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Introduction
In this contribution, we further discuss beam management and CSI acquisition related issues.
DL Beam Management
In our companion contribution, the final transmission may rely on multi-level/hybrid beamforming. In RAN1 #86b, the following agreement is achieved.
Agreements:
· For hybrid beamforming, at least the following steps for CSI/RSRP acquisition should be studied: 
· Step 1: Beam-based CSI/ and/or RSRP (e.g., based on beam management procedures)
· To determine at least analog beam
· Using UE feedback and/or beam-based reciprocity
· With beam-based reciprocity, TRP/UE can obtain DL/UL Tx beam from its Rx beam by multi-beam reception
· Step 2: Port-based CSI
· To determine the precoder for digital beam based on the reported analog beam(s)
·  Using UE feedback and/or port-based reciprocity
· With port-based reciprocity, TRP/UE can obtain DL/UL CSI based on UL SRS/DL RS
· Step 3: CQI 
· To determine CQI for data transmission given the reported analog and digital beam
· Based on UE-specific CSI-RS transmission
· Further optimization of the procedure for reciprocity/non-reciprocity can be considered
· Note: Certain steps may be merged/reordered/repeated
· Study the association between UL and DL RS in/among the above steps
· Note: CSI/RSRP acquisition for full digital or full analog beamforming can be a special case of the above framework
· For single-beam based approach, step 1 may not apply

Through above CSI report related procedures, UE could gain the information of analog beam, digital domain combination coefficients etc. These information is needed for the following beam construction:
· Case 1: One UE’s data is transmitted from one sub-array; 
· Only analog beam report is needed;
· Case 2: One UE’s data is from one panel; 
· Analog beam level and port based CSI are both needed; Ports are typically constructed through different subarrays;
· Case 3: One UE’s data is from multiple panels of one TRP; Analog beam level and port based CSI is needed
· Analog beam level and port based CSI are both needed; Ports are typically constructed through different panels; Joint report of panel selection/indication stated above may also be needed;
· Case 4: One UE’s data is from multiple panels of multiple TRPs
· Analog beam level, port based and TRP based CSI are all needed; Analog beam and port based CSI are for the same TRP, while TRP level CSI may indicate which TRPs are suitable for joint transmission; 
All the above reports could be fitted within a common and general framework. The following agreement from RAN1 #86b states that  
Agreements:
· NR supports CSI reporting with two types of spatial information feedback
· Type I feedback: Normal 
· Codebook-based PMI feedback with normal spatial resolution
· Type II feedback: Enhanced 
· “Explicit” feedback and/or codebook-based feedback with higher spatial resolution 
· For Type I and II, CSI feedback per subband as well as wideband feedback are supported
· For Type I and II, beam-related feedback can be included

Agreements:
· For Type I feedback, NR supports at least the following (DL) CSI reporting parameters
· Resource selection indicator (Examples for further study are reference signal resource, port, reference signal sequence, beam)
· RI (rank indicator)
· PMI (precoding matrix indicator)
· Channel quality feedback

Typically for hybrid beamforming, the beam-based CSI/ and/or RSRP in step 1 is resource selection indicator, port-based CSI in step 2 would be PMI for type 1 and CQI in step 3 is channel quality feedback. Although the possibility that UE may report beam based CSI through PMI, the above typical case should be supported. It is also possible that one independent reporting setting may not fully feedback all the information needed for hybrid beamforming. Two settings may be configured with the first setting feeding back beam based CSI/RSRP and the second reporting setting feeding back port-based CSI and CQI.      
Hybrid beamforming may be supported through multiple Type 1 reporting settings.
Type 1 feedback supports hybrid beamforming through the following report content:
· Step 1 beam-based CSI/RSRP is contained in the resource selection indicator together with channel quality feedback;
· Step 2 port-based CSI is included in PMI;
· Step 3 CQI is included in channel quality feedback; 
In the above agreement, for Type I and II, beam-related feedback can be included. The detailed CSI reporting parameters in type I feedback includes resource selection indicator which is mainly used for beam related feedback. That implies the procedure that independent resources in each RS settings is related to some specific beam. When the associated reporting setting feeds back the resource selection indicator, it implies the related beam is selected. However, in some cases, the relationship between beam and resource is not necessarily one to one. In the schemes in our companion contribution, the same RS resource may be used for sensing of multiple beams, thus simple resource indication may not represent the exact beam that should be selected. In the group based report, the group indicator is also not necessarily related to some specific resource. Thus the resource indicator is only one possible way for the report of beam related information.
For Type I and II, beam-related feedback is not necessarily resource selection indicator.
UL Beam Management Procedures
For UL beam management, the following is agreed:
Agreements:
· UL beam management is to be further studied in NR
· Similar procedures can be defined as DL beam management with details FFS, e.g.:
· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)
· Note: this is not necessarily useful in all cases
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming
· FFS Indication of information related to Tx/Rx beam correspondence is supported
· Study UL beam management based on:
· PRACH
· SRS
· DM-RS
· Other channels and reference signals are not precluded
· Study uplink beam management procedure by considering the Tx/Rx beam correspondence
· For the case of TRP and UE have Tx/Rx beam correspondence
· For the case of TRP has no Tx/Rx beam correspondence and/or UE has no Tx/Rx beam correspondence

The above example U-1, U-2 and U-3 procedures are similar to DL P-1, P-2 and P-3. Typically, U-1 is used to acquire initial beam related information. The procedure for P-1 and U-1 always lie in the initial access part. But it can be seen from previous discussion that in the initial access, it is hard to divide the procedures into separate parts. Normally, gNB perception of DL Tx beam that could be used to connect the UE would rely on the whole initial access procedure, through which initial acquisition of UL Tx and Rx beam could also be gained. It is inappropriate to further divide the whole initial access procedure into component procedures like P-1 and U-1. Thus we think it is only necessary to define U-2 and U-3.
It is not necessary to define UL beam management component sub-procedure U-1.  
UL beam management could leverage beam reciprocity between DL and UL. UE would maintain the best Rx beam for each received Tx beam. When the UE is indicated to transmit UL SRS signal, UE could select a beam range around the DL Rx beam to transmit. eNB would use the beam (which is indicated to UE in UL SRS triggering) or a beam range around the beam to receive the UL SRS. Due to large amount of analog beams, a hierarchical SRS measurement structure should be supported for UL beam training and channel state measurement. Macro level could be used mainly for beam training with very sparse reference signal in frequency domain while micro level mainly used for channel state measurement with required density.
Hierarchical UL CSI measurement structure is supported, with macro level targeting beam training and micro level targeting channel state measurement. 

Beam Management for Link Failure Procedures
It is agreed in RAN1 #86b that 
Agreements:
· 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
· E.g., RACH preamble sequence, DL/UL reference signal, control channel, etc.
· If needed, resource allocation for this mechanisms
· E.g., RACH resource corresponding mechanism, etc.

In our understanding, NR could use component sub-procedure P-1, P-2 and P-3 in the case of link failure and/or blockage. Through mobility related measurement, UE should maintain the beams at least for access related procedures. As proposed in our companion contribution, UE could use such access related beam information for PDCCH beamforming and thus could be used for dynamic control. If such information is not accurate and leads to failure of connection setup, then the mobility related procedure should be initiated to regain the information. The initial acquisition is just the purpose of component sub-procedure P-1 and thus does not need new procedures. Normally UE should maintain multiple P-2/P-3 procedures to track the beam of target gNB. Beam refinement would help to alert the possibility of connection loss and solve the problem before it appears. But once it appears, mobility related P-1 procedure is enough to solve the problem.    
NR could use component sub-procedure P-1, P-2 and P-3 to recover beam in the case of link failure and/or blockage.  

CSI-related Settings and Corresponding Associations
In RAN1 #86b, the following agreement is achieved 
Agreements:
· CSI-related settings consisting of:
· CSI reporting settings
· CSI parameter can be independently configured, e.g. time and/or frequency granularity, FFS: ON/OFF
· FFS: Details of configurability
· Definition of CSI parameters (e.g., CQI, PMI, RI) is FFS
· RS (at least for CSI measurement) settings, e.g. CSI-RS (CSI-IM as a special case)
· FFS: Other RS for CSI measurement
· CSI measurement settings 
· To configure which RS setting is used for a particular CSI reporting setting
· Study the case where a UE can be configured with:
· N CSI reporting settings
· M RS (for CSI measurement) settings
· CSI measurement setting configures mapping/linkage between N CSI reporting and M RS settings

The above settings is mainly for DL CSI related procedures. UE could be configured with N CSI reporting settings and M RS settings. CSI reporting settings should configure the reporting occasions and the content of the report. RS settings mainly refer to time/frequency position and density of CSI-RS REs. Measurement settings is used to associate CSI reporting settings and RS settings. With pre-configured settings, there are several alternatives for the system to associate:
· Alt 1: Associated through RRC configuration. The N CSI reporting settings and M RS settings are associated with RRC signaling. UE measures and reports according to the association. 
· Alt 2: Configured by RRC and triggered by DCI or MAC CE. UE is pre-configured with several associations. Only after DCI/MAC CE triggering, UE starts to measure and report according to the corresponding association.  
· Alt 3: Associated directly by DCI/MAC CE. RRC configured CSI reporting settings and RS settings are all indexed. DCI/MAC CE signaling could be directly used to associate CSI reporting and RS setting with the index.  
The above three kinds of association might all be used for different kinds of CSI RS and report. In RAN1 #86b, it is agreed to study the following kinds of CSI-RS, report and corresponding association. 
Agreements:
· At least for CSI acquisition, NR supports CSI-RS, SRS
· FFS: Use of DL DMRS for CSI measurement
· NR supports aperiodic transmission of CSI-RS
· For CSI-RS transmission, NR supports at least one of following:
· Semi-persistent transmission
· Preconfigured CSI-RS resources can be activated or de-activated
· FFS: Activation/De-activation mechanism
· Periodic transmission
· Periodic CSI-RS can be configured by higher layer
· FFS: mechanisms (e.g. protocol layer) for dynamic control of activation/deactivation for semi-persistent CSI-RS
· FFS: mechanisms to provide reliable activation/deactivation for semi-persistent CSI-RS
· NR supports aperiodic CSI reporting
· NR supports at least one of following:
· Periodic CSI reporting 
· It can be configured by higher layer
· Semi-persistent CSI reporting
· Configuration of CSI reporting can be activated or de-activated
· FFS: Activation and de-activation mechanism
· Study periodic/aperiodic/semi-persistent CSI reporting by using CSI-RS
· FFS using other RSs
· FFS on necessary configurations, conditions, situations and use cases
· With regard to relating CSI-RS transmission and CSI reporting, following combinations are supported at least
· Aperiodic CSI reporting with aperiodic CSI-RS 
· Aperiodic CSI reporting with semi-persistent/periodic CSI-RS
· Semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS
· To support combinations above more flexibly, NR should allow independent control of CSI-RS indication and CSI reporting indication timings.
· ‘indication’ above may refer to triggering, activation, and deactivation depending on type of RS/reporting.
· Further study is needed how to guarantee appropriate time gap between indication of CSI-RS transmission and CSI-RS
· Further study is needed how to guarantee appropriate time gap between CSI-RS and CSI reporting
· Note: This does not preclude joint control of CSI-RS indication and CSI reporting indication.


The above agreement suggests that NR would at least support two kinds of RS and report:
· Aperiodic 
· Periodic/Semi-persistent
At least the following combination (association) are going to be supported. For different combinations, different association signaling could be used.
· Aperiodic CSI reporting with aperiodic CSI-RS
· Typically, aperiodic CSI reporting and aperiodic CSI-RS are both pre-configured and then triggered through DCI or MAC CE. It is highly preferred to trigger the aperiodic CSI report, the aperiodic CSI-RS and the association simultaneously. Thus the association should also be indicated with DCI/MAC CE. It could be pointing to some index that implies the corresponding bonding between CSI setting and CSI-RS setting. Or it could be directly pointing to CSI setting and CSI-RS setting.
· Aperiodic CSI reporting with semi-persistent/periodic CSI-RS
· For periodic/semi-persistent CSI-RS, aperiodic report is normally triggered through DCI/MAC CE. The association should also be indicated through DCI/MAC CE together with the triggering of aperiodic report. 
· Semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS
· For periodic CSI-RS and periodic CSI reporting, the association could only be associated through RRC signaling. Periodic CSI-RS and periodic CSI reporting are both configured through RRC signaling. The exact timing could not be guaranteed. Association through RRC signaling is more natural than DCI/MAC CE triggering.
· For semi-persistent CSI reporting and CSI-RS, the activation and deactivation would typically be done through DCI/MAC CE. The association could also be done in the same way. Multiple measurement settings could be configured on RRC and then each triggering directly indicates the measurement setting. It is also possible that the dynamic association is done by indicating the index of CSI reporting and CSI-RS directly.
The following alternatives for the association of RS settings and CSI reporting settings should be studied:
· Alt 1: Associated through RRC configuration. 
· Alt 2: Configured by RRC and triggered by DCI or MAC CE.  
· Alt 3: Associated directly by DCI/MAC CE.  
Note that in the above discussion, we mainly use the term CSI-RS for RS settings. It is possible that RS settings associated with CSI reporting also include RS used for mobility purpose. These RS signals are included in the ‘SS block’ and normally used for mobility purpose. They are always on and typically beamformed. They could be configured to measure the corresponding signal strength and thus the beam related information could be gained. 
RS settings for CSI related settings should also include the settings of RS for mobility purpose.

Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	Hybrid beamforming may be supported through multiple Type 1 reporting settings.
Proposal 2		Type 1 feedback supports hybrid beamforming through the following report content:
· Step 1 beam-based CSI/RSRP is contained in the resource selection indicator together with channel quality feedback;
· Step 2 port-based CSI is included in PMI;
· Step 3 CQI is included in channel quality feedback; 
Proposal 3		For Type I and II, beam-related feedback is not necessarily resource selection indicator.
Proposal 4		It is not necessary to define UL beam management component sub-procedure U-1.  
Proposal 5		Hierarchical UL CSI measurement structure is supported, with macro level targeting beam training and micro level targeting channel state measurement. 
Proposal 6		NR could use component sub-procedure P-1, P-2 and P-3 to recover beam in the case of link failure and/or blockage.  
Proposal 7		The following alternatives for the association of RS settings and CSI reporting settings 			should be studied:
· Alt 1: Associated through RRC configuration. 
· Alt 2: Configured by RRC and triggered by DCI or MAC CE.  
· Alt 3: Associated directly by DCI/MAC CE.  
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