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1 Introduction
For NR beam management procedure, it was agreed in the RAN1#86 meeting that [1], 
· Beam management procedures can utilize at least the following RS type(s):

· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS

· CSI-RS:

· CSI-RS is UE-specifically configured

· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition

· Other RS could also be considered for beam management such as DMRS and synchronization signals

· Group based beam management is to be further studied:

· Beam grouping = for TRP(s) or UE to group multiple Tx and/or Rx beam(s) and/or beam pair(s) into one subset of beams 

· FFS detailed mechanisms for beam grouping, reporting, beam-group based indication for beam measurement, beam-based transmission or beam switching, etc.

· FFS: When beam-related indication is provided, information pertaining to the Tx beam used for data transmission is indicated to UE 

· For downlink, based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams.  Note: N can be equal to 1.
· Study how the N Tx beams can be selected 

· Study the case where N comprises of all Tx beams

· Study UE reporting information

· Support at least network triggered aperiodic beam reporting:

· Aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations

· FFS beam reporting details

· FFS: UE assisted/initiated aperiodic beam reporting

· FFS: In case of UE assisted/initiated aperiodic beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel (e.g. physical random access channel, physical uplink control channel).

· Further study is needed whether semi-persistent/periodic/event-triggered beam (network triggered or UE assisted/initiated) reporting is needed

· Support using same or different beams on control channel and the corresponding data channel transmissions

-  FFS the antenna ports for control channel and the corresponding data channel (e.g., sharing some ports or not)

· Study detailed aspects related to beams/beam pairs indication/reporting involving usage of control and data channels and involving one or more TRPs

· NR supports mechanism(s) in the case of link failure and/or blockage for NR
· Whether to use new procedure is FFS

· Study at least the following aspects:

· Whether or not an DL or UL signal transmission for this mechanism is needed

·  If needed, resource allocation for this mechanisms
· E.g., RACH resource corresponding mechanism, etc.

This contribution discusses beam management aspects for DL MIMO including reference signal for beam management, beam group based scheme, beam reporting, beam management for different channels, e.g. control channel and data channel, procedure to overcome link failure/blockage.    

2 Discussion on DL beam management for NR
The DL beam management procedure including P-1, P-2 and P-3 had been agreed at RAN1 86bis meeting. In order to achieve DL beam management, the following technical points under P-1, P-2, and P-3 related operations need to be further studied. 
2.1 RS for beam management 

In last meeting, we have agreement that the main functionalities of CSI-RS include CSI acquisition and beam management. To flexibly support both beam management and CSI acquisition, a unified CSI-RS framework is proposed in [2] with a modularized pattern structure, in which same or different CSI-RS resources (e.g., density, bandwidth, time/frequency location) can be flexibly configured for beam management and CSI acquisition. The resource sharing between the CSI-RS resources configured for beam management and CSI acquisition should be studied. For example, a sharing resource pool is first semi-static configured with the two CSI-RS resources respectively related to beam management and CSI acquisition. Based on this resource pool, a dynamic indication of the resource allocation for beam management or the resource allocation for CSI acquisition is further used to achieve efficient sharing of all CSI-RS resources within the pool.  
In addition to the CSI-RS, the SS and DMRS also can be used for beam management. The detailed scheme of DMRS for beam management is discussed in our companion contribution [2]. For SS for beam management, one case is that when P1 is used for initial access, i.e., before the CSI-RS and DMRS configurations, the SS is beneficial to be used in the beam management.   
Proposal 1:  In addition to CSI-RS, SS and DMRS also can be used for beam management. 
Proposal 2: Study sharing CSI-RS resources between CSI acquisition and beam management in NR.

In LTE, CSI process is used for the management of CSI-RS resource configuration and CSI report. For CSI process of beamformed CSI-RS with K>1 (i.e., class B based CSI acquisition), resource index (es) and corresponding CSI within each selected resource are reported to eNB. In NR, a similar procedure as class B can be considered for DL beam management to select the preferred resource(s) and the corresponding beam management information (BMI, e.g., RSRP/CQI). It is convenient for the linkage of RS configurations and corresponding beam report. 
Based on various scenarios, different beam determination methods can be used. For the case with large number of beams, multi-stage determination method can be performed to speed up the beam sweep procedure. As discussed in our companion contribution [3], in this method, hybrid CSI process with two eMIMO types (i.e., Class A + Class B, or Class B with K>1 + Class B with K=1) can be referred as the starting point. Wherein, the first eMIMO type is used for coarse Tx beam determination and the second eMIMO type is used for fine beam adjustment. 

Based on the above discussions, we have the following proposal:  

Proposal 3: CSI-process with beamformed RS can be considered as starting point for beam management.
2.2 Beam group based beam management
With the increasing of antenna number especially for high frequency case, beam width used for data transmission becomes narrower. Beam group based transmission/report is beneficial to overcome the frequent link failure of narrower beam’s transmission incurring by UE’s movement. Another motivation for grouping the beams is to better illustrate the relationship, e.g. spatial correlation, between different beams, which is beneficial for MU-MIMO transmission.
A beam group is comprised of N (N>=1) Tx/Rx beam/beam pairs. To efficiently using beam grouping, grouping principles and the necessary signal exchange can be studied. Generally, beam grouping can be done by TRP or UE. Due to the fruitful reflection feature of HF channel, the grouping result based on different side (Transmitter side or receiver side) may be different, as illustrated in Figure.1. It is a straightforward concern to group the beams according to TRP side information, e.g., AoD, panel, etc. While such a method cannot efficiently describe the spatial information observed from UE side, e.g., AoA, which is useful for robust transmission and MU-MIMO. In order to better enable beam grouping, the pros and cons of the aforementioned two types of grouping principle should be studied. 
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Figure 1  An illustration of beam grouping
Proposal 4: Beam grouping principle should be studied in NR to improve the beam management.
In another case, gNB informs UE some beam group information including number of beams, which is beneficial for flexible beams group configuration. Then, UE report the beam information based on the beam group measurement, where the information including beam group index or optimal beam index in this group. And following data will be sequentially transmitted based on these beams in this beam group. And this will benefit the robust transmission in NR. 

In LTE, the minimum report granularity of precoding information is a precoding matrix which corresponds to one beam. While for NR, the minimum report granularity of precoding information is one precoding matrix group which corresponds to N (N>=1) beam as shown in figure 1. The reported beam group size N is configured by gNB. 
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Figure 2.  An illustration of PMI grouping
Proposal 5: Beam group based transmission should be studied, which include
· Beam group information indication, e.g., number of beams in one beam group;

· Beam group information reporting, e.g., beam group index, optimal beam index;

2.3 Beam reporting

Based on the SU assumption, the content of BMI can include the resource index(es) associated with beam information, RSRP to determine the resource index(es) and corresponding channel quality information for each preferred resource, e.g., RI  and CQI etc. Besides of BMI report for SU assumption, the BMI report considering of MU assumption should also be considered. In MU scenario, one of the key points is the interference between paired UEs, which should be studied in NR. 
Multiple stages’ beam determination had been discussed and agreed to study at RAN1#86 meeting. Accordingly, there are multiple resource indices correspond to different stages. Due to the dependence between these indices, the first resource index corresponding to the first stage is the most important. The second resource index and the third resource index follow with the order. Considering these gradual reliability requirements, layered encoding/reporting for these resource indices should be considered in NR. 
Proposal 6: The content of BMI report can include index (es) of RS resources associated with beam information, RSRP corresponding to the preferred resource(s) and/or channel quality information. 
Proposal 7: Different requirement of reliability of resource indices should be considered in NR, such as layered encoding.
For downlink, UE can report information associated with N selected Tx beams. Wherein, the N Tx beams can be selected and decided according to a threshold by UE. This threshold can be predefined or configured by gNB. Then, N beams with channel quality (e.g., RSRP) larger than the threshold are selected. Thereby the actual number of beam/beam pair for BMI report can be recommended/ determined by UE. The method is beneficial to minimize the report overhead and UE power consumption. 
Proposal 8:  The actual number of beam/beam pair for BMI reporting can be determined by UE based on a threshold, which is predefined or configured by gNB.
Based on different use cases, semi-persistent/periodic/event-triggered beam reporting can also be considered. For example, when beam is acquired according to SSs at initial access stage, periodic or semi-persistent beam reporting can be considered. For beam acquisition at data transmission stage, beam reporting may be based on aperiodic/event-triggered. For event-triggered beam reporting, it is beneficial and flexible to adopt similar event triggered scheme as mobility (e.g., threshold based triggering). Based on this scheme, UE power consumption can be saved.   

Observation: Different beam reporting types can be considered under different use cases. 
2.4       Beam management for different channels  
Different beams on control channel and the corresponding data channel transmissions were supported in NR. Correspondingly, the beam pairs for the control channel and data channel are also different. TRP and UE should know which beam pair is used. The control beam is normally wider than the data beam, and the control beam could be inferred from the data beam as shown in Figure 3. To be specific, the wide control beam could cover several narrow data beams to provide control information to the covered users. The SNR reduction by using the wide control beam compared with the narrow beam could be inferred from the beamforming gain differences. If UE knows the RX beam for the data reception, TRP could use the wider control beam inferred from the corresponding TX beam. UE could use the same RX beam for control channel reception. In such case, no additional beam indication for UE control beam reception is needed. 
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Figure 3.  Illustration of data and control beams
In some cases, the indication of UE receiving beam may be needed. If the control channel is transmitted by multiple narrow beams, which contains beams not overlapped with data beams, then the receiving beams of data channel could not be used to receive control channel. The indication of UE receiving beam for control channel should be further studied. One example as follows, a two-level control indication can be considered, where the first level control channels are transmitted with semi-statistic updated beam. Thereby it can indicate the receiving beams of the second level control channel. 
In addition, for control channels, P-2/P-3 may be implemented on the basis of P-1 with no introduction of new beams to reduce the maintenance overhead. While for data channels, newly refined narrow beams may be introduced for spectrum efficiency in P-2/P-3 and the candidate beams for P-2/P-3 need to be updated frequently. In this case, it may be necessary to differentiate the control channel and the data channel in P-2/P-3. Specifically, whether differentiating beam management operation for control channel and data, e.g. the measurement resource and beam reporting should be further studied. 

Proposal 9: The need of UE receiving beam related indication for DL control channel and the corresponding data channel should be further studied in NR.
Proposal 10: Whether to differentiate beam management operation for control channel and data channel in P1/P2/P3 should be studied in NR.
2.5     Procedure to overcome blockage  
P-2 procedure is used for the change of TRP Tx beam based on the TRP beam sweeping. The beam set of P-2 can be a smaller set of beams for beam adjustment than in P-1. P-3 procedure is used for the change of UE Rx beam based on UE Rx beam sweeping. Both P-2 and P-3 procedure can be used to overcome the impact of UE movement, rotation and/or channel/beam blockage in the following aspects

Compared to P-2 procedure, multi-transmission (repetition) with the same TRP Tx beams may be required for Rx beam sweeping in P-3 procedure, especially in the case of analog beamforming. The receive beam quality can be measured by UE side. So, UE can recommend to BS that which beam management method should be used as shown in figure 2. 

In addition, the related RS pattern for different beam management procedure may also be different, such as FDM or TDM RS mapping in P-2 procedure and TDM RS mapping in P-3 procedure for analog beamforming.
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Figure 4.  An illustration of UE recommend beam management
In the beam switching/change procedure, a signalling is required to inform to the UE. Then, The UE can adjust the Rx beam accordingly. The signalling for beam switching/change can be a L1/L2 signaling. 
In addition, in order to support DL CoMP with dynamic TRP selection and quick link recovery as illustrated in Figure 3, where Tx beam may switch fast from one TRP to another, UE’s Rx beam needs to be switched correspondingly to guarantee reliable data transmission. In this case, if UE is indicated the Tx beam to be used, by looking up the mapping between Tx beams and Rx beams it maintains, UE can find and adjust its Rx beam(s) accordingly. 
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Figure 5. An example for inter-TRP beam switching scenario
Based on the above discussions, we have the following proposals: 

Proposal 11: The beam management method, such as repeated beam transmission or beam sweeping can be recommended by UE. 

Proposal 12: Signaling of Tx beam to be used for fast beam switching should be studied in NR.
3 Conclusion
In this contribution, beam management for DL MIMO including coarse beam identification and fine tuning is discussed and we have the following observation and proposals:
Observation: Different beam reporting types can be considered under different use cases. 

Proposal 1:  In addition to CSI-RS, SS and DMRS also can be used for beam management. 
Proposal 2: Study sharing CSI-RS resources between CSI acquisition and beam management in NR.

Proposal 3: CSI-process with beamformed RS can be considered as starting point for beam management.
Proposal 4: Beam grouping principle should be studied in NR to improve the beam management.
Proposal 5: Beam group based transmission should be studied, which include
· Beam group information indication, e.g., number of beams in one beam group;

· Beam group information reporting, e.g., beam group index, optimal beam index;

Proposal 6: The content of BMI report can include index (es) of RS resources associated with beam information, RSRP corresponding to the preferred resource(s) and/or channel quality information. 
Proposal 7: Different requirement of reliability of resource indices should be considered in NR, such as layered encoding.
Proposal 8:  The actual number of beam/beam pair for BMI reporting can be determined by UE based on a threshold, which is predefined or configured by gNB.
Proposal 9: The need of UE receiving beam related indication for DL control channel and the corresponding data channel should be further studied in NR.
Proposal 10: Whether to differentiate beam management operation for control channel and data channel in P1/P2/P3 should be studied in NR.
Proposal 11: The beam management method, such as repeated beam transmission or beam sweeping can be recommended by UE. 

Proposal 12: Signaling of Tx beam to be used for fast beam switching should be studied in NR.
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