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Introduction
At the RAN1#89 meeting, several aspects related to beam management framework were discussed.
For RS design for beam management, the following was agreed [1].
	Agreements:
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17]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 other QCL parameters not precluded 
· FFS: indication either explicit or implicit or  configurable or a default
· Note: default assumption may be no QCL
· Cell-specifically configured CSI-RS is not supported for beam management
Conclusion:
· FFS SS-block in addition to CSI-RS is at least supported for P-1 in beam management 
· FFS with or without L1-RSRP reporting
· NR supports CSI-RS configuration to support Tx and/or Rx beam sweeping for beam management conveying at least the following information
· Information related to CSI-RS resource configuration
· E.g., CSI-RS RE pattern, number of CSI-RS antenna ports, CSI-RS periodicity (if applicable) etc.
· Information related to number of CSI-RS resources 
· Information related to number of time-domain repetitions (if any) associated with each CSI-RS resource
· FFS: details of time-domain repetitions, e.g., signaling for time-domain repetitions may not be explicit
· FFS signaling details, e.g., explicit indication vs implicit indication
· Note this does not imply particular option (IFDMA or subcarrier scaling or DFT based) for sub time unit partition 
· FFS: whether different sub-time units have same or different ports


For beam reporting, the following was agreed [1].
	Agreements:
· 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.


For beam indication, the following was agreed [1].
	Agreements:
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameter


In this contribution, we further discuss the remaining issues with respect to the above topics.
SS Block for Beam Management
[bookmark: OLE_LINK7]One discussion point is whether use SS block for P1 beam management. 
SS-block is transmitted periodically for purpose of initial access, and after the initial access, gNB and UE are aligned on DL and ULTX/RX beams based on the beams for SS-block and PRACH transmission/reception. As spatial QCL is assumed between CSI-RS resource(s) and SS-block of a cell for beam management. Beam management is considered to refine the beams based on the beams identified from initial access.
However, there are multiple SS-block in one cell and each SS-block corresponding to one rough beam which cover a specific area. In case the UE will move within the cell, the UE may want to change to other beams associated to other SS-blocks. If a UE constantly report the measurement on multiple SS-blocks, the gNB can obtained the information to change the rough beam. Both L1-RSRP measurement and L3-RSRP measurement can be considered for that purpose. As L3-RSRP is a relatively long-term averaging result based on multiple  measurements for L3-mobility. The procedure is complicated and the measurement result may not represent the instantaneous channel state. In this sense, it can be beneficial to use SS-block-based L1-RSRP measurement for SS-block associated beam changing. 
To support SS-block-based RSRP report for beam management, UE needs to report the measurement results based on specific configuration, e.g., the periodicity of reporting. While TRP needs to inform UE the new spatial QCL assumption between SS-block and CSI-RS if better SS-block associated beam is detected based on the L1-RSRP report.
Observation 1 The antenna port of SS block spatial QCL-ed with CSI-RS port can be changed 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, FFS details.
CSI framework for beam management and CSI acquisition
For CSI-RS for beam management, it was agreed that NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology [2]. However, if the sub-time unit CSI-RS also adopted by CSI-RS design for CSI acquisition, as the CSI-RS density in frequency will be reduced by using IFDMA, the impact on CSI acquisition accuracy need to be evaluated. Another concern is that the UE complexity will be improved as UE need to calculate CSI within a shorter time unit, especially when the CSI-RS ports number is large. 
From unified CSI acquisition and beam management framework perspective, it is better to discuss the beam management related CSI-RS resource design using the concept of resource setting. Here we list three CSI framework options from the perspective of whether sub-time unit CSI-RS is adopted for CSI-RS resource setting.
· Scheme 1: normal time unit CSI-RS for both beam management and CSI acquisition
In this scheme, we have only one CSI-RS resource setting and two types of reporting for beam management and CSI acquisition separately. Both CSI-RS resource setting for beam management and CSI acquisition are normal time unit CSI-RS. For beam management, the report should include at least CRI and the corresponding RSRP(s). For CSI acquisition, the report shall be similar with conventional CSI report in LTE which includes CQI, PMI, RI at least.
The advantage of this scheme is that the UE complexity is reduced as both CSI-RS for beam management and CSI acquisition is normal time unit. However, the CSI-RS overhead will be too high and the latency for beam measurement is large. 
· Scheme 2: sub-time unit CSI-RS for both beam management and CSI acquisition
In this scheme, similar with scheme 1, we have only one CSI-RS resource setting and two types of reporting for beam management and CSI acquisition separately. Both CSI-RS resource setting for beam management and CSI acquisition are sub-time unit CSI-RS. For beam management, the report should include at least CRI and the corresponding RSRP(s). For CSI acquisition, the report shall be similar with conventional CSI report in LTE which includes CQI, PMI, RI at least.
The advantage of this scheme is that the CSI-RS overhead and beam measurement latency are reduced by using sub-time unit CSI-RS compared to scheme 1. However, it will be challenging for UE to estimate CSI based on sub-time unit CSI-RS and the accuracy of CSI may need to be further studied or evaluated. 
· Scheme 3: sub-time unit CSI-RS for beam management and normal time unit CSI-RS for CSI acquisition
In this scheme, two CSI-RS resource setting and two types of reporting are adopted for beam management and CSI acquisition separately. Sub-time unit CSI-RS resource setting is adopted for beam management, and normal time unit CSI-RS is adopted for CSI acquisition. For beam management, the CSI feedback should include at least CRI and the corresponding RSRP(s). For CSI acquisition, the report shall be similar with conventional CSI report in LTE which includes CQI, PMI, RI at least.
The advantage of this scheme is that the overhead and measurement latency is reduced for beam management by using sub-time unit CSI-RS. And the UE complexity is reduced for CSI acquisition by using normal time unit CSI-RS. However, as two different kinds of CSI-RS resource setting are adopted, CSI-RS resource sharing may not as flexible as scheme 1 and 2.
Observation 2 	The flexibility of using sub-time unit CSI-RS for CSI acquisition need to be evaluated.
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 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
[bookmark: OLE_LINK5]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. 
For A1, it states that different TRP TX beams reported for the same group can be received simultaneously at the UE which indicate that only the beams from the same group shall be scheduled for UE. However, there are possiblities that some beams from different groups can be received simultaneously at the UE for A1. For A2, it states that different TX beams reported for the different groups can be received simultaneously at the UE which indicate that only the beams from different groups shall be scheduled for UE. However, there are also possibilites that some beams from the same group can be received simultaneously at the UE. 
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 A1 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 A2 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 A2
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Based on the above analysis, it is observed that neither A1 nor A2 can clearly and fully indicate the feasibility whether UE can receive TX beams simultaneously or not.
[image: ][image: ]
Figure 1 Illustration of multi-beam TX/RX. 
Observation 3:	Neither A1 nor A2 can clearly indicate the feasibility whether UE can receive Tx beams simultaneously.
Based on the above analysis and observations, it is 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.
For instance, for A1, it will miss some possible combinations of beams from different groups at the gNB. Similarly for A2, some promising multi-beam combinations from the same group may be missed. Therefore, combination schemes such as C1, C2 was proposed in last meeting. For C1, only the beams which can not received simultaneously will be reported in different groups. By combining the grouing results of A1, gNB can figure out whehter the beams from differnet groups can be transmissted simultaneously. For C2, only the beams can not received simultanesouly will be reported in the same group. By combining the grouing results of A2, gNB can figure out whehter the beams from same group can be transmissted simultaneously.
In that sense, a multi-stage feedback scheme by using A1 and C1 or A2 and C2 should be supported. 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 A1 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 group reporting based on C1 for TB23 and TB12. Then the UE can further report group 1 including TB 11, group 2 including TB 12. 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 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.
[image: ]
Figure 2 beam combining for high-correlated beams
[image: ]
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 A1, UE reports information about TRP Tx Beam(s) per UE Rx beam basis. A1 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 A2, 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 A1 and A2, the grouping is UE basis and the result is that N Tx beams are selected with every Nl Tx beams as one group. For A1, 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 A2, 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.
[bookmark: OLE_LINK15]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.
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. 
For common PDCCH such as scheduling of system information, paging, at least beam sweeping can be used as a baseline solution. In other cases, DL RS such as SS-block and CSI-RS can be used for spatial QCL assumption with DMRS for common PDCCH demodulation. 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.
For UE-specific PDCCH, it has been agreed that the configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signaling. 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.
As it was agreed that UE can be configured to monitor PDCCH on multiple beam pair links (BPL) simultaneously or on different BPLs in different OFDM symbols. From UE perspective, it will monitor multiple PDCCH candidates in one or multiple control resource sets by using same or different Rx beam(s). If UE is with high capabitlity who can moniter specific PDCCH candidate on multiple BPL simultaneously, the mapping of PDCCH candidates with the BPLs can be transparent to UE, as UE may blind decoding the PDCCH candidates simultaneously. However, if the UE is with low capability who can not monitor specific PDCCH candidate on multiple BPLs simultaneously, UE need to know not only the BPLs but also the mapping of PDCCH candidates with the BPLs to adapting the Rx beams for correct reception. And this kind of mapping can be explicitly or implicitly indicated to UE.
Proposal 6: No UE-specific beam management needed for receiving common PDCCH.
Proposal 7: For beam indication for UE-specific PDCCH, QCL should between DMRS for PDCCH demulation and UE-specific CSI-RS for beam management
Proposal 8: Support explicit/implicit indication of the mapping of PDCCH candidates with the multiple BPLs 
[bookmark: _GoBack]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 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. One possible implicit beam indication method for receiving fallback unicast PDSCH is to use control channel beam(s) as fall back beam of data channel. For single beam based PDCCH transmission, UE shall assume that the beam used for PDCCH transmission will be used for fallback PDSCH transmission. For multi-beam based PDCCH transmission, UE shall assume that beam sweeping, e.g., in a default order will be used for fallback PDSCH transmission
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: Using control channel beam(s) as fallback for data channel beam.
[image: ]
Figure 5 Beam indication for PDSCH reception 
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 changed based on the SS-Block based RSRP report.
Observation 2 	The flexibility of using sub-time unit CSI-RS for CSI acquisition need to be evaluated.
Observation 3:	Neither A1 nor A2 can clearly indicate the feasibility whether UE can receive Tx beams simultaneously.
Proposal 1 Support SS-block-based RSRP report for beam management, FFS details.
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 UE-specific beam management needed for receiving common PDCCH.
Proposal 7: For beam indication for UE-specific PDCCH, QCL should between DMRS for PDCCH demulation and UE-specific CSI-RS for beam management
Proposal 8: Support explicit/implicit indication of the mapping of PDCCH candidates with the multiple BPLs 
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: Using control channel beam(s) as fallback for data channel beam.
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