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1 Introduction

The following agreements related to beam reporting and beam management principles were obtained in the previous meetings, and summarized as 
Agreements [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
Agreements [2]: 

· 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.

Agreements [2]:
· For beam management with beam group reporting the following quantities should be considered
· the max number of groups supported in the specification M, 

· the max number of Tx beams per group supported in the specification N
· the number of groups to report L 

· the number of Tx beams per group in the report Q

· FFS: UE-specific configuration of the parameters L, Q incorporating UE-capability information

· L = 1, Q = 1 are supported which implies no impact to reporting and indication overhead
· Companies are encouraged to evaluate performance to determine values of M, N, L, Q for the first release of NR 

· Decide on the values of L, M, N, Q supported by the spec to be able to determine impact on reporting and indication overhead. 
In this contribution, we compare and discuss the beam reporting mechanism from various aspects.
2  Discussion on beam reporting schemes in NR
For hybrid beamforming in NR MIMO, how to find and maintain the best or satisfactory Tx-Rx beam pair is an important problem, and the related procedures have been discussed in beam management issues. For DL beam management, P1/P2/P3 is supported to select the best TRP Tx beam(s) and the best UE Rx beam(s). In P1 and P2, beam reporting should be used to inform TRP each UE’s preferred Tx beams, and P-3 can be supported with or without reporting setting.  
Due to UE movement, rotation, and blockage, beam failure may occur. To improve the robustness, multiple-beam based transmission is agreed in the previous meeting, and group-based beam reporting is supported to indicate multiple preferred Tx beams to TRP. According to the previous discussions, Rx beam set based (Alt1) beam reporting and Rx beam group based (Alt2) beam reporting are two different schemes. In the following, we compare and discuss Alt1 and Alt2 schemes from various aspects, including scheduling flexibility, latency, and the capability against beam failure.     
In Alt1, both the number of sets and the beams in each set are decided by UE. The reported Tx beams in the same set can be transmitted simultaneously. One example is that each of Rx beam in a UE Rx beam set corresponds to a selected Rx beam in each panel. In Alt2, antenna group refers to UE antenna panel or subarray, and TX beams reported for different antenna groups can be received simultaneously at the UE. Figure 1 illustrates one example of two users served by two TRPs in a cell. Each UE has four Rx beams, where {Rx beam 1, Rx beam 2} are received by panel 1 and {Rx beam 3, Rx beam 4} are received by panel 2. 
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Figure 1: An example for two uses served by two TRPs in a cell
Here, we just take the scenario of two TRPs as an example, but the discussion in this contribution is not related to single or multi-TRP transmission, the conclusions are applicable to both cases.
Based on UE’s measurement, the preferred Tx-Rx beam pairs of UE1 and UE2 are respectively given as below.
UE 1 : {Tx beam 4, Rx beam 1},{Tx beam 9, Rx beam 3}, and {Tx beam2, Rx beam 4}
UE2 : {Tx beam 6, Rx beam 1}, {Tx beam9, Rx beam 2}, and {Tx beam 11, Rx beam 3}
The beam reporting formats of Alt1 and Alt2 for UE 1 are listed in Table 1.
Table 1 Beam reporting for Alt.1 and Alt.2
Alt1-a 

(Assuming Rx beam set 1 corresponds to Rx beam {1,3}, and Rx beam set 2 corresponds to Rx beam {4})
	Tx beam ID
	RSRP
	Rx beam set ID

	 4
	10 dB
	1

	 9
	12 dB
	1

	2
	10 dB
	2


Alt1-b
 (Assuming Rx beam set 1 corresponds to Rx beam {1,4}, and Rx beam set 2 corresponds to Rx beam {3})
	Tx beam ID
	RSRP
	Rx beam set ID

	 4
	10 dB
	1

	 9
	12 dB
	2

	 2
	10 dB
	1


  Alt2
	Tx beam ID
	RSRP
	Rx beam group ID

	 4
	10 dB
	1

	 9
	12 dB
	2

	 2
	10 dB
	2


· Scheduling flexibility
From Table 1, it can b`
+e seen that UE1 has two options to perform Rx beam grouping, one option is to group {Rx beam 1, Rx beam 3} as Rx beam set 1, { Rx beam 4} as Rx beam set 2 (shown as Alt1-a in Table 1), and the other option is to group {Rx beam 1, Rx beam 4} as Rx beam set 1, { Rx beam 2} as Rx beam set 2 (shown as Alt1-b in Table 1). From Alt1-a, gNB would know that Tx beam 4 and Tx beam 9 can be transmitted to UE1 simultaneously, and from Alt1-b, gNB would know that Tx beam 4 and Tx beam 2 can be transmitted simultaneously. If only Alt1-a or Alt1-b is reported, gNB could only know part of the information. However, from Alt2, the gNB would infer both options. 
From the above analysis, if the same scheduling flexibility as Alt2 is wanted to be achieved by Alt1, it may need more overhead. If not all the beam grouping options of Alt1 are reported, the gNB cannot decide the best beam-pairing for MU-MIMO transmission. For example, if only Alt1-a is reported, the gNB would know that Tx beam 4 and Tx beam 9 can be transmitted simultaneously to obtain multi-beam spatial multiplexing. Also, Tx beam 9 is the preferred Tx beam of UE2. Therefore, it would cause large multi-user interference if UE1 and UE2 are paired for MU-MIMO transmission. However, if Alt2 is adopted for beam reporting, gNB would infer that {Tx beam 4, Tx beam 2} can be assigned to UE1 and {Tx beam 6, Tx beam 11} can be assigned to UE2 for MU-MIMO transmission to avoid interference.
· Beam reporting latency 
For Alt1, UE can flexibly decide the Rx beam sets, but the sets are usually decided when all the beams have been measured. If the number of UE Rx beams is large, the beam reporting latency of Alt1 will be high. For Alt2, the beam grouping is naturally done according to the number of panels or sub-arrays. When UE has measured N (N is the max number of reported Tx beams per group) preferred Tx beams received by panel 1, it can sweep Rx beams of other panels, and the UE can trigger aperiodic beam reporting when the N preferred Tx beams of all the groups have been found. Hence, the beam reporting latency of Alt2 can be shorter than Alt1. 
In some cases, e.g., relatively high mobility scenarios, the periodicity of beam reporting should be short, so Alt2 scheme is more appropriate in these cases. Besides, to reduce the overhead of frequent beam reporting, the beam quality (e.g., RSRP) is not always necessary in each reporting. UE could report the Tx beam id and the corresponding Rx beam group id to the gNB, and the RSRP can be reported with a longer periodicity or when the beam pair link quality is below a predefined threshold.
· Capability against beam failure
The blockage caused by moving humans or vehicles, UE movement, or UE rotation might result in different levels of beam misalignment between TRP and UE. To avoid beam failure, the gNB and/or UE should select the candidate beam pairs according to beam reporting. If the blockage is caused by UE movement, the beam pairs with high correlation should be used as the candidate beam pairs, and if the blockage is caused by moving humans or vehicles, the beam pairs with low correlation should be considered. 
In Alt1, the Rx beams in the same set are from different panels, so the correlations among the Rx beams in the same set are usually low, but the correlations among the Rx beams in different sets are not known. In Alt2, the Rx beams in the same set are highly correlated since they are from the same panel, and the correlations among Rx beams in different sets are relatively low. Therefore, Alt2 can provide more information of the correlations among the Rx beams to gNB, which is beneficial in deciding the candidate beam pairs when blockage is occurred.   
· Prior information at the gNB
During the random access stage, each UE would send msg2 to the gNB, which would help the gNB to know that a coarse coverage of each Tx beam (to the UEs) and a coarse correspondence between the gNB’s Tx beams and the UEs. This information could be taken as the prior information (at the gNB).
When using Alt1 (+C1), the feedback information may be already covered in the prior information (at the gNB), i.e., the gNB already knows some beam pair links could be received simultaneously at the UE (from the coarse correspondence between the gNB’s Tx beams and the UEs in the RA stage). While, on the other hand, the information reported by Alt2 (+C2) is totally unknown at the gNB, i.e., these information (reported by Alt2 (+C2)) could be taken as the complementary information of the prior information at the gNB. Hence, it will be more efficient for the gNB to find a better beam pair link.
· Link quality
Generally speaking, considering some indoor real-time applications (e.g., video streaming, online gaming, safety services), it may provide a relative long-term flat/steady channel for the users. To support a consistent and high quality of experience, Alt1 (+C1) would scan all the possible beam pair links and provide an explicit inference for the gNBs to helps them choose the best link for the users. In this circumstance, the sum-rate performance of Alt1 (+C1) would be better than that of Alt2 (+C2). Yet, at this time, the implicit beam pair reporting of Alt2 (+C2) just help the gNB to find the available beam pair links not necessary the best ones.
Yet, to find such kind of best beam pair links depends highly on the full angular scanning (both at the gNB side and at the UE side) period to guarantee different kinds of scenarios. Hence, Alt2 (+C2) seem to be a high quality and robust scheme for different kinds of scenarios (e.g., fast scenarios, vehicular environments, and etc).
Based on above discussion, we have the following proposal:
Proposal 1:  Alt 2 based beam reporting principle is slight preferred in terms of scheduling flexibility, latency, and the capability against beam failure.
Proposal 2: The reporting periodicity for Tx beam id and beam pair RSRP can be different, where a longer periodicity can be used to report the RSRP.
3 Discussion on UE capability due to beam management

Based on the above technical discussions, it is preferred to at least support A2+C2. If anyhow RAN1 decides to support both alternatives: A1(+C1) and A2(+C2), discussion on UE capability would be needed. From UE economic scale point of view, number of UE options should be minimized. The beam management, which is only software difference, shall not cause the result of splitting the UE industry. Therefore, it is highly desired to introduce single UE capability for beam management, even if both alternatives are introduced, which is also friendly to gNB scheduler implementation.

It was argued in the last meeting that Alt.1 is friendly to single panel UE, and Alt. 2 is friendly to two/multi-panel UE, therefore they could correspond to different UE capability. However, in such case, the capability shall correspond to single or multi panel, instead of Alt. 1 or 2 of beam management. The difference of single/multi panel UE may be associated with many aspects of the specification, such as SRS transmission, multiple PDCCH reception etc, therefore the capability should not be associated with just DL beam management. For UE capability signalling, it would be much simpler to just indicate that the UE is single or multi panel, instead of implicitly stating the UE supports BM Alt. 1 or Alt. 2, since anyway it is hard to say if Alt. 1 supports multiple panels.
Proposal 3: Introduce single UE capability regardless either one or both of the alternatives are supported.
4 Conclusions

The proposal are as follows:
Proposal 1: Alt 2 based beam reporting principle is slight preferred in terms of scheduling flexibility, latency, and the capability against beam failure.     
Proposal 2: The reporting periodicity for Tx beam id and beam pair RSRP can be different, where a longer periodicity can be used to report the RSRP.
Proposal 3: Introduce single UE capability regardless either one or both of the alternatives are supported.
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