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1. Introduction
In RAN1 NR Ad-Hoc meeting, the following agreements on beam reporting have been achieved. [1] [2]
· 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.
In this contribution, we will provide some discussions on the beam reporting on reporting content, how to select the N beam(s) and how to identify the subset.
2. Discussion
N reported beam selection
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 for N selected beams, there can be the following options for the N beams selection:
Option 1: group based selection
Option 2: RSRP/RSRQ based selection
In option 1, some highly correlated gNodeB beams can be grouped and the UE only needs to report the beam state for the best beam among the beam group. The benefit is that the UE feedback could include the beams targeting to different channel clusters with limited overhead so that the gNB could find out all possible gNB-UE links and recover the beam if blockage of one link happens. However, there are still some drawbacks: one is that although some signalling overhead in reporting can be saved, additional signalling overhead should be required to maintain the grouping principle; another is that as the UE only report the beam state for the best beam within one group, the gNB cannot easily estimate the CSI if it would like to use one neighbour beam to transmit the signal, which could increase the scheduling limitation. 
On the other hand, in option 2, the N beams can be selected based on the RSRP/RSRQ. The UE could report the beam state for N strongest beams. The UE may still report the beam state for some highly correlated gNB beams, which is not redundant, because it can be helpful for the gNB to estimate the possible CSI if it would like to use a neighbour beam to transmit the downlink signal. So this could release some scheduler limitation. 
In [3], some system level simulation results have been provided. The results and simulation assumptions are also illustrated in appendix as shown in Figure A-1 – Figure A-6. It can be observed that the spatial correlation for the reported beams could be low for the beam sweeping with small OSF, which means different channel clusters could also be captured for option 2.
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Proposal 1: the N reported beams should be selected based on RSRP/RSRQ for each beams.
Content of beam reporting
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 state report 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. 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. The drawback is that additional reference signal for link adaptation may be required. 


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.
Proposal 2: at least for beam management P-1, the beam state report should be based on RSRP, and the RSRQ based feedback can be FFS. 
Antenna Group based Beam Reporting
The UE may have multiple antenna panels which are targeting to opposite or different directions. The beam state measured from one antenna panel could be different from that measured from another antenna panel. Based on network beam recovery mechanism, the gNB and UE could maintain N (N>1) gNB-UE beam pairs. Then if the beam quality turns bad due to UE’s mobility/rotation or blockage, the gNB could switch to another beam pair to communicate with the UE. The N gNB-UE beam pairs may be measured from different antenna panels. In [4], the group based beam management has been discussed. The UE could report the beams based on antenna groups, where one antenna group can refer to one antenna panel or subarray. As different antenna panel may target to different direction, the RSRP measured from different antenna panels could be different. Hence the antenna group based beam reporting should be supported. 
Table 1 illustrates one example RSRP measured from two antenna panels UE. In UE panel 1, the gNB beam 2 and UE beam 2 should be the best gNB-UE beam pair. In UE panel 2, the gNB beam 4 and UE beam 3 can be the second best gNB-UE beam pair. Then the two gNB beams can be simultaneously received if each UE panels have independent RF chains. 
Thus when reporting the beam state, it is better for the UE to indicate whether the beams can be simultaneously received or not. If the beams can be simultaneously received, the gNB could consider the two beams are received from two antenna panels so that they can be viewed as two gNB-UE links no matter whether the two gNB beams are highly correlated or not.
Table 1: an example RSRP measured from two antenna panels UE
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Proposal 3: at least for multiple panel UE, the antenna group based beam reporting should be supported, where one antenna group can refer to one antenna panel.
3. Conclusion
In this contribution we have provided our views on beam state report. From the discussion, we have the following proposals.
Proposal 1: the N reported beams should be selected based on RSRP/RSRQ for each beams.
Proposal 2: at least for beam management P-1, the beam state report should be based on RSRP, and the RSRQ based feedback can be FFS. 
Proposal 3: at least for multiple panel UE, the antenna group based beam reporting should be supported, where one antenna group can refer to one antenna panel.
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Appendix – Simulation Assumptions
Table A-1: Simulation Assumption
	Parameter
	Assumption

	Scenario
	UMi

	Carrier frequency
	30GHz

	Simulation bandwidth
	80MHz

	Subcarrier spacing
	60kHz

	Number of TRPs
	21

	UE distribution
	10 users per TRP 

	Number of TRP beams
	12, 22, 48

	TRP antenna structure
	(4, 8, 2, 2)

	UE antenna structure
	(1, 1, 2, 2)

	Cell Association
	RSRP based
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Figure A-1: C.D.F. of spatial correlation for LOS UEs for 12 gNB beams
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Figure A-2: C.D.F. of spatial correlation for NLOS UEs for 12 gNB beams
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Figure A-3: C.D.F. of spatial correlation for LOS UEs for 22 gNB beams
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Figure A-4: C.D.F. of spatial correlation for NLOS UEs for 22 gNB beams
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Figure A-5: C.D.F. of spatial correlation for LOS UEs for 48 gNB beams
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Figure A-6: C.D.F. of spatial correlation for NLOS UEs for 48 gNB beams
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