE signaling.
- NR-PDCCH monitoring configuration is done by higher layer signaling.
- Spatial QCL assumption association between NR-PDCCH DM-RS(s) and DL RS is updated by MAC CE. 
 Regarding scheduling offset for NR-PDSCH beam indication, we prefer to apply scheduling offset or cross slot scheduling which anyway can be supported by BW adaptation handling and or measurement gap in dynamic TDD case. Delayed indication, i.e. indicating future beam only while applying current beam for the scheduled NR-PDSCH, is not applicable for DPS type of operation. 
Proposal 8. When DCI includes the beam pair link for NR-PDSCH, the DCI should include NR-PDSCH scheduling offset as well. FFS on offset, e.g. symbol level, slot level, preconfigured, UE specific, etc.
3. Conclusion
In this contribution we have provided our views on details for DL beam management. From the discussion, we have the following proposals.
Proposal 1: with regard to reporting overhead and measurement latency, Alt2 (UE antenna group based beam reporting) should be supported and it can be for further study whether some Rx beam information should be non-transparent or not.
Proposal 2: for DL beam management P-1 and P-2, with regard to the overhead, receiver complexity and AGC accuracy, the beam reporting should be based on RSRP, and the RSRQ based feedback can be considered to allow interference aware beam selection. 
Proposal 3: for DL beam management P-3, if needed, the beam reporting content should be the same as P-1.
Proposal 4: For DL beam management P-1, the number of NW beam subsets and the number of beams in each subset should be broadcasted to the UEs to facilitate TRP/UE beam acquisition with reduced latency.
Proposal 5: For DL beam management P-2 and joint P-2/P-3, the gNB should indicate the beam pair link index so that the UE could select the corresponding Rx beam to receive the CSI-RS.
Proposal 6: For DL beam management P-3, the gNB should indicate whether the feedback is required and whether this is used for control beam refinement or data beam refinement.
Proposal 7. Beam indication for a NR-PDCCH PDCCH (i.e. configuration method to monitor NR-PDCCH) is done by combination of higher layer signaling and MAC CE signaling.
- NR-PDCCH monitoring configuration is done by higher layer signaling.
- Spatial QCL assumption association between NR-PDCCH DM-RS(s) and DL RS is updated by MAC CE. 
Proposal 8. When DCI includes the beam pair link for NR-PDSCH, the DCI should include NR-PDSCH scheduling offset as well. FFS on offset, e.g. symbol level, slot level, preconfigured, UE specific, etc.
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