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Introduction
For beam measurement and reporting, the following was agreed in [1].
	Agreements:
· 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
· For beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported in Rel-15 
Conclusion:
· No consensus at this meeting to support L1-RSRP reporting of measurements on SS block for beam management procedures in Rel-15


RS design for Beam Measurement
SS block for beam management
[bookmark: OLE_LINK7]It was agreed that UE-specific CSI-RS is used for beam management. Per the agreements in RAN1#89, NR support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell.
The purpose of P1 is to enable UE measurements on different gNB Tx beams to support selection of gNB Tx beams and UE Rx beams according to TR [2]. For initial access, SS-block is used for beam selection and UE shall measure all possible SS-blocks periodically. The Tx/Rx beam alignment information during the initial access can be used for following Tx/Rx beam selection. If the SS-block based RSRP report is supported, the rough beam as the beam used for SS block transmission can be monitored, the antenna port of SS block spatial QCLed with CSI-RS port can be dynamically changed based on the SS-Block based RSRP report. However, the SS-block based RSRP report will introduce feedback overhead which is inevitable. It can be further discussed the application cases of SS-block based beam reporting, i.e., shall UE be mandated to make regular reporting or not. From the discussion above, we propose that SS-block based RSRP report should be supported for P1 procedure. And for beam recovery, SS-block can be used for candidate beam identification.
[bookmark: OLE_LINK4]Observation 1	The antenna port of SS block spatial QCL-ed with CSI-RS port can be dynamically changed based on the SS-Block based RSRP report.
Observation 2	SS block can be used for candidate beam identification for beam recovery based on the SS-block based RSRP report.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK8]Proposal 1 	Support SS-block-based RSRP report for beam management 
Multiple RS setting for beam management
It was agreed to support common configuration framework for beam management and CSI acquisition. In that sense, it is better to discuss the beam management related measurement procedure using the concept of reousrce setting and measurement setting. For example, the RS configuration for beam management configured for measurement can be dynamiclly activated/decativated by MAC CE or DCI signaling. For beam indication, the overhead of beam indication would be very large especially when the RS antenna port number for beam management is large as TRP need to indicate UE which RS antenna port from many beam management RS antenna port candidates. In that sense, a key point for reducing the overhead of beam indication is to reduce the candidate RS antenna ports number for spatial QCL assumption. By using the multiple RS setting, the overhead of beam indication can be reduced as TRP just need to indicate from the subset of QCL assumption candidate.
Proposal 2 	Support common RS setting configuration framework for beam management and CSI acquisition.
Beam Reporting
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Group based beam reporting was agreed in RAN1 for several purposes. One purpose is that, based on the grouping information, the gNB and the UE can achieve an aligned understanding whether multiple TX/RX beams can be applied simultaneously or not. In the following, we discuss the group based beam reporting mechanisms from the perspective of indicating multi-beam TX/RX feasibility.
The working assumption of two alternatives have been confirmed for beam grouping based beam reporting as following [2]. 
	Agreements:
· Confirm the working assumption on group based beam reporting made in RAN1 Jan. NR Adhoc Meeting, with the following update:
· Further discussion for possible down-selection or merging, especially taking into account overhead
Working assupmtions:
· Support at least one of these two alternatives of beam reporting:
· Alt 1:
· UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s).  
· where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal
· Note: It is UE implementation issues on how to construct the Rx beam set.  
· One example: each of Rx beam in a UE Rx beam set corresponds to a selected Rx beam in each panel.
· For UEs with more than one UE Rx beam sets, the UE can report TRP Tx Beam(s) and an identifier of the associated UE Rx beam set per reported TX beam
· NOTE: Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.
· NOTE: Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
· Alt 2:
· UE reports information about TRP Tx Beam(s) per UE antenna group basis
· where UE antenna group refers to receive UE antenna panel or subarray 
· For UEs with more than one UE antenna group, the UE can report TRP Tx Beam(s) and an identifier of the associated UE antenna group per reported TX beam
· NOTE: Different TX beams reported for different antenna groups can be received simultaneously at the UE.
· NOTE: Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE
· FFS: How UE antenna group or Rx beam set is captured in the specification


[bookmark: OLE_LINK11][bookmark: OLE_LINK5]The description on whether the beams can be received simultaneously in the confirmed working assumption is vague. For Alt. 1, it states that different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE. However, there could be possibility that different TRP TX beams reported for different UE Rx beam can be possibly received simultaneously at the UE. For Alt. 2, it states that different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE. However, there could be possibility that different TX beams reported for the same UE antenna group can be received simultaneously at the UE. The statement of Alt. 1 and Alt. 2 to be refined so that the corresponding gNB and UE behavior is definite. In the following, we further discuss the possible ways to refine the alternative schemes.
The general principle for transmission of multiple TX beams is that beams from different TRP/Panel/TXRU can be transmitted simultaneously, while beams from same TXRU cannot be transmitted simultaneously. The general principle for using multiple RX beams for reception is that beams from different Panel/TXRU can be received simultaneously, while beams from same TXRU cannot be received simultaneously. 
One example is illustrated in Figure 4. In this example, we assume the following TX/RX beam paring results for multi-panel UE, i.e., {TB 11, RB a1}, {TB 12, RB a2}, {TB 23, RB b1}, {TB 24, RB b1}. In this example, TB 11 and TB 12 cannot be used for transmission simultaneously because they will be received with different beams, i.e., RB a1 and RB a2 which shall be generated from the same RXU.; TB 23 and TB 24 can be used for transmission simultaneously because they can be received by a single beam; TB11 and TB23 can be used for transmission simultaneously because they can be received by multiple beams from different panels, i.e., panel a and panel b.
Supposing [a1, b1] belong to beam set 1, [a2, b2] belong to beam set 2, [a1, a2] belong to panel a, [b1, b2] belong to panel b. 
If Alt. 1 reporting method is adopted, UE report group 1 including TB 11, TB 23, TB 24; group 2 including TB 12, according to the grouping principle that different TRP TX beams reported for the same Rx beam set can be received simultaneously at the UE. Based on this reporting, the gNB may have different understandings of the reported information. One possible interpretation is that different TRP TX beams reported for different UE Rx beam cannot be possibly received simultaneously. However, in this example, TB 12 and TB 23/24 can be received simultaneously, but not reported by the UE. And the gNB will not be possible to utilize TB 12 and TB 23/24 simultaneously. If the UE is mandated to report all possible groups that contains beam combinations that could be used simultaneously, then it will incur very large feedback overhead. For instance, for the given example, the UE shall report: group 1 including TB 11, TB 23, TB 24; group 2 including TB 12 and group 3 including TB 11, TB 23, TB 24.
If Alt. 2 reporting method is adopted, UE report group 1 including TB 11, TB 12, group 2 including TB 23, TB 24, according to the grouping principle that different TX beams reported for different antenna groups can be received simultaneously at the UE. Based on this reporting, the gNB may have different understandings of the reported information. One possible interpretation is that different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE. However, in this example, TB 23/24 can be received by the same beam from the same antenna group. It seems not feasible to mandate the UE to report all possible groups that contains beam combinations that could be used simultaneously in Alt. 2
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Based on the above analysis, it is observed that neither Alt. 1 nor Alt. 2 can clearly and fully indicate the feasibility whether UE can receive TX beams simultaneously or not.
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Figure 1 Illustration of multi-beam TX/RX. 
Observation 3:	Neither Alt. 1 nor Alt. 2 can clearly indicate the feasibility whether UE can receive Tx beams simultaneously.
For NR, it is assumed that UE side have multiple antenna element (AE), multiple panels and TXRU-to-AE mapping configurations. Supposing that each UE has two panels and a single TXRU is mapped per panel per polarization, UE has more than one TXRU inter/intra panel which indicate that more than one Rx beam can be used simultaneously. This can be considered as kind of UE capability. As we mentioned above, one purpose of beam grouping is that, based on the grouping information, the gNB and the UE can achieve an aligned understanding whether multiple TX/RX beams can be applied simultaneously or not. However, when the Tx beam number is smaller than the number of Rx beam formed in the UE side in specific time, it is not necessary to worry about whether multiple TX/RX beam can be applied simultaneously or not. Based on the discussion above, different beam grouping types should be supported considering the UE capacity which will impact the Tx beam scheduling flexibility of multi-beam transmission/reception, and UE capability report should be supported.
Proposal 3: Different beam grouping types should be supported considering the UE capability and the beam scheduling flexibility of multi-beam transmission/reception.
Proposal 4: Support UE capability report, e.g. the number of Rx beams can be formed simultaneously for each panel.
As discussed before, the current description of the Alt. 1 and Alt. 2 schemes are still ambiguous. For instance, for Alt. 1, different TRP TX beams reported for different UE Rx beam set MAY or MAY NOT be possible to be received simultaneously at the UE. For Alt. 2, different TX beams reported for the same UE antenna group MAY or MAY NOT be possible to be received simultaneously at the UE. It is desired to have a more definite statements in the specification. One possible way is to define for Alt. 1 that different TRP TX beams reported for different UE Rx beam CANNOT be possibly received simultaneously. However, as discussed before, this will either mandate the UE to report a large number of combinations; or miss some possible combinations at the gNB. Similarly for Alt. 2 if we define that different TX beams reported for the same UE antenna group CANNOT be possible to be received simultaneously, some promising multi-beam combinations may be missed.
To resolve this problem in a more economical way, one can consider a multi-stage feedback scheme. In a first stage, the UE can report beam grouping which allow certain ambiguity. Then for specific beams, i.e., beams identified by the gNB to be promising, the gNB can acquire more detailed grouping information to eventually achieve definite information on the multi-beam simultaneous TX/RX feasibility. Taking the example in Figure 1, using Alt. 1 in a first reporting instance, the UE reports group 1 including TB 11, TB 23, TB 24; group 2 including TB 12. Once the gNB identifies that TB23 and TB12 may be promising for the UE, the gNB may further acquire the beam reporting specifically for TB23 and TB12. Then the UE can further report TB23 and TB12 with different groups using Alt. 2. Then based on that information, the gNB is clear that TB12 and TB23 can be used simultaneously.
To summarize the above discussion, we propose a multi-stage beam reporting scheme wherein the first reporting may allow some ambiguity in understanding the multi-beam simultaneous TX/RX, whereas the second stage reporting, focused on selected TX beams, provide definite multi-beam simultaneous TX/RX feasibility information. Note that although the beam reporting is separated into multiple steps, the beam management RS transmission and beam measurement can be conducted all at once.
[bookmark: OLE_LINK14]Proposal 5: Support multi-stage group based beam reporting (to achieve definite multi-beam simultaneous TX/RX feasibility information).
Summary
In this contribution, we discuss the details of beam management. Based on the discussion, we have the following observations and proposals.
Observation 1	The antenna port of SS block spatial QCL-ed with CSI-RS port can be dynamically changed based on the SS-Block based RSRP report.
Observation 2	SS block can be used for candidate beam identification for beam recovery based on the SS-block based RSRP report.
Observation 3:	Neither Alt. 1 nor Alt. 2 can clearly indicate the feasibility whether UE can receive Tx beams simultaneously.

Proposal 1 	Support SS-block-based RSRP report for beam management 
Proposal 2 	Support common RS setting configuration framework for beam management and CSI acquisition.
Proposal 3: Different beam grouping types should be supported considering the UE capability and the beam scheduling flexibility of multi-beam transmission/reception.
Proposal 4: Support UE capability report, e.g. the number of Rx beams can be formed simultaneously for each panel.
Proposal 5: Support multi-stage group based beam reporting (to achieve definite multi-beam simultaneous TX/RX feasibility information).
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