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Introduction
[bookmark: _GoBack]In this contribution, we further discuss beam management and CSI related settings for NR MIMO.
Framework of Beam Management
As we previously discussed, the framework of beam management should be divided into two phases, the first phase without a priori information and the second phase with a priori information. The information of spatial configuration and characteristics gained in the first phase could be leveraged in the second phase to facilitate data transmission. RS transmission, CSI measurement and CSI report for beam management and other MIMO related procedures should be fit in one common framework.  
Beam management exists in both the first phase and the second phase. The main target for beam management in the first phase is for beam acquisition, while for the second phase, beam management is mainly targeting beam refinement. DL beam management for the first phase should use the component sub-procedure P-1. In the P-1 sub-procedure for the first phase, UE determines the coarse beam for eNB Tx and UE Rx. Then for the following random access procedure, UE makes use of information from the P-1 sub-procedure and starts transmitting random access signals. For the first phase, partial spatial(beam) reciprocity might be assumed for broadcast signals and random access signals. Scheme design should facilitate the usage of such reciprocity information. In some application scenarios (typically under 6GHz), it is also possible that spatial reciprocity could not be assumed even at this stage. Scheme design should also consider these scenarios. 
DL Beam Management
CSI Acquisition Framework
In RAN1 #87, the following CSI acquisition framework is agreed. 
Agreements:
· A UE can be configured for CSI acquisition with the following features:
· N≥1 CSI reporting settings, M≥1 RS settings, J≥1 IM settings, and a CSI measurement setting which links the N CSI reporting settings with the M RS settings and J IM settings
· A CSI reporting setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· Frequency-granularity, at least for PMI and CQI
· FFS: Which CSI parameters are reported
· If PMI is reported, PMI Type (Type I or II) and codebook configuration 
· An RS setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· RS type which encompasses at least CSI-RS
· RS resource set(s) of K resources

· An IM setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· IM types which encompasses CSI-IM
· FFS: RS setting and IM setting can be merged
· A CSI measurement setting includes at least the following:  
· One CSI reporting setting
· One RS setting
· One IM setting
· For CQI, reference transmission scheme setting
· Study the possibility of configuring a UE with multiple CSI measurement settings including dynamic indication to select a preferred CSI measurement setting
· Including selection of resource(s) out of the K resources within an RS setting
· UE supports up to L CSI measurement
· Value of L may depend on the UE capability

With above defined framework, the possible combinations of RS and report are supported in the following way:
·  Case 1: Periodic RS/IM, periodic report;
· UE could be configured with an RS setting with periodic time-domain behavior and a CSI reporting setting with periodic time domain behavior. Then a measurement setting is configured connecting the RS setting and the CSI reporting setting.
· Case 2: Periodic RS/IM, semi-persistent report;
· Case 3: Periodic RS/IM, aperiodic report;
· Case 4: Semi-persistent RS/IM, semi-persistent report;
· Case 5: Semi-persistent RS/IM, aperiodic report;
· Case 6: Aperiodic RS/IM, aperiodic report;
In all the above cases, the configuration of RS setting and reporting setting is clear. But there are still some unclear points for measurement settings. For example, for periodic RS and aperiodic report, through above definition, UE is configured with a measurement setting connecting RS setting with periodic time domain behavior and reporting setting with aperiodic time domain behavior. The measurement setting is typically configured through high layer signaling. There is no strict timing relationship between the configuration and aperiodic report, thus PHY layer behavior would be ambiguous. This kind of ambiguity exists for all kinds of setting that needs stringent timing. 
MAC CE/DCI based triggering of measurement setting with aperiodic time domain behavior should be supported to clearly define the UE RS measurement and report behavior.
In fact, there is another statement in the agreement to study “the possibility of configuring a UE with multiple CSI measurement settings including dynamic indication to select a preferred CSI measurement setting”. With above proposal, this kind of possibility could be supported.
It should be supported that UE is configured with multiple CSI measurement settings and dynamically indicated to select one or several of them.
i. For measurement setting only connecting periodic RS and periodic report, measurement settings are effective once configured.
ii. For measurement setting connecting RS/IM/report setting with aperiodic or semi-persistent time domain behavior, they are only effective after being dynamically (MAC CE/DCI) triggered.
In RAN1 #87, there are some other agreements related to time domain behavior of measurement. These agreements are listed in the following.
Agreements:
· For NR, support both periodic and semi-persistent CSI reporting:
· For periodic: higher-layer configuration of reporting periodicity and timing offset
· FFS for the case of semi-persistent CSI reporting w.r.t. reporting periodicity and timing offset
· FFS on detailed signaling

Agreements:
· NR supports semi-persistent CSI-RS transmissions
· Activation(s)/de-activation(s) of CSI-RS resource is triggered dynamically
· Note: “dynamically” here can be DCI and/or MAC CE based. FFS details.
· NR supports semi-statically configured/re-configured periodic CSI-RS transmissions
FFS: Details on signaling mechanisms

Agreements:
· Support UE specific RRC configuration of one or more CSI-RS resource sets
· As one operation example, CSI-RS resources within a set can be dynamically shared amongst users
· Support dynamic allocation of one or more CSI-RS resources from the one or more sets to one or more users
· Allocation can be aperiodic (single-shot)
· Allocation can be on a semi-persistent basis
· Note: semi-persistent CSI-RS transmission is periodic while allocated

Agreements:
· NR supports CSI calculation based on one-shot measurement of interference.
· For one-shot interference measurement, study at least one of the following alternatives:
· Alt1. Dynamic indication of aperiodic IMR.
· Alt2. Configuration of periodic/semi-persistent IMR with dynamic indication of interference measurement restriction.
· Alt3. Configuration of periodic/semi-persistent IMR with semi-static configuration of interference measurement restriction.
· Other alternatives are not precluded
· Note that the definition of IMR (e.g., ZP CSI-RS, NZP CSI-RS, a hybrid of ZP/NZP CSI-RS, DM-RS, etc.) is a separate topic
· Note that the connection of the above alternative(s) with measurement setting is a separate topic

All the above agreement could be put under the framework of measurement settings. For the periodic/semi-persistent CSI reporting and periodic/semi-persistent CSI-RS, they could all be classified as specific time domain behavior of RS/reporting settings. For the one-shot measurement of interference, there are IM settings and measurement settings related issues. The three alternatives give possible configuration of IMR resource and measurement restriction. The dynamic/periodic/semi-persistent IMR could be categorized as time domain behavior of IM settings. For measurement restrictions, novel property is needed for measurement setting. When measurement settings is configured to connect RS/IM setting and reporting setting, it should also include the property of measurement restriction for each connection.  
The discussion of RS and CSI time domain behavior should be put under the agreed CSI acquisition framework.
When measurement settings are configured to connect RS/IM setting and reporting setting, it should also include the property of measurement restriction for each connection.
Beam Management for Link Failure Procedures
It is agreed in RAN1 #86b that the following schemes should be studied to provide robustness against beam pair link blocking.
Agreements:
· NR to provide robustness against beam pair link blocking
· Study mechanisms to achieve the above purpose
· E.g., by enabling PDCCH/PDSCH monitoring with N beams
· E.g., N=1, 2, …
· E.g., TDM monitoring, simultaneous monitoring, etc.
· E.g., by enabling composite beams via e.g., SFBC and/or multi-stage control channel
· The examples are not intended to be exhaustive

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 previous 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 could be used to solve the problem.    
NR could use high layer mobility related procedures to recover beam in the case of link failure and/or blockage.
There might be some problems for the above mobility based beam recovery procedure. Blockage or UE rotation may influence beam connection in a very short time. Beam recovery needs to be conducted within a relatively short period. Typical RRC based beam recovery would introduce long delay. Quick recovery is needed. For example, for mobility based procedures, it is not until all HARQ retransmissions and RLC retransmissions fail and a timer in RRC expires before the corresponding RLF procedure begins. MAC layer could initiate a very quick recovery procedure once all HARQ retransmission fails. There are many ways to design above quick recovery procedure. No matter whether the recovery procedure is UE initiated or gNB initiated, it could reuse previously defined component procedure P-1, P-2, P-3 and U-1, U-2, U-3. For UE initiated transmission, we had the following agreement.
Agreements:
· NR should study the necessity of event-driven UE initiated UL transmission, e.g., in the event of beam quality degradation 
· E.g. due to UE mobility/rotation, blockage, and/or link failure, etc.
· FFS: details of event(s) of beam quality degradation

This kind of UE initiated UL transmission should be supported and considered under the MAC layer quick recovery procedures. 
NR also needs MAC layer quick recovery procedures to recover beam in the case of link failure and/or blockage. 
iii. The quick recovery procedure could reuse component sub-procedure P-1, P-2, P-3 and U-1, U-2, U-3.
iv. Event driven UE initiated UL transmission should be supported and considered under MAC layer quick recovery procedures.
The following agreement states that UE may initiates some transmission 

For PHY layer, the main part that needs to be enhanced are PDCCH and PUCCH. There are mainly two alternatives.
· Alt. 1: PDCCH/PUCCH may be transmitted on different beams; 
· Alt. 2: PDCCH/PUCCH is transmitted on the same robust beam.
The two alternatives could be combined together to provide more robust beam management. Alt. 1 could also be used in the quick recovery procedure. For example, when all HARQ retransmission fails, gNB could first switch to a backup beam before initiating any beam recovery procedure. The system should also support Alt. 2 to construct any transmission on multiple beams together to enhance robustness against beam misalignment.
PDCCH and PUCCH transmission are the main part that needs to be enhanced for robustness against beam misalignment. Control channel transmission on multiple beams and on a robust beam should be combined together.
Beam recovery procedure could also be combined together with beam switching scheme, which would accelerate recovery procedure. gNB/UE may have to maintain backup beams for such beam switching schemes.
CSI-RS Resources
In RAN1 #87, CSI-RS resource is defined as a collection of ports and the relationship between ports need to be studied.
Agreements:
· NZP CSI-RS resource is defined in NR, as a set of NZP CSI-RS port(s) mapped to a set of REs within a frequency span/a time duration (details FFS) which can be measured at least to derive a CSI 
· Multiple NZP CSI-RS resources can be configured to UE at least for supporting CoMP and multiple beamformed CSI-RS based operations, where
· Each NZP CSI-RS resource at least for CoMP can have different number of CSI-RS ports.
· Further study at least the following aspects:
· FFS QCL aspects
· E.g., set of QCL parameters
· E.g., QCL assumptions within a NZP CSI-RS resource, among two or more resources, etc.
· FFS whether or not a single NZP CSI-RS resource can be used to derive two or more CSIs
· FFS whether or not many NZP CSI-RS resources can be used to derive a single CSI

The main purpose of multiple NZP CSI-RS configuration to one UE is to support CoMP and multiple beamformed CSI-RS. Thus, it is reasonable to assume ports within a resource should be QCLed. For non-coherent transmission across multiple panels/TRPs, multiple CSI-RS resources may be used to derive a single CSI. PMI codebook are enhanced to reflect the relationship between different TRPs.
Antenna ports within a CSI-RS resource should defined as QCLed.
Multiple NZP CSI-RS resources can be used to derive a single CSI.
CSI-RS resources can be used in P1, P2, P3. In the following the corresponding structure of CSI-RS for beam sweeping is defined. 
Agreements:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping
· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure
· NP CSI-RS port(s) can be mapped per (sub)time unit
· Across (sub)time units, same CSI-RS antenna ports can be mapped
· Values of NP is FFS
· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology, where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 
· Each time unit can be partitioned into sub-time units
· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length (i.e. larger subcarrier spacing) as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded
· This mapping structure can be used for supporting multiple panels/Tx chains
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
· Option 2:
· Tx beam(s) are different across sub-time units within each time unit
· Tx beam(s) are same across time units
· Option 3: combination of Alt1 and Alt2:
· Within one time unit, Tx beam(s) are same across sub-time units.
· Within another time unit, Tx beam(s) are different across sub-time units.
· FFS combination of the different time units in terms of e.g., number and periodicity
· Note that only Tx sweeping or Rx sweeping is also a possibility
· Other options are not precluded.
· FFS: how to capture “same beam” and “different beam” in spec
· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations

For the three options that may be used for beam sweeping, they should all be supported from the perspective of implementation flexibility. In fact, from the standardization perspective, it is only necessary to define the very basic element of CSI-RS resource. All ports within the CSI-RS resource should be considered as QCLed as we proposed. The main issue is how UE measurement behavior is conducted, i.e. in which resource to sweep the Rx beam. This could be conducted through indication of QCL relationship between different resources. From this perspective, it is not necessary to capture “same beam” and “different beam” in spec.
For beam sweeping of CSI-RS, it is not necessary to capture “same beam” and “different beam” in spec. 
v. Sweeping could be conducted with basic element of CSI-RS resource;
vi. Same beam or different beam could be indicated through QCL relationship. 
Beam correspondence is of great importance for beam management. With the help of beam correspondence, beam management procedure could be simplified. 
Agreements:
· Companies are encouraged to refine the definition of beam correspondence, if necessary 
· Note: whether or not to introduce this definition in NR is a separate topic 
· Under the refined definition of beam correspondence (if any), study whether or not mechanism(s) for determining UE’s beam correspondence is needed. 
· the study may consider the following aspects - 
· e.g. metrics to be considered SNR/Power (beam-quality), CSI, and others
· e.g. values of the metrics at which beam correspondence is declared
· e.g., complexity/overhead 
· e.g., possibility of supporting reporting to the gNB about beam correspondence at the UE

However, at the stage of initial access, no matter whether the above beam correspondence exists, the accessing procedure is the same from UE perspective. One of the main difference from system perspective is that a system parameter is broadcast to indicate how many transmissions PRACH preamble should be conducted within one trial. The common understanding is that beam correspondence is a deployment related feature. 
Typically, beam correspondence could be determined through implementation. After initial access, gNB could use the information gained in the process to train DL beam through CSI-RS and UL beam through SRS. Through such implementation, gNB could gain information about whether beam correspondence exists. Due to the fact that beam correspondence is a deployment related feature, whether beam correspondence exists could also be assumed for UE side.
Beam correspondence is not necessary to be defined in spec and the corresponding mechanism to determine such beam correspondence is also not necessary. 
Conclusions
Based on the discussion in this contribution we propose the following:
1. MAC CE/DCI based triggering of measurement setting with aperiodic time domain behavior should be supported to clearly define the UE RS measurement and report behavior.
1. It should be supported that UE is configured with multiple CSI measurement settings and dynamically indicated to select one or several of them.
0. For measurement setting only connecting periodic RS and periodic report, measurement settings are effective once configured.
0. For measurement setting connecting RS/IM/report setting with aperiodic or semi-persistent time domain behavior, they are only effective after being dynamically (MAC CE/DCI) triggered.
1. The discussion of RS and CSI time domain behavior should be put under the agreed CSI acquisition framework.
1. When measurement settings are configured to connect RS/IM setting and reporting setting, it should also include the property of measurement restriction for each connection.
1. NR could use high layer mobility related procedures to recover beam in the case of link failure and/or blockage.
1. NR also needs MAC layer quick recovery procedures to recover beam in the case of link failure and/or blockage. 
0. The quick recovery procedure could reuse component sub-procedure P-1, P-2, P-3 and U-1, U-2, U-3.
0. Event driven UE initiated UL transmission should be supported and considered under MAC layer quick recovery procedures.
1. PDCCH and PUCCH transmission are the main part that needs to be enhanced for robustness against beam misalignment. Control channel transmission on multiple beams and on a robust beam should be combined together.
1. Beam recovery procedure could also be combined together with beam switching scheme, which would accelerate recovery procedure. gNB/UE may have to maintain backup beams for such beam switching schemes.
1. Antenna ports within a CSI-RS resource should defined as QCLed.
1. Multiple NZP CSI-RS resources can be used to derive a single CSI.
1. For beam sweeping of CSI-RS, it is not necessary to capture “same beam” and “different beam” in spec. 
0. Sweeping could be conducted with basic element of CSI-RS resource;
0. Same beam or different beam could be indicated through QCL relationship. 
1. Beam correspondence is not necessary to be defined in spec and the corresponding mechanism to determine such beam correspondence is also not necessary. 
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