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1. Introduction
This contribution is revised from R1-1712549, R1-1712550, R1-1712551 and R1-1712554.
In the RAN1 #90 meeting, the following agreements on beam management were achieved:
Agreements:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)
Agreements:
· At least for non-grouping based beam reporting, taking the following parameter values for further consideration
· For maximal TX beam numbers for a UE to measure for a given reporting instance: candidate value is, e.g., around K = [64]
· For maximal TX beam numbers reported by a UE per reporting instance are, e.g., N = [1, 2, 4, 8]
· For L1-RSRP levels, candidate value is, e.g., around [100]
· Considering maximal L1-RSRP range, e.g., from X dBm to Y dBm
· Considering step-size of L1-RSRP, e.g., Z dB
· Companies are encouraged to evaluate/analyze appropriate values considering
· P1, P2, and P3 procedures
· The values could be different for aperiodic reporting, and semi-persistent/periodic reporting if supported
· The values could be different for PUCCH and PUSCH based reporting, if supported
· CSI-RS and/or SS-block related measurement/reporting
Agreements:
· Support the following for group based beam reporting, if group based beam reporting is configured:
· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously
· Note: UE may report N or fewer beams in a given reporting instance
· N is configured by the gNB where N<= Nmax
· Nmax depends on UE capability
· FFS:  how to define the UE capability
· N =2 is supported. Further study {4,8}
· Notes: Information indicating group is not required to be reported in Rel-15
· Note: 
· From the perspective of Alt-1, the UE reports one group with N Tx beams.
· From the perspective of Alt-2, the UE reports N group with one Tx beam per each group.
· Note: Mechanisms to reduce UE complexity for beam pair search should be further studied
Agreements:
· For the purposes of beam indication for at least NR unicast PDSCH, support an N-bit indicator field in DCI which provides a reference to a DL RS which is spatially QCL’d with at least one PDSCH DMRS port group
· An indicator state is associated with at least one index of a DL RS (e.g., CRI, SSB Index) where each index of downlink RS can be associated with a given DL RS type,  e.g., aperiodic CSI-RS, periodic CSI-RS, semi-persistent CSI-RS, or SSB, 
· Note: L1-RSRP reporting on SSB is not yet agreed
· Note: One possibility to determine DL CSI-RS type is through the resource setting ID, other options are not precluded
· The value of N is FFS, but is at most [3] bits
· FFS: The case of more than one DMRS port group
· FFS: Whether or not to indicate more than one beam indicator, NR strive to minimize the indicator overhead 
…
In this contribution, we will provide some further discussions on beam management, including beam reporting, beam indication, UL beam management, etc.
2. Beam Reporting
2.1 Beam Reporting
Based on the multi-beam operation, both the gNB and UE can maintain a plurality of beams through beam management procedures. It is important for the gNB to have the up-to-date information about the beam quality. The UE should report results back to gNB after measurement.
In order to reduce the overhead for beam reporting, differential RSRP could be introduced. One Tx beam should be set as the reference beam, and the real RSRP value for the reference Tx should be delivered. For the non-reference beams, differential RSRP with the reference beam should be reported.
The UE could explicitly indicate which Tx beam is the reference, for example, a tag could be added to the reference beam. But in order to further reduce the overhead, the reference Tx beam could be set implicitly. For example, the first Tx beam to be reported will be always the one with the best quality. And it will be set as the reference implicitly and the rest beams should be reported with differential RSRP value.
Proposal 1: Support differential L1-RSRP reporting for multiple beams to reduce overhead. The reference beam could be set implicitly.
In the previous meeting, it has been agreed that SS block could be used for beam management with L1-RSRP reporting. Since the SS-block is a narrow band signal, thus the measurement on SS-block might be not accurate.
In order to improve the accuracy of measurement and reporting with L1-RSRP on SS block, joint SS block and CSI-RS could be used, which has also been agreed in the previous meeting.
With joint SS block and CSI-RS, the CSI-RS could be multiplexed on the same OFDM symbol as SS block, i.e. the CSI-RS and SS block are transmitted with the same beam. With CSI-RS as the extension, the L1-RSRP measurement could be more accurate.
In order to do joint SS block and CSI-RS, the power offset should be introduced. In the configuration of CSI-RS, it should also include EPRE (energy per resource element) ratio between CSI-RS and SS block signal.
Further, the power offset between CSI-RS and SS block could be represented by the following equation:

where D is the supported CSI-RS densities per antenna per PRB for 1 port case.
[bookmark: _GoBack]Proposal 2: If SS block + CSI-RS is used, the power offset should be introduced to support L1 reporting.
2.2 Group Based Beam Reporting
In the previous meeting, it has been agreed that group based beam reporting is supported. The UE can report N Tx beams and N equals to two as the starting point.
Considering the number of reported Tx beams is two and in order to minimize the overhead, the UE could report Tx beams at different reporting instance and the UE could use one bit to indicate the relationship for the Tx beams across two reporting instances, for example, whether the Tx beams reported at different reporting instance could be received simultaneously or not. And the gNB could configure whether the feature is enabled or not.
One case is that UE has two panels and each panel adopts dual polarization. Thus at one reporting instance, the UE could report two Tx beams observed by the same panel with different polarization. And at the next reporting instance, the UE could report two Tx beams observed by another panel. In this case, the UE could use one bit to indicate that the reported Tx beams at different reporting instances could be received by the UE simultaneously.
Another case is that the UE reports two Tx at the first instance, one Tx beam from each panel. And at the next report instance, the UE reports another two Tx beams. In this case, the UE could use one bit to indicate the Tx beams reported at different reporting instance could not be simultaneously received by the UE. 
Proposal 3: For group based beam reporting, it should be supported to indicate whether the Tx beams reported at different reporting instance could be received simultaneously by the UE.
3. Beam Indication
In the previous meeting, for PDSCH beam indication, it has been agreed an N-bit indicator field in DCI should be supported which provides a reference to a DL RS which is spatially QCL’d with at least one PDSCH DMRS port group.
Since the beam indication for PDSCH is carried by DCI, in order to switch to the new UE Rx beam, the UE has to decode the DCI information over PDCCH firstly. Thus there will be a delay or gap between the beam indication signalling over DCI and the actual data transmission over PDSCH with new beam due to the analogue beamforming.
A scheduling offset could be introduced for PDSCH beam indication. The offset could be pre-configured. Since different UE may have different capability on processing and beam switching, the scheduling offset should also depends on UE capability.
Proposal 4: For NR-PDSCH beam indication via DCI, the scheduling offset between PDCCH and PDSCH is pre-configured and depends on UE capability.
In order to reduce the overhead for beam indication, the beam indication could be based on the Tx beams reported by the UE. As agreed, the N-bit indicator could be used for beam indication. And the N-bit indicator could refer to a smaller subset of the entire Tx beams. Based on the beam measurement and reporting, the N-bit indicator state could be updated.
For uplink, if beam correspondence holds, then common beam indication could be used for both DL and UL. For example, the N-bit indicator in DL could be also used for UL. For uplink beam indication without beam correspondence, the beam indication could be based on the SRS for beam management and SRI could be used. In order to reduce overhead, an N-bit indicator could be also introduced which is similar with the one for DL beam indication. And the N-bit indicator provides a reference to SRS and an indicator state associates with one index of SRS, i.e. SRI. And the gNB should explicitly signal the association between the N-bit indicator and SRI to the UE.
Proposal 5: For DL, the beam indication can be based on latest beam reporting to reduce overhead. For UL beam indication without beam correspondence, the gNB should explicitly signal to the UE about the association between SRI and N-bit indicator.
4. Signaling for DL Beam Management
4.1 Triggering of P-2/P-3
As it has been agreed, the downlink beam management procedures include P-1, P-2 and P-3. However, how to trigger these beam management procedures should be further discussed.
For P-1, it could be periodic and the CSI-RS for P-1 will be transmitted periodically. The periodicity could be configured by the gNB. With the configuration information, the gNB and UE could perform P-1 accordingly.
For P-2 and P-3, it could be aperiodic and could be configured by the gNB, for example, the CSI-RS resource information. The triggering of P-2/P-3 could be based on beam reporting. If the reported information indicates beam quality degradation, then the beam management procedure should be triggered. But the reported information is just for certain amount of beams. And the reported measurement result is based on the pair of Tx beam and Rx beam. Thus even though the configuration is done by the gNB, it is difficult for the gNB to tell whether the quality degradation is caused by gNB Tx beam or UE Rx beam since the gNB has to rely on the reported information which is limited. And it’s not easy for the gNB to determine whether P-2 or P-3 should be performed.
One possible way is that P-2 and P-3 are always performed jointly, but it can lead to extra overhead. In some cases, only P-2 or P-3 is necessary. For example, if the UE rotates, the UE Rx beam will fail but the original gNB Tx beam still works. In this case, only P-3 should be performed and there is no need to perform P-2 procedure to refine the gNB Tx beam. In another case, if the gNB Tx beam is blocked, then only P-2 should be performed since the UE Rx beam still works. Figure 1 shows the scenario for separate P-2 and P-3 procedure.


[bookmark: _Ref489970248]Figure 1  Scenario for separate P-2/P-3
From the UE perspective, it is relatively easy for the UE to tell whether gNB Tx beam refinement or UE Rx beam refinement is required. The detailed solution could be up to implementation. For example, the UE could switch to omni reception and perform measurement. If the omni measurement drops a lot, then the Tx beam may become worse. If the omni measurement doesn’t change much, then the UE Rx beam may not be good.
Thus from the spec perspective, it should be supported that the P-2/P-3 procedure could be requested by the UE. The UE should indicate which downlink beam management procedure should be performed in the request, for example, P-2, P-3 or joint P-2/P-3. And it is up to the gNB to determine whether P-2/P-3 should be performed and the configuration is done by the gNB.
Proposal 6: For DL beam management P-2 and P-3, it could be requested by the UE and the configuration is performed by the gNB.
4.2 Beam Management with Multi-TRP and Multi-Panel
In previous meetings, multi-TRP and multi-panel operation has been discussed. The UE with multiple antenna panels could maintain communication links with different TRPs via different antenna panels. For example, for downlink, multiple TRPs could send different data and the UE could receive the downlink signal using different antenna panels. Thus the number of transmission layers can be increased and some throughput gain can be observed. 
Figure 2 shows an example of the multi-TRP and multi-panel operation. As shown in the figure, the UE maintains communication link 1 with TRP1 via the beam pair: Tx beam 2, Rx Beam 3 of Panel 1, and the communication link 2 with TRP2 is via the beam pair: Tx beam 5, Rx beam 8 of Panel 2. By using different panels, the UE can send/receive different data stream with different TRPs for better performance.


[bookmark: _Ref485136137]Figure 2  Example of Multi-TRP and Multi-Panel Operation
However, there might be some issues when performing beam management procedures in the scenario of multi-TRP and multi-panel operation. When movement/blockage/rotation happens, the UE may need to refine the UE side beam. In some cases, the UE side beams across different panels should be swept for refinement. If the quality of Link 1 in Figure 2 drops, then P-3 procedure might be triggered to refine the UE Rx beam to maintain the link with TRP1. In this case, there might be some impact on Link 2 with TRP 2 because the data communication with TRP 2 should be interrupted if some beams on Panel 2 should be swept. Since the UE Rx beam is fixed for P-2, the impact mainly exists with P-1 and P-3 procedure.
There could be two solutions for beam management with multi-TRP and multi-Panel operation if UE side beam sweeping is required: one is independent beam management among TRPs and the other one is joint beam management among TRPs.
With independent beam management, the downlink beam management procedures are performed between UE and one specific TRP. When the beam management with one TRP is performed across different UE antenna panels, the UE could be configured with a measurement gap. With the gap the UE could interrupt data communication with other TRPs and perform measurement on the TRP initiating beam management procedures. For example, as shown in Figure 2, if TRP1 requests P-3 procedure and the UE needs to sweep Rx beams on both panel 1 and panel 2, then some measurement gap could be configured for the UE. When the UE measures the TRP1 Tx beams using Rx beam from panel 2, it should use the configured measurement gap to do the measurement and interrupt the data transmission with TRP2 temporarily.
Another option is to perform the beam management jointly among TRPs for multi-TRP and multi-panel operation. In some cases, e.g. UE rotation, it’s likely that all the communication links should be refined. In this case, the beam management procedure could be performed simultaneously among TRPs and there should be some coordination among TRPs. As shown in Figure 2, for example, if P-3 is triggered with TRP1, then TRP1 should inform TRP2 to perform P-3 procedure too. Both TRP1 and TRP2 can send CSI-RS for P-3 simultaneously. In this way, the overhead for beam sweeping could be reduced and the sweeping could be accelerated compared with performing beam management TRP by TRP. However, it may bring tight timing requirement since the CSI-RS from different TRPs should be sent simultaneously.
In order to further reduce the impact of data interruption, the UE may indicate to the TRP whether the UE side beams should be swept across different panels. If there is no need to sweep beams across UE antenna panels, then the beam management procedure could be performed with one TRP without impact on communication links with other TRPs
Proposal 7: For multi-TRP and multi-panel operation, RAN1 to further study whether the downlink beam management procedures should be performed jointly or independently among TRPs.
5. UL Beam Management
5.1 Channel and RS for UL Beam Management
The beam correspondence has been agreed to be the UE’s capability. For the UEs with beam correspondence, the UE could directly reuse the DL Rx beam to be the UL Tx beam. However for those without beam correspondence, some beam sweeping operation should be used to help the UE to determine the best UL Tx beam. Further in the gNB side, without beam correspondence, the gNB cannot easily determine which beam to be used to receive the UL signal. Hence the UL beam management should be supported for the case when partial or no beam correspondence can be guaranteed.
For UL beam management, all the channel or signal with beam sweeping can be the candidate tools to use. The PRACH with beam sweeping can help the UE to find out an initial UL beam pair. For the beam/link recovery signal, which can be multiplexed with the PRACH in FDM or TDM manner, can also allow the beam sweeping. In [6], we proposed to consider the beam/link recovery signal to be one format of PUCCH. In the following part, we will call it as PUCCH or PUCCH for beam recovery. The resources for beam sweeping using PRACH and PUCCH can be cell-specific. For SRS, since it can be triggered in aperiodic and UE specific manner, the resources for beam sweeping using SRS can be UE specific. Hence PRACH, PUCCH/PRACH for beam recovery and SRS with beam sweeping should be taken into account for UL beam management.
The PRACH can be used for the beam management for asynchronized UEs. The PUCCH for beam recovery and SRS can be used for synchronized UEs. For both, gNB shall configure resources. And the gNB could trigger the PRACH/PUCCH for beam recovery to perform beam management. Since the PUCCH for beam recovery resources are shared by all UEs in the cell, the configuration should be done cell-specific manner. On the contrary, SRS with beam sweeping can be configured UE specific manner.
Proposal 8: In addition to SRS, NR should support the following channels for UL beam management: PRACH, and PUCCH/PRACH for beam recovery. And gNB to trigger PUCCH/PRACH for beam recovery should be supported.
5.2 Signaling for UL Beam Management
For UL beam management U-2, it is used to refine the TRP Rx beam. The UE transmits RSs using one particular Tx beam with repetitions and the TRP performs Rx beam sweeping. If there are multiple beam pair links (BPLs) maintained between the TRP and the UE, the TRP should indicate the link index or the UE’s Tx beam index, which can be used to for the U2.
After receiving RSs in U-2, the TRP triggers a DL measurement if the new refined Rx beam is not the same as current Rx beam. It is because the change of UL Rx beam could have impact on the UL power control. With the new DL measurement, the UE updates power control related information such as coupling loss measurement. In RAN1 #88 meeting, it has been agreed that beam specific power control can be supported. Thus the gNB may provide beam specific power control information, e.g. BPL index, to assist the UE to form a proper Tx beam with proper Tx power. 
For UL beam management U-3, it is used to refine the UE Tx beam. The TRP could use one Rx beam to receive different Tx beams. After U-3, the TRP should inform the UE which Tx beam is the best so that the UE could know which Tx beam should be used after the refinement. To save overhead, the gNB may indicate whether the Tx beam sweeping should rely on current Tx beam in one BPL or not. 
The U-2 and U-3 can be used for gradual TRP/UE beam change or abrupt TRP/UE beam change. The gradual TRP/UE beam change means the new TRP/UE beam may be around current TRP/UE beam. The abrupt TRP/UE beam change indicates that the new TRP/UE beam could be far from current TRP/UE beam. Then the number of SRS transmission instance can be configurable to adapt different beam change cases. In this way, the overhead of the SRS can be reduced, especially for the gradual beam refinement case.
Proposal 9: After receiving the SRS, the TRP should provide power control related information for the UE to update its power control settings and pathloss calculation if the refined beam is a new beam.
Proposal 10: For UL BM U-3, NR supports signaling to inform the UE whether the Tx beam sweeping should rely on current Tx beam in one BPL or not, and the indication of the best UE Tx beam index should be supported.
5.3 Joint UL/DL beam management when reciprocity is assumed
If the UL/DL channel reciprocity can be assumed, the best TRP Tx and UE Rx beam pair for downlink can be used as the UE Tx and TRP Rx beam for uplink. Using this property, TRP and UE can jointly manage the UL/DL beam. For example, the UL U-2 and DL P-3 can be jointly used. After receiving the CSI-RS for P-3, the UE could find out the best DL Rx beam and the corresponding UL Tx beam. This UL Tx beam can be used at the UE for SRS transmission in U-2. Then the TRP can find out its best UL Rx beam and corresponding DL Tx beam for the following DL transmission.  A similar fast beam acquisition procedure can be applied to support UL transmission. Therefore with the help of channel reciprocity, joint UL/DL beam management procedure can be achieved within one subframe as illustrated in Figure 3. Hence there can be some RS association between the CSI-RS for beam management and SRS to allow the joint UL/DL beam management when reciprocity can be assumed. However to limit other BM-RS association seems not to be necessary.


						
[bookmark: _Ref485200636]Figure 3: Joint DL and UL beam refinement to assist DL and UL transmission
Proposal 11: RAN1 should consider joint UL/DL beam management into account when UL/DL channel reciprocity can be assumed. The RS association between CSI-RS for beam management and SRS should be supported. Other RS association can be FFS since the benefit is unclear.
6. Conclusion
In this contribution we have provided our views on beam management. From the discussion, we have the following proposals.
Proposal 1: Support differential L1-RSRP reporting for multiple beams to reduce overhead. The reference beam could be set implicitly.
Proposal 2: If SS block + CSI-RS is used, the power offset should be introduced to support L1 reporting.
Proposal 3: For group based beam reporting, it should be supported to indicate whether the Tx beams reported at different reporting instance could be received simultaneously by the UE.
Proposal 4: For NR-PDSCH beam indication via DCI, the scheduling offset between PDCCH and PDSCH is pre-configured and depends on UE capability.
Proposal 5: For DL, the beam indication can be based on latest beam reporting to reduce overhead. For UL beam indication without beam correspondence, the gNB should explicitly signal to the UE about the association between SRI and N-bit indicator.
Proposal 6: For DL beam management P-2 and P-3, it could be requested by the UE and the configuration is performed by the gNB.
Proposal 7: For multi-TRP and multi-panel operation, RAN1 to further study whether the downlink beam management procedures should be performed jointly or independently among TRPs.
Proposal 8: In addition to SRS, NR should support the following channels for UL beam management: PRACH, and PUCCH/PRACH for beam recovery. And gNB to trigger PUCCH/PRACH for beam recovery should be supported.
Proposal 9: After receiving the SRS, the TRP should provide power control related information for the UE to update its power control settings and pathloss calculation if the refined beam is a new beam.
Proposal 10: For UL BM U-3, NR supports signaling to inform the UE whether the Tx beam sweeping should rely on current Tx beam in one BPL or not, and the indication of the best UE Tx beam index should be supported.
Proposal 11: RAN1 should consider joint UL/DL beam management into account when UL/DL channel reciprocity can be assumed. The RS association between CSI-RS for beam management and SRS should be supported. Other RS association can be FFS since the benefit is unclear.
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