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1. Introduction
In RAN1 #89 meeting, the following agreements on beam reporting have been achieved. [1] 
· The following beam grouping criteria are considered:
· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 
· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.
· Down selection of the beam grouping criteria by next meeting
· FFS in addition to the above grouping criteria, the following grouping criteria can be considered
· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.
· C2 (in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.
In the RAN1 NR Ad Hoc #2, there was the following agreement on beam reporting [2]:
· Study L1-RSRP reporting of multiple beams considering
· Differential L1-RSRP for multiple beams
· Reference RSRP for L1-RSRP differential report,e.g., predefined or configurable
· Bit-width of reporting, 
· Number of groups/beams per group 
· UCI design of the beam reporting, 
· FFS: Other issues
In this contribution, we will provide some discussions on the beam reporting for NR.
2. Discussion
2.1  RS for Beam Management
In the previous RAN 1 NR Ad-Hoc meeting, there was following conclusion on RS for beam management:
Conclusion:
· No consensus at this meeting to support L1-RSRP reporting of measurements on SS block for beam management procedures in Rel-15
With SS-block for beam management, there are some drawbacks compared with UE specifically configured CSI-RS.
Firstly, the SS-block is a narrow band signal, thus the measurement on SS-block might be not accurate. Compared with measurement on CSI-RS which is wide-band signal, there will be some performance loss. Figure 1 shows some results on different bandwidth of reference signal. It can be observed that there is some performance loss if the occupied RBs is 12 or 24. Also in our companion RAN4 contribution [3], some simulation results are provided indicating that the performance of RSRP measurement for SS-block is worse than CRS based RSRP measurement. So if SS-block is used for beam management, the performance of NR may be worse than LTE to some extent.


[bookmark: _Ref490130758]Figure 1  Link level results on different bandwidth of reference signal
Secondly the Tx beam on SS-block might be not the same with the data transmission beam since usually wide beam will be used for SS-block. If SS-block is used for beam management, then some additional signalling is necessary to indicate the Tx beam which cause extra overhead.
And furthermore, only one Tx beam could be transmitted over the SS-block. Thus it will take longer time to do the beam sweeping compared with CSI-RS which means longer sweeping delay.
Hence, we have the following proposal:
Proposal 1: In NR the downlink beam management is only based on UE specially configured CSI-RS.
2.2  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.
As been agreed the UE should report the measurement results of best N beams to the gNB if group based beam reporting is not enabled.
In order to reduce the overhead for beam reporting, differential RSRP should 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 2: Support differential L1-RSRP reporting for multiple beams to reduce overhead. The reference beam could be set implicitly.
2.3  Group Based Beam Reporting
As it has been agreed, for group based beam reporting, the following criteria can be considered:
A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 
C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.
A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.
C2 (in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.
When performing group based beam reporting, the reporting could be based on A1 + C1, or A2 + C2.
Comparison between A1+C1 and A2+C2
Analysis is performed to compare A1+C1 and A2+C2 for beam reporting, including the impact on network side requirement, scheduling, group construction flexibility, and overhead.
Requirement on network side
With A1+C1 criteria, the TRP Tx beams reported for the same group can be simultaneously received by the UE. And the network will select the Tx beams to transmit to the UE based on the reported information. For example, if UE reports Tx beams (1, 3) for the first group, and Tx beams (5, 9) for the second group, then the gNB should select Tx beams (1, 3) or (5, 9) for data transmission to the UE.
However, it actually implicitly requires that the UE reported Tx beams for the same group could be simultaneously transmitted by the gNB. Thus the gNB side has to send to the UE the information that which Tx beams could be simultaneously transmitted by the gNB, which means additional signalling overhead.
Without the information from the gNB which Tx beams could be sent at the same time, the reporting with A1+C1 actually doesn’t perform well. For example, if the UE reports Tx beams (1, 3) for one group, but the gNB can’t send Tx beams (1, 3) simultaneously, then the gNB has to select other Tx beams and the reported information is not useful.
With criteria A2+C2, there is no such restriction. Based on A2+C2, the Tx beams reported for the same group cannot be received simultaneously at the UE, which means the gNB should not select the Tx beams reported for the same group. If the gNB decides to send multiple Tx beams simultaneously, it should select Tx beams for different group. With A2+C2, the reported information is clear to the network side and more useful. And it is the gNB that decides which Tx beam(s) should be used for transmission.
In comparison, A2+C2 actually provide information to the network side about the UE receiving capability, i.e. which Tx beams could not be received simultaneously. But for A1+C1, this information is actually excluded in the reporting.
Observation 1: For group based beam reporting, A1+C1 requires additional information from the network side.
Impact on scheduling
For A1+C1, since the different Tx beams reported by different groups can’t be received simultaneously at the UE, it actually put some restriction on the scheduling at the gNB side. If the gNB decides to schedule multiple Tx beams to one UE, it has to select the Tx beams based on the reported groups. Below table shows an example for UE with two panels.
[bookmark: _Ref481421070]Table 1  Example of beam reporting
	
	Rx beam
from Panel 1
	Best Tx
beam observed
	Rx beam
from Panel 2
	Best Tx
beam observed

	Group 1 (A1+C1)
	2
	1
	8
	3

	Group 2 (A1+C1)
	3
	5
	10
	9



For A1+C1, when the gNB schedules multiple Tx beams, it has to select Tx beams (1, 3) or (5, 9). The gNB can’t select Tx beams reported by different groups, i.e. the gNB can’t select Tx beams across different groups. From the UE perspective, the reported Tx beams from one group might be the best for one specific UE based on RSRP. However, from the gNB perspective, the Tx beams from one group might be not the best combination considering other factors, such as loading, interference, etc. More groups should be configured if the information of Tx beam pair (1, 9) and (5, 3) needs to be reported.
For A2+C2, there is no such limitation on the network side scheduling. The gNB can determine which Tx beams should be scheduled together as long as they are targeting different groups.
Observation 2: For group based beam reporting, A2+C2 offers more flexibility to the gNB scheduling.
Group construction
For A2+C2, it is obvious that the grouping is fixed and somehow pre-configured by hardware implementation. This actually simplify the group construction operation. The Rx beam information could be transparent to the gNB.
For A1+C1, the group construction is dynamic and flexible. However, it is complicated because the number of possible groups could be large and the details should be FFS. For example, whether the groups should be selected based on some spatial characteristics or the construction should be done after all the beams have been measured.
Observation 3: A2+C2 is simpler for group construction operation.
Overhead
In order to perform group based beam reporting, besides the DL Tx beam information and RSRP information, the UE also needs to report the group information.
If the number of groups  and the Tx beams within each group  are the same for both A1+C1 and A2+C2, then the overhead are the same for both alternatives.
However, as illustrated by the example in Table 1, the number of possible Tx beam combinations by A2+C2 could be . As for A1+C1, one report can report only one combination of Tx beams. Thus in order to achieve the same flexibility as A2+C2, the number of configured groups should be , which could be very large especially with the increasing of UE antenna panels and consequently occupying a lot of bits.
Furthermore, with the increasing number of configured groups, the amount of reported Tx beams and RSRP also increases, as one group can report only one combination of Tx beams. Figure 1 shows a comparison of the number for Tx beam and RSRP to be reported between A1+C1 and A2+C2 if same flexibility should be achieved for both solutions.
[image: ]
[bookmark: _Ref481825174]Figure 1  Comparison between Alt 1 and Alt 2
Another case is that the number of good Tx beams observed by different UE panels might be different due to the channel condition and beamforming, especially with the increasing number of UE antenna panels. For example, if the UE has 2 panels, the first panel select one Tx beam and the second panel select three Tx beams. In this case, for A1+C1 the UE may need to construct three groups to report the beams leading to extra overhead compared with A2+C2.
Observation 4: A1+C1 occupies more overhead than A2+C2.
In order to further reduce the overhead, differential RSRP should be also supported for group based beam reporting. The UE should set one Tx beam as the reference, and for the non-reference beam to be reported, differential L1-RSRP could be utilized.
Hence we have the following proposals based on the observations.
Proposal 3: For group based beam reporting, NR should support the criteria of A2 and C2. Differential L1-RSRP should be also supported for group based beam reporting.
2.4  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. 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 those reported in beam management P-1 to find out the best gNB beam, as it already knows the beam state for the reported beams in P-1. If the beam state report is based on CSI, the reported 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 2 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 reported in P-1 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.


[bookmark: _Ref481438183]Figure 2: 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 slots. 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 4: 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 5: For DL beam management P-3, if needed, the beam reporting content should be the same as P-1.

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: In NR the downlink beam management is only based on UE specially configured CSI-RS.
Proposal 2: Support differential L1-RSRP reporting for multiple beams to reduce overhead. The reference beam could be set implicitly.
[bookmark: _GoBack]Proposal 3: For group based beam reporting, NR should support the criteria of A2 and C2. Differential L1-RSRP should be also supported for group based beam reporting.
Proposal 4: 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 5: For DL beam management P-3, if needed, the beam reporting content should be the same as P-1.
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