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Introduction
At the RAN1#88bis meeting, several aspects related to beam management framework were discussed.
For beam management framework, the following was agreed [1].
	Agreements:
· RAN 1 should support common configuration framework for beam management and CSI acquisition
· Aspects specifically related to beam management into the merged framework to be incorporated
· Note: maximum number of simultaneously triggered report settings and the maximum number of links corresponding to those triggered settings can be different for reporting types (e.g. beam reporting, CSI reporting)


For the RS resource for beam management, the following was agreed.
	Agreements:
· For UE RRC connected mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options in addition to UE-specifically configured CSI-RS. Down selection from following options will be conducted in the next meeting.
· Opt. 1: SS blocks
· Opt. 2: Cell-specifically configured CSI-RS
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)
· Opt. 3: No additional option


For beam reporting, the following was agreed.
	Agreements:
· For beam reporting, companies are encouraged to perform detailed analysis w.r.t. comparing Alt 1 and Alt 2, particularly considering the overhead (feedback overhead, signaling overhead, etc.), performance, flexibility in operation, etc.
· Aim to down-select one of the two alternative s with the possibility of merging into a single alternative (if so, the corresponding analysis) at next meeting
· Each company to state the assumed UE implementation in the analysis


And for beam indication, the following was agreed.
	Agreements:
· Aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving
· FFS details (e.g., tag-based where the tag refers to previous CSI-RS resources, BPL-based, referring to previous measurement reports, indication one resource (set) out of multiple resource (set)s configured by RRC, CSI-RS resource/port index based, etc.)


In this contribution, we further discuss the remaining issues with respect to the above topics.
Beam Management Framework
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 and reporting procedure using the concept of reousrce setting, measurement setting and repor settings. 
One discussion point is the resource setting for beam related measurement. It was agreed that UE-specific CSI-RS is used for beam management. According to the agreements in RAN1#88bis, three reference signal options are going to be down selected at least for providing additional RS resources for P1 procedure. Table I shows the Pros/Cons of the three options.
Table I: Pros/Cons comparison of Option1/2/3
	
	Pros
	Cons

	Option 1: Additional SS for P1
	· Reporting of SS-block can help for beam selection/update
· UE anyway measures the SS-block periodically 
· No need of configuration signaling of the RS resource
	· Additional report overhead for periodic report

	Option 2: Cell specifically configured CSI-RS
	· Periodic measurement is feasible

	· Large RS overhead (always-on)


	Option 3: No additional option
	· Flexible control of overhead and complexity

	· The configuration of CSI-RS must be coordinated between cells
· Large signalling overhead


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. Another advantage of SS-block based measurement is that there is no need to configure the resources for measurement, while the configuration of CSI-RS will cause some signalling overhead and the coordination between cells may cause big burden for network operation. 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. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1 	Support SS-block-based RSRP report for P1 procedure. FFS the report conditions.
Beam Reporting
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 addition to that, the grouping information can also help to design/choose appropriate beam multiplexing/diversity schemes for transmission. In the following, we discuss the group based beam reporting mechanisms for these two purposes separately.
Beam grouping for indicating multi-beam TX/RX feasibility
The working assumption of two alternatives have been confirmed for beam grouping based beam reporting as following [3]. 
	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_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
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 1:	Neither Alt. 1 nor Alt. 2 can clearly indicate the feasibility whether UE can receive Tx beams simultaneously.
Based on the above analysis and observations, it seems reasonable to support multiple types of beam grouping schemes for different scenarios and use cases.
Proposal 2: Different beam grouping types should be supported considering the UE capability and the flexibility of multi-beam transmission/reception.
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.
Proposal 3: Support multi-stage group based beam reporting (to achieve definite multi-beam simultaneous TX/RX feasibility information).
Beam grouping for transmission mode selection
It is expected that MIMO are used to achieve better system performance in NR. The idea is that if the propagation channels between each pair of transmit and receive antennas is statistically independent and identically distributed, then multiple independent channels with identical characteristics can be created by precoding/beamforming. On the other hand, if the channel propagation condition is much concentrated, then focusing transmission power in specific beam directions may improve the coverage. As massive MIMO technology is used in NR, probably with hybrid beamforming architecture, one shall also consider how to exploit the channel correlation features for both analog beamforming and digital beamforming. 
The beam correlation can be understood as Tx beam correlation or Rx beam correlation or Tx-Rx beam pair link correlation. It is very important to understand relationship/correlation between beams as shown in the following examples.
For example, considering UE mobility for precoding system, it is important that the beams are smoothly switched without coverage hole, i.e., beam tracking. In this case, it is very important that we select multiple neighboring (correlated) beams as backup. On the other hand, as shown in Fig. 2, in order to avoid link failure by blockage, it is important that separated (uncorrelated) beams are to be selected as backup. As another example, uncorrelated beams are also used for multiple rank transmission.
These different mechanisms should be efficiently distinguished depending on the use cases.
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Figure 2 beam combining for high-correlated beams
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Figure 3 beam switching for low-correlated beams
In the currently agreed two alternatives for group based beam reporting scheme, the correlation information is not clear for both.
For Alt. 1, UE reports information about TRP Tx Beam(s) per UE Rx beam basis. Alt. 1 indicates that different Tx beams in the same group can be received simultaneously. As the grouping method is Rx beam set based, the reporting overhead is highly depended on the number of Rx beam sets.
For Alt. 2, UE reports information about TRP Tx Beam(s) per UE antenna group basis. As UE side is equipped with multiple panels at high frequency band. UE is capable of reception and measurement on multiple BPLs corresponding to different panels simultaneously.
[image: ]
Figure 4 UE antenna group/panel based beam reporting
For both Alt. 1 and Alt. 2, the grouping is UE basis and the result is that N Tx beams are selected with every Nl Tx beams as one group. For Alt. 1, all the Tx beams in the same group are using the same Rx beam set, one possible implementation is to restrict that beams within a group have high correlations. However, there are uncertainties on correlations for different groups. For Alt. 2, as the antennas in different panels are more likely to face towards different direction, beams from different groups seem to have low correlation. However, there are uncertainties on correlations for beams within group. 
Based on this discussion, we find that the group information cannot sufficiently support the correlation information reporting, no matter UE antenna group based or Rx beam set based beam grouping schemes is adopted.
Proposal 4: Beam correlation information should be included in beam reporting.
Proposal 5: Correlation flag information, e.g., “1” for high correlation, “0” for low correlation should be reported to the gNB.
Beam Indication
[bookmark: OLE_LINK4]For communication at high frequency band, hybrid beamforming and multi-beam system are considered to overcome the high path loss between TRP and UE. The robustness of PDCCH transmission is a big challenge for NR study. Multiple BPLs are maintained to support robustness against beam pair link blocking. Beam indication should be used at least for beam management procedure as UE may report multiple UE Rx beams to the TRP, the TRP needs to indicate which UE Rx beam to use for DMRS and control/data reception and this kind of information corresponds to a spatial QCL assumption between DL RS antenna ports used for beam measurement and DM-RS ports. And a subset of beams should be maintained during the beam management procedure based on UE measurement. Beam indication can provide information to reduce the beam number for sweeping and help UE to select Rx beam(s).
Beam Indication for PDCCH Demodulation
For the DL control channel reception, signaling method would be different depending on the purpose or the contents of DCI. 
If NR-PDCCH is intended for TRP-specific, or UE-group specific usage cases such as system information scheduling, RAR, and paging, beam indication would be performed by broadcast information. In this case, DL RS used for spatial QCL assumption would include some options such as SS-block and CSI-RS. As SS block is used for beam selection during the initial access. Implicit association between gNB Tx beam and UE Rx beam for common PDCCH and SS beams should be considered, for example, the same Rx beam used during the initial access can be reused for common PDCCH reception. In another word, the reception of common PDCCH information does not rely on UE-specific beam management procedure.
If UE-specific search space is intended, UE-specific higher layer signaling such as RRC and MAC layer signaling are available. In this case, it is possible for the UE to exploit the UE-specific beam management to refine the UE-specific PDCCH transmission/reception procedure. For that purpose, one can consider to associate the PDCCH demodulation RS with the CSI-RS used for UE-specific beam management.
To save the signaling overhead for beam indication, implicit method can be considered. One of the motivation of beam indication is Tx/Rx beam alignment, if the gNB and UE can change the beam in an agreed order simultaneously based on the previous knowledge of BPLs, the signaling overhead can be reduced. As Figure 5 shows that the transmission order of Tx beam is same with the feedback order which is known to UE. And UE can adjust the Rx beam based on the knowledge of feedback order to align with the Tx beam.
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Figure 5 Implicit beam indication method
Proposal 6: No explicit beam indication for receiving common PDCCH.
Proposal 7: For beam indication for UE-specific PDCCH, use spatial QCL between CSI-RS for beam management and demodulation RS for UE specific PDCCH. FFS detailed signalling design.
Proposal 8: Study implicit method of beam indication for PDCCH demodulation, e.g., same order with beam reporting.
Beam Indication for PDSCH Demodulation
For NR-PDSCH reception, the DCI can be used to indicate the spatial QCL relationship between CSI-RS and DMRS for data reception. Fig. 6 shows the simplified procedure of beam indication for PDSCH reception. UE measures on RS for beam management/CSI acquisition and reports the preferred beams/CRIs. Then the gNB selects M beams for PDSCH transmission based on the UE report. DCI can be used to indicate the spatial QCL assumption to assist UE side beamforming. Then UE set Rx beam for PDSCH reception based on the QCL information.
As we know, multiple mechanisms e.g., multiple BPLs transmission have been studied for the robustness of PDCCH transmission. However, the robustness of PDSCH is also very important, especially in bad channel environment such as fast changing channel or dynamic blocking environment. In that case, a fallback unicast PDSCH transmission schemes is needed. And explicit/implicit beam indication should be supported for receiving fallback unicast PDSCH.
Proposal 9:For beam indication for unicast PDSCH, use spatial QCL between CSI-RS for beam management and DMRS for unicast PDSCH demodulation
Proposal 10: Support a fallback unicast PDSCH transmission scheme.
Proposal 11: Support explicit/implicit beam indication for receiving fallback unicast PDSCH.
[image: ]
Figure 6 Beam indication for PDSCH reception 
Beam Indication for Beam Management
As a subset of beams would be maintained during the beam management procedure based on UE measurement. Beam indication can provide information to reduce the beam number for sweeping and help UE to select Rx beam(s). And part or all the beams in the subset may change because of UE movement, rotation and blockage. For example, supposing that all 128 beams from beam #1 to beam #128 are for beam sweeping and UE needs to maintain a beam subset which including 4 beams. In beam sweeping time 0, UE select beam #1,4,7,15 from total 128 beams and report the information to gNB. Then gNB can indicate UE that only beam #1 to beam #16 need to be swept for the next time. CSI resource index/BPL index can be used for the purpose of beam switching and beam tracking.
	b#1~4
	b#9~12
	b#33~36
	b#41~44
	…
	…
	…
	…

	b#5~8
	b#13~16
	b#37~40
	b#45~48
	…
	…
	…
	…

	b#17~20
	b#25~28
	…
	…
	…
	…
	…
	…

	b#21~24
	b#29~32
	…
	…
	…
	…
	b#121~124
	b#125~128


Figure 7 Beam indication for beam management
Proposal 12: Use spatial QCL between CSI-RS for beam management. FFS details of the indicating mechanism.
Summary
In this contribution, we discuss the details of beam management. Based on the discussion, we have the following observations and proposals.
Observation 1:	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 P1 procedure. FFS the report conditions.
Proposal 2: Different beam grouping types should be supported considering the UE capability and the flexibility of multi-beam transmission/reception.
Proposal 3: Support multi-stage group based beam reporting (to achieve definite multi-beam simultaneous TX/RX feasibility information).
Proposal 4: Beam correlation information should be included in beam reporting.
Proposal 5: Correlation flag information, e.g., “1” for high correlation, “0” for low correlation should be reported to the gNB.
Proposal 6: No explicit beam indication for receiving common PDCCH.
Proposal 7: For beam indication for UE-specific PDCCH, use spatial QCL between CSI-RS for beam management and demodulation RS for UE specific PDCCH. FFS detailed signalling design.
Proposal 8: Study implicit method of beam indication for PDCCH demodulation, e.g., same order with beam reporting.
Proposal 9:For beam indication for unicast PDSCH, use spatial QCL between CSI-RS for beam management and DMRS for unicast PDSCH demodulation
Proposal 10: Support a fallback unicast PDSCH transmission scheme.
Proposal 11: Support explicit/implicit beam indication for receiving fallback unicast PDSCH.
Proposal 12: Use spatial QCL between CSI-RS for beam management. FFS details of the indicating mechanism.
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