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1 Introduction
For NR beam management procedure, it was agreed in the RAN1#86 meeting that, 
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam adjustment than in P-1
· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

· Strive for the same procedure design for Intra-TRP and inter-TRP beam management

· Note: UE may not know whether it is intra-TRP or inter TRP beam 

· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously

· Note: Procedures P-3 may or may not have physical layer procedure spec. impact

· Support managing multiple Tx/Rx beam pairs for a UE

· Note: Assistance information from another carrier can be studied in beam management procedures
· RAN1 study different methods of determining Tx and Rx beam(s) for communication on one link direction (uplink or downlink), e.g.,

· Joint determination: Tx beam and Rx beam are determined jointly

· Separate determination: Tx beam or Rx beam are determined sequentially. 

· Multi-stage determination: for instance, coarse Tx-Rx beam determination followed by fine Tx-Rx beam determination

· Study beam management procedure with and without explicit signaling of beam(s) or beam group(s) used for transmission

This contribution discusses beam management for DL MIMO including coarse beam identification and fine adjustment. The corresponding configuration and signaling is analyzed. In addition, UE procedure to support these management procedures or resolve beam blockage issue is also discussed. 
2 Discussion on DL beam management for NR
2.1 Discussion for beamforming procedure 
Beamforming procedures in NR mainly include beam acquisition, beam adjustment and beam recovery. And these functionalities can be achieved by DL L1/L2 beam management procedures including P-1, P-2 and P-3. In following, we discuss these procedures separately.

· P-1 procedure
P-1 procedure is mainly used for the acquisition of TRP Tx beam/UE Rx beam. Based on the beam sweeping from a set of different beams, one or multiple beam(s)/beam pair(s) can be determined jointly or sequentially. It is noted that managing multiple preferred beam(s)/beam pair(s) for UE is beneficial to overcome the blockage issue. 
The Tx/Rx beam sweeping from a set of different beams can be achieved by the transmission of multiple beamformed reference signals in NR. For each selected beam or beam pair, corresponding beam measurement information (BMI) including resource index associated with beam information, e.g. resource index (similar as CRI in LTE), RSRP, RI and CQI corresponding to each preferred resource will be reported to eNB.
Management of RS for beam acquisition
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 BMI (e.g. RSRP/CQI).
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. 

And in order to minimize the overhead of these beamformed reference signals, on demand’s transmission for RS should be supported, such as aperiodic beamformed CSI-RS and DMRS.
Based on the above discussions, we have the following proposal:  

Proposal 1: CSI-process with non-precoded RS and/or beamformed RS can be considered as starting point for beam management.
BMI measurement and reporting
Similar to CSI report in LTE, UE reports BMI in periodic or aperiodic mode configured by eNB. And the time/frequency resource for this aperiodic report is indicated in DCI or RAR grant. 

With a large number of beams in beam management, the issue of feedback overhead needs to be carefully investigated especially for the case of BMI report with multiple beams. In order to minimize the report overhead and UE power consumption, the actual beam/beam pair number of BMI report can be recommended/ determined by UE according to BS’s signaling. For example, the DL signaling includes the information of a beam number and a quality threshold. Then, UE may decide the actual number of beams by the DL signaling and beam measurement.
Based on the SU assumption, the content of BMI information can include the resource index(es) associated with beam information and RSRP to determine the resource index(es) and corresponding channel quality information for each preferred resource, e.g. RSRP, 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. 
One possible approach to mitigate the interference is to group the measured TX beams into several subsets according to UE’s beamforming information. For example, as illustrated in figure 1, one UE can divide its receiving region into 4 sub-regions labeled with A, B, C and D respectively. As shown in Figure 1, TX beam 2 belongs to sub-region A if the measured RSRP exceed a predefined threshold. The division of the TX beams should be a relatively long-term feature comparing with beam refinement requests. As the grouping is based on UE side, the correlation of different TX beams at UE side can be represented by group index. Such information can help the TRP to conduct robust transmission, e.g., transmit diversity for UE mobility and beam switching for blockage. When dealing with UE mobility, it is beneficial to require UE to feedback some high-correlated TX beams, i.e. TX beams belonging to the same subset. While under the blockage scenario, the feedback of some non-correlated TX beams for beam switching is better, because those low-correlated TX beams are less likely to be blocked together.
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Figure 1  An illustration of sub-region beam division
Furthermore, the beam group information can also help to avoid the mutual interference among paired UEs in MU-MIMO transmission. For example, if the TRP allocates TX beam 2 to support the UE in figure 1, then the UE can feedback all the other TX beams belonging to the same group, i.e., 1 and 4. With this information, the TRP will try to avoid applying beam 1 or 4 to support other paired UEs because TRP can predict that TX beam 1 and 4 will cause serious interference to the current UE. Therefore, properly utilizing UE side beamforming information can assist the TRP to realize some efficient scheduling algorithms to enhance the system performance. How to embed such information in feedback design should be studied.

Based on the above discussions for BMI report, we have the following proposals:

Proposal 2:  The actual beam/beam pair number for BMI report can be determined by UE.
Proposal 3：The content of BMI report can include index(es) of RS resources associated with beam information, RSRP, RI  and CQI corresponding to the preferred resource(s).  

Proposal 4: Interference mitigation for MU-MIMO should be considered in beam management.
· P-2/P-3 procedure 
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 also may 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 2.  An illustration of UE recommend for beam recovery
After the recovery procedure, a command is needed to indicate the switch of beam and the beam index after change. This beam switch command can be a L1/L2 signaling. If UE receives this switch command, it switches its serving beam to the updated beam. 
In order to support DL CoMP with dynamic TRP selection and quick link recovery as illustrated in Figure 3, where Tx beam to be used 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 3. An example for inter-TRP beam switching scenario
Based on the above discussions, we have the following proposals: 

Proposal 5: The beam management method, such as repeated beam transmission or beam sweeping can be recommended by UE. 

Proposal 6: Signaling of Tx beam to be used for fast beam switch should be studied in NR.
As discussed in our companion contribution [2], a similar beamforming procedure including beam acquisition and beam adjustment (i.e.P-1, P-2) etc. can also be used for common channels/signals in initial access. Therefore, the scope of beam management procedure should include both common channel/signal and dedicated channel/signal.   
2.2 Multiple Carriers Operations based beam management 
Due to the pathloss issue in high frequency band, the coverage of high frequency (HF) is limited and also easily impacted by blockage. Thus, using an assisting carrier, such as low frequency (LF) carrier, to enhance the robustness of HF beam management is a potential solution. In beam management, it is beneficial to deliver some beam related information of HF using LF, where the related information include the follows, 

· RS resource configuration information for beam management, e.g. beam determination/adjustment
· Beam related report information, e,g., Beam index in PUCCH report,  beam related report quality.   
· Some trigger signaling for beam tracking and beam recovery can also be transmitted on LF to overcome the blockage issue in HF, such as
· Beam recovery request, which is sent from UE to TRP to trigger beam recovery;

· Beam tracking request, which is sent from UE to TRP to trigger beam tracking; 

Proposal 7: Beam management related information can be transmitted on an assisting carrier, which includes at least:

· Measurement resource configuration information
· Beam related report information
· Beam tracking/recovery request
It is noted that for non-ideal backhaul with different TRPs, the dynamic signal on LF may suffer from the delay between TRPs. The signal may become outdated for the HF operation. The dynamic signal in HF may not be suitable from LF with non-ideal backhaul. Thus, LF assistance should be studied separately for ideal and non-ideal backhaul. 
Proposal 8: In multiple carriers operations based beam management, the cases with ideal or non-ideal backhaul should be studied separately.    
3 Conclusion
In this contribution, beam management for DL MIMO including coarse beam identification and fine tuning is discussed and we have the following proposals:
Proposal 1: CSI-process with non-precoded RS and/or beamformed RS can be considered as starting point for beam management.
 Proposal 2:  The actual beam/beam pair number for BMI report can be determined by UE.
Proposal 3：The content of BMI report can include index(es) of RS resources associated with beam information, RSRP, RI  and CQI corresponding to the preferred resource(s).  

Proposal 4: Interference mitigation for MU-MIMO should be considered in beam management.
Proposal 5: The beam management method, such as repeated beam transmission or beam sweeping can be recommended by UE. 

Proposal 6: Signaling of Tx beam used for fast beam switch should be studied in NR.
Proposal 7: Beam management related information can be transmitted on an assisting carrier, which includes at least:
· Measurement resource configuration information
· Beam related report information
· Beam tracking/recovery request
Proposal 8: In multiple carriers operations based beam management, the cases with ideal or non-ideal backhaul should be studied separately.
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