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1. Introduction
In RAN1#86, RAN1 reaches the following agreements of beam management and CSI acquisition for the study and design on NR multi-antenna schemes [1]:
· 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)
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· 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
· A simplified CSI acquisition framework should be studied in NR, which could support
· CSI measurement based on CSI-RS (if supported)
· Implicit and explicit CSI feedback
· CSI acquisition based on different degree of reciprocity
· Other features to be supported
In [2] and [3], we have given a high-level description and some detailed proposals on the design concepts of multi-level and multi-component CSI acquisition for NR MIMO. In this contribution, we discuss more detailed design on beam selection and CSI feedback as well as their relationship.
2. Multi-level and multi-component structure for beam selection and CSI acquisition 
2.1 Overall structure
For NR MIMO, hybrid beamforming, which combines digital baseband beamforming and analog RF beamforming, is a potential technology considering different aspects including performance, cost, overhead and flexibility [3]. The general structure of hybrid beamforming is depicted in Fig. 1.


Fig. 1 Hybrid beamforming
As shown in Fig. 1, digital beamforming FBB maps data streams to ports, and analog beamforming FRF maps the signal in each port to antenna elements. To acquire the best beamforming, gNB and UE need to perform hybrid beam selection.  Due to the constraint that the same analog beam is applied to each TXRU in a panel  across the entire bandwidth, multiple OFDM symbols are required to switch analog beams in each panel. Moreover, as digital beams can be configured flexibly in the frequency domain, multiple sub-bands are required for sub-band CSI acquisition. Hence the RS should be configured in multiple time/frequency resources to acquire accurate CSI.
In NR, the design of multi-components and multi-level CSI measurement and feedback can be considered to obtain the final CSI by selecting and merging these component CSIs. 
2.2 Multi-components CSI
NR can define some basic CSI components and these components should have good support for joint operation. The gNB configures multiple component CSIs, different component CSIs corresponds to the channel condition of different rays/virtual sectors/TPs. Based on these component CSIs, the gNB can decide the number of transmission layers and the transmission scheme of each layer flexibly, and each layer can correspond to one or multiple rays/virtual sectors/TPs. Alternatively, gNB can configures multiple component CSIs, with some of the component CSIs corresponds to base band beams and the others corresponds to RF beams. To achieve the appropriate MIMO beamforming and multiplexing gain, gNB can choose to utilize RF beams, baseband beams or a combination of RF and baseband beams for transmission according to these component CSIs. 
Different CSI components can also correspond to different antenna groups. One well known way to group antennas is horizontal antennas and vertical antennas. If the antennas are dual-polarized, the CSIs in horizontal and vertical domains can be combined to form the final CSI. Moreover, horizontal antennas and vertical antennas can be further classified into multiple antenna groups and each of the groups corresponds to a CSI component. Different CSI components can correspond to the same channel part but have different interference assumption. The network can decide which CSI component reflect the actual channel condition according to scheduling results and utilize to guide MIMO transmission. gNB can also merge multiple CSIs to obtain the CSI for MIMO transmission.  The advantage of component CSI is that it can be used to guide MIMO transmission directly or merged to obtain more accurate or more complicated CSI information. The CSI information provided by component CSI can also be merged with the channel information gNB acquires via channel reciprocity. There can also be redundancy in the information from different CSI components. High redundancy can be adopted for better robustness while low redundancy is used to optimized feedback efficiency. The structure of CSI components and how to merge information from different CSI components could be the research topic of NR MIMO. 
Note that multi-component CSI is similar to multiple CSI processes in some cases.   Compared to multiple CSI processes, the design of multi-component should be more flexible to support dynamic configuration of CSI components e.g. in the self-contained structure.  Therefore, it can be seen as there is basically no limitation on the number of CSI components.
CSI component should have good scalability, includes scalability in accuracy and scalability in the dimension of CSI. To further improve the flexibility and scalability, each CSI component should also support multi-level feedback.  The key difference between multi-component and multi-level is that multi-level considers different levels of granularity and the formation of the current level is based on upper level.  Multi-level design can enable efficient adaptation in terms of both reference signals and CSI feedback overhead to different requirements in CSI granularity.  
2.3 Multi-level CSI
Multi-level can refer to different levels of beam granularity, frequency granularity, etc. In details, for the case that multi-level refers to different level of CSI granularity, the following three-level structure is recommended:
Level 1: Coarse beam selection 
Due to the high path loss and penetration loss of the HF channel, beam selection should be performed starting from initial access. In our companion contribution [4], the beam selection design for initial access is discussed and analyzed. After initial access, gNB has acquired coarse beam information for the UE, which can be regarded as the first level CSI. 
Level 2: Beam refinement
The second level CSI is beam refinement. Specifically, gNB and UE perform finer beam selection based on the results of the coarse beam information. 
Level 3: Further CSI acquisition
After the UE feeds back the fine beam information, gNB configure reference signals for further CSI, such as channel quality, channel matrix, channel rank and so on, which can be seen as the third-level CSI.  Depending on the use cases, this level may also refer to further beam refinement/tracking.
The multi-level structure increases the efficiency of beam selection. In the level-1 coarse beam selection and level-2 beam refinement, the total number of beams to be selected can be decreased compared with the one level beam selection to achieve the same fine beam. The beam selection efficiency is critical in NR since the beam selection procedure costs multiple resources as analyzed above. Furthermore, we discuss the detailed design of the beam selection procedure and level-3 CSI acquisition in the next sub-section. 
Proposal 1：Support multi-level and multi-component CSI for NR MIMO.

Multi-level CSI acquisition
Based on the illustration above, the first and send level CSI focuses on the acquisition of hybrid beams with multi-level granularity. On the other hand, the third level CSI acquisition deals with how the beam information is utilized to obtain further CSI. If the third level CSI and the beam information are jointly optimized, the overall CSI acquisition will be robust, accurate and efficient. Hence the key problem is how the beam acquisition cooperates with further CSI acquisition in NR MIMO.
One simple approach to cooperate the beam acquisition and further CSI acquisition is Class B K>1 in LTE Rel-13. K CSI-RS resources are configured by the network and measured by the UE. Then UE feeds back the selected CRI and the corresponding PMI/CQI/RI. This approach is simple by performing beam information feedback and further CSI feedback in the same stage. However, it is not flexible enough since the number of CSI ports for each resource is determined by the network and the UE only feeds back one resource. Another approach is the hybrid CSI-RS approach discussed in LTE Rel-14 currently. For hybrid CSI-RS with Class B K>1 and Class B K=1, CRI is reported in the first stage, and further PMI/CQI/RI is reported in the second stage. In this approach, only the best beam is reported in the first stage, so the network cannot acquire the full knowledge of UE’s beam information. Hence the performance of the joint optimization of this two-stage CSI feedback is constrained. 
We propose a method for joint optimization of beam acquisition and further CSI acquisition in Fig. 2. 


Fig. 2 Joint optimization of beam acquisition and further CSI acquisition
It follows the steps as shown in Fig. 2:
· gNB configures multiple resources for RS to acquire beam information firstly. 
· Then UE feeds back one or more beams based on the measurement of multiple beams. UE also reports the beam grouping information of the Tx beam, the grouping criteria can be different Rx beams, different channel properties, QCL information and so on.
· After collecting the beam information from multiple UEs, the gNB configures the RS for further CSI flexibly. The configuration of the RS for further CSI can be associated with the feedback, and the gNB also has the flexibility to adjust. 
· Then the configured RS is sent for further CSI. Meanwhile, gNB indicates UE the configured RS is associated with which reported beam group(s).
· Moreover, after the gNB has already got the beam information of different UEs, it can perform user scheduling and MU pairing based on the beam information. As a matter of fact, in this way, beam information is used to increase the MU performance, whereas further CSI is used to optimize the performance for each user.
Proposal 2: NR should support joint optimization of beam acquisition and further CSI acquisition in the multi-level CSI framework. 

Beam selection
In the above multi-level CSI framework, the first and second levels involve beam selection. The most straightforward way to select beams is based on the criteria of best-M RSRP. Specifically, the TRP transmits beamformed RS in one or more RS resources. Subsequently, UE measures RSRP of the configured resources and feedback the selected beams with the best-M RSRP. However, the following issues can be identified if only this direct measurement and report approach is supported.
1. Unfavorable for further CSI acquisition: In the multi-level CSI framework, beam selection results have a significant impact on the CSI acquired in the 3rd level since the gNB configures the precoding and RS resource for the 3rd level CSI based on the beam selection results. On the other hand, some CSI feedback schemes have particular requirement for the selected beams. For example, linear combination based feedback mechanism is a potential technique to give a better characterization than the legacy implicit feedback mechanism. Moreover, as pointed out in several contributions [7][8], linear combination feedback with orthogonal beams selected performs much better than the one with non-orthogonal beams selected. Hence, to employ the linear combination based CSI feedback mechanism in the multi-level based CSI feedback, UE’s report on beam selection should contain the information of orthogonal beams at least. However, if the UE just feeds back the beams with best-M RSRP, the gNB may have trouble to find orthogonal beams based on the feedback.
2. UE’s incorrect decision on beam selection: Due to the multipath channel propagation feature and beam width, in the UE side, the observed best beams are adjacent and correspond to the same Tx beam in some cases. Hence UE may make an incorrect decision if the feedback is only based on the best-M RSRP.
The above issues appear in both the 1st level and 2nd level beam selection procedure. They may be more significant for the 1st level since the gNB has no prior information on UE’s preferred beams. One approach to solve this issue is to constrain UE’s behavior on beam measurement. Spatial restriction on beam measurement is an efficient approach to set this constraint. For example, the spatial restriction can be applied to constraint the UE to measure and report orthogonal beam group or other beams with particular requirements to solve the first issue. On the other hand, spatial restriction can be applied to constrain the UE only report one beam in a group of adjacent beams to solve the 2nd issue.
Proposal 3: NR should study beam measurement and selection based on both best-M RSRP and spatial restriction or beam grouping based on orthogonal basis.

3. Conclusions
In this contribution, we discuss the detailed design of the feedback schemes for the multi-level and multi-component CSI. Based on the discussion, we have the following proposal.
Proposal 1：Support multi-level and multi-component CSI for NR MIMO.
Proposal 2: NR should support joint optimization of beam acquisition and further CSI acquisition in the multi-level CSI framework.
Proposal 3: NR should study beam measurement and selection based on both best-M RSRP and spatial restriction or beam grouping based on orthogonal basis.
4. References 
[1] Chairman’s notes, 3GPP RAN1#86
[2] R1-164297, “Consideration on CSI measurement and feedback for NR MIMO”, ZTE, 3GPP RAN1#85
[3] R1-164296, “Discussion on beamforming architecture for NR MIMO”, ZTE, 3GPP RAN1#85
[4] R1-166418, “Design considerations for DL sweeping time interval in NR”, ZTE, 3GPP RAN1#86
[5] R1-166218, “Aperiodic CSI for NR MIMO”, ZTE, 3GPP RAN1#86
[6] R1-166213, “Reference signal design for NR MIMO”, ZTE, 3GPP RAN1#86
[7] R1-167645, “W1 design for implicit advanced CSI reporting”, Ericsson, 3GPP RAN1#86
[8] R1-1611419, “Linear combination based CSI report for NR MIMO”, ZTE, 3GPP RAN1#87
[9] R1-1608665, “Beam grouping for beam management”, ZTE, 3GPP RAN1#86bis


image3.emf
BS UE

Configure the 

RS for beam 

acquisition

Send RS for beam acquisition

Measure beam 

information

Report one or more beams

Schedule and 

configure RS 

for further CSI 

based on beam 

feedback

Send RS for further CSI

Measure for 

further CSI

Report further CSI

Combine beam 

information and 

further CSI

Data transmission


oleObject2.bin
�

�

BS


UE


Configure the RS for beam acquisition


Send RS for beam acquisition


Measure beam information


Report one or more beams�

Schedule and configure RS for further CSI based on beam feedback


Send RS for further CSI


Measure for further CSI


Report further CSI


Combine beam information and further CSI


Data transmission



image2.emf
MIMO 

Channel H

F

RF

Pannel

.

.

.

TXU

.

.

.

TXU

Tx Antenna 

Element 

.

.

.

.

.

.

F

BB

F

RF

Pannel

.

.

.

RXU

.

.

.

RXU

.

.

.

.

.

.

W

BB

Rx Antenna 

Element 

Data


oleObject1.bin
Pannel


...


TXU


...


TXU


Tx Antenna Element 


...


...


FBB


FRF


MIMO Channel H


FRF


Pannel


...


RXU


...


RXU


...


...


WBB


Rx Antenna Element 


Data



