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1 Introduction

The following agreements related to beam reporting and beam indication principles were obtained in the previous meetings, and summarized as 
Agreements [1]:

· RAN1 to study the relation (if any) between a measurement and/or reporting on a reference signal and a subsequent beam indication for beam management purposes

· Study the indicator(s) used for PDCCH and PDSCH 

· Study whether there is a relationship between the indicator types e.g. same type of indicator or different types

· 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
Agreements [2]: 
· Support L1-RSRP reporting of measurements on SS block for beam management procedures

· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)

Agreements [2]:

· After entering RRC CONNECTED mode, UE assumes the DM-RS ports of UE-specific PDCCH to be spatially QCL-ed with the SS block identified during initial access by default unless indicated otherwise

· Note: The above QCL assumption may or may not be used for MSG2 and MSG4 – for discussion in initial access session

· FFS: Details

· FFS: Whether or not the default QCL assumption is contained in a default indicator state if supported

· Note: This does not necessarily mean that the PDCCH beam indication is through DCI

· In RRC CONNECTED mode, 

· RRC only or RRC+ MAC CE signaling is used to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s)

· FFS: necessity of DCI signalling

· FFS: Use of Aperiodic CSI-RS 

· FFS: RAN1 to study impact of delay (including determination of Rx beam) and reliability on the beam mgmt scenarios aiming to provide input to RAN2 with regard to higher layer protocols.
In this contribution, we present our views on beam reporting and beam indication mechanism for DL transmissions.
2  Considerations on beam measurement and beam reporting in NR
For hybrid beamforming in NR MIMO, how to find and maintain the best or satisfactory Tx-Rx beam pair is an important problem, and the related procedures have been discussed in beam management issues. For DL beam management, P1/P2/P3 is supported to select the best TRP Tx beam(s) and the best UE Rx beam(s). In P1 and P2, beam reporting should be used to inform TRP each UE’s preferred Tx beams, and P-3 can be supported with or without reporting setting.  

In RAN1#90, it was agreed that in addition to CSI-RS, L1-RSRP reporting of measurements on SS block can also be used for beam management. Using SS blocks for beam management can simplify the network configuration, since SS blocks are always existed and can be reused for other purposes. However, CSI-RS can be flexibly configured as UE-specific RS，and the configuration of the CSI-RS can be determined by the SS-block reporting，e.g.，the beam coverage of CSI-RS can be configured according to the satisfactory beam direction of the SS blocks as shown in Fig.1. Therefore, it might be more efficient to fulfill the beam management procedures via CSI-RS. 
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Figure 1: An example for SS block and CSI-RS beam direction
Since each SS block consists of four symbols, the beam measurement based on SS block would be the average RSRP of the four symbols. The CSI-RS consists of one symbol, and hence the beam measurement on CSI-RS can only takes 1/4 time duration of measurement on SS blocks. For P-1, if both SS block and CSI-RS are used for beam management, the L1-RSRP reporting on SS block and CSI-RS may have different periodicity. On the other hand, during the transmission of each SS block, UE is free to change the receive beam, i.e., UE may use beam#1 to receive the first and the second symbol of the SS block, and use beam#2 to receive the third and the fourth symbol. In such case, the L1-RSRP measurement of SS block reflects the average beam quality of multiple beam pair pairs consist of different UE receive beams，or the L1-RSRP of SS block may be the quality of one gNB transmit beam and multiple UE receive beams. For beam measurement on CSI-RS, the L1-RSRP reporting could reflect the beam quality of one gNB transmit beam and one UE receive beam. On the other hand, the beam width of SS block beam and CSI-RS beam might be different, the L1-RSRP measured on different RS cannot be compared. Therefore, in order to decide the satisfactory beam pair link between gNB and UE, it is better for the gNB to know whether the beam reporting is based on SS block or CSI-RS.   
Observation 1:  L1-RSRP measurement of SS block may reflect the average beam quality between one gNB transmit beam and multiple UE receive beams.
Proposal 1: UE should indicate the gNB whether the L1-RSRP reporting is the measurement on SS block or CSI-RS.
3 Considerations on beam indication in NR
It was agreed that for unicast PDSCH, support an N-bit indicator field in DCI to provide a reference to a DL RS which is spatially QCL-ed with at least one PDSCH DMRS port group [2]. For PDCCH, NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming. After entering RRC CONNECTED mode, UE assumes the DM-RS ports of UE-specific PDCCH to be spatially QCL-ed with the SS block identified during initial access by default unless indicated otherwise. RRC only or RRC+ MAC CE signaling can be used to indicate the QCL relation, and the necessity of DCI signaling is FFS.
From beam reporting, gNB could decide the proper beams to transmit PDSCH and assist UE-side Rx beamforming through beam indicator in DCI. For robust PDCCH transmission, UE can be configured to monitor multiple beam pair links simultaneously or on different PDCCH symbols. Since common PDSCH and common PDCCH will be broadcasted to all UEs in the cell, they can be sent from the same SS block beam identified by the UE. In this way, no explicit beam indicators for common PDCCH and common PDSCH are needed. The DMRS of UE-specific PDCCH can be QCI-ed with CSI-RS or SS block, decided on which RS is used for L1-RSRP measurements. The following two aspects should be considered when discussing the beam indication for UE-specific PDDCH.
· UE mobility 
The periodicity of beam reporting should be configured based on UE’s mobility, for example, in high speed mobility scenario, the periodicity of beam reporting could be very short. If gNB determines to change the Tx beam for UE-specific PDCCH transmission, it should signal this information to UE timely. The DCI signalling is more timely than RRC/RRC+MAC-CE signalling, and hence it is necessary to evaluate whether DCI should be used to provide the QCL of UE-specific PDCCH in high speed mobility scenarios. 
· Latency
NR supports using same or different beams on control channel and the corresponding data channel. If different beams are used for PDCCH and the corresponding PDSCH, the beam switching latency should be taken into account. If DCI can be used for provide beam indicators of UE-specific PDCCH, two approaches can be considered. One is to indicate the PDCCH beam(s) of #(n+1) slot in #n slot’s DCI, the other is to provide the beam indicator in the first symbol of DCI, when UE decodes the first symbol, it can switch the beam to receive the remaining DCI symbols. Before UE decoding the first symbol, a default RX beam should be used. Therefore, both decoding latency and beam switching latency should be considered.
Proposal 2: It is necessary to evaluate whether DCI should be used to provide the QCL of UE-specific PDCCH in high speed mobility scenarios. 

Proposal 3: Both decoding latency and beam switching latency should be considered in beam indication mechanism design, especially when DCI is used to indicate beams for UE-specific PDCCH
4 Conclusions

Based on the above discussions, the proposal are as follows:
Observation 1:  L1-RSRP measurement of SS block may reflect the average beam quality between one gNB transmit beam and multiple UE receive beams.
Proposal 1: UE should indicate the gNB whether the L1-RSRP reporting is the measurement on SS block or CSI-RS.
Proposal 2: It is necessary to evaluate whether DCI should be used to provide the QCL of UE-specific PDCCH in high speed mobility scenarios. 

Proposal 3: Both decoding latency and beam switching latency should be considered in beam indication mechanism design, especially when DCI is used to indicate beams for UE-specific PDCCH 
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