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1 Introduction
The following were agreed or proposed as working assumptions in RAN1-86bis [1]:

	Working assumptions:
· Beam management procedures can utilize at least the following RS type(s):

· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS

· Others are not precluded

· CSI-RS:

· CSI-RS is UE-specifically configured

· Multiple UE may be configured with the same CSI-RS

· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition

· Other RS could also be considered for beam management such as DMRS and synchronization signals
Agreements:
· At least the following RSs are supported for NR downlink 

· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management 

· FFS: RRM measurement 
· 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


In this contribution, we review principles of designing downlink reference signals and procedures for beam management.

2 CSI-RS for Beam Management
In RAN1#86bis, CSI-RS has been agreed to support both functionalities of beam management and CSI acquisition in NR [1]. Thus the design of CSI-RS should consider the requirements of the two procedures and the relationship between them. From the three steps for CSI/RSRP acquisition for hybrid beamforming discussed in RAN1-86bis [1], step 1 is essentially a beam management procedure, while steps 2 and 3 are related to CSI acquisition. In one case, beam management and CSI acquisition can be conducted as separate procedures, e.g., by selecting analog beams first and then obtaining CSI. But in another case, to achieve fast link adaption for data transmission, a joint procedure of beam management and CSI acquisition is preferred, especially when the number of analog beams to be swept is quite limited or when beam selection at the UE is correlated with rank selection. In this case, steps 1, 2 and 3 are merged into a single step, and a similar procedure as LTE Rel-13 Class B can be considered to measure the preferred beam(s) and the corresponding CSI (e.g., RI/PMI/CQI). In addition, when only digital beamforming is employed, e.g. below 6 GHz, step 1 can be skipped. The design of CSI-RS in NR should take into account the flexible support of all of the above cases.
Proposal 1: Both separate and joint procedures for beam management and CSI acquisition should be supported in NR.
In order to perform hybrid beamforming (HBF), UEs need to report beam information and CSI for multiple panels or multiple arrays of a panel to the network. In order for beam managements of multiple panels and/or arrays, corresponding sets of CSI-RSs may to be configured and sent to the UE(s). The UE(s) can then select a RS (of the selected beam) from each set of CSI-RSs. RS selection for beam training  of multiple panels/arrays need be performed jointly, and the feedback from the UE generally needs to consider various constraints, e.g., constraints related to antenna configurations and port virtualization. Furthermore, optimal beam selection is, in general, correlated with digital precoding. The UE may choose to select different beams (and hence RSs) corresponding to a particular subset of TRP antennas and UE antennas based on what antennas and what rank is being considered. An intuitive example is a UE at the bore-sight of a TRP. In this case, optimal beams selected for each antenna for a rank-1 communication is most likely the LOS direction, but using LOS beam for every panel/array results in a low rank channel for digital precoding and hence data transmission. In order to support higher rank transmission, a different set of beams (and RSs) may be selected. 
CSI reporting consists of reporting beam related information and CSI parameters by the UE to the TRP. These parameters include the preferred beams, e.g., analog beams in a hybrid antenna architecture, CQI, PMI and RI. A joint exhaustive search over all possible combinations of parameters is one way of reporting these parameters, but it imposes long delay and is computationally complex, especially when the number of analog beams and the number of panels/arrays to search are large. Also, as mentioned earlier, different ranks of transmission (i.e., different RIs) do generally correspond to different sets of preferred beams. Therefore, a two-step CSI report, where the adaptation parameters are reported sequentially, instead of jointly, can reduce the delay and unwanted overhead. A specific two-step CSI report can be considered as follows: the TRP sends beam management CSI-RSs and, in response, the UE feeds back a rank (RI) and its associated set of beams; this step is then followed by the TRP sending beamformed CSI-RSs for CSI acquisition, which uses the reported beams in first step, and then the UE reports the PMI along with the CQI. With such a two-step CSI report, a good tradeoff between performance and complexity can be achieved.
Proposal 2: For hybrid beamforming, beam selection constraints, e.g. due to antenna architectures implemented at the TRP, should be conveyed to UEs through CSI-RS configurations and CSI-RS selection constraints.
Proposal 3: A joint reporting of the RI and the preferred set of selected RS (beams) followed by a second step of reporting of PMI and the CQI over the beamformed RS achieves a good tradeoff between performance and complexity.
2.1 Unified CSI-RS pattern

To support beam management as well as CSI acquisition through CSI-RS, commonalities of the design of CSI-RS pattern for both functionalities should be strived for as much as possible, so as to simplify the CSI-RS design while making sufficient network flexibility to allow various beamforming types (i.e., analog, digital and hybrid), beam sweeping with arbitrary number of analog beams or over selected sub-bands, and separate or joint procedure of beam management and CSI acquisition. 

As discussed in [2], the design of CSI-RS for beam management and CSI acquisition may share some similarity in that CSI-RS resources confined over one or more consecutive symbols are beneficial to allow for measurement on different beams in a TDM manner and flexibility on pointing to same or different analog beams on CSI-RS and data. To support simultaneous measurement of multiple beams (by one or a group of UEs), multiple CSI-RS can be FDM configured as well as TDMed. For HF, as the configuration of 8 TXRUs mapped to one panel array at a TRP has been agreed as an evaluation option, up to 8 ports of CSI-RS can be considered as a starting point. Further study should be conducted to confirm whether a larger port number of CSI-RS is needed for HF, e.g. 16 or 32.
With such similarity, a unified CSI-RS framework with a modularized pattern structure is proposed to support beam management as well as CSI acquisition, with aggregation of a flexible number (denoted by N) of basic CSI-RS patterns. The basic CSI-RS pattern is defined for CSI acquisition without analog beam sweeping, composed of one or more consecutive symbols [3]. The aggregated basic patterns can be contiguously placed at an earlier part of a slot to achieve self-contained CSI or beam-related feedback, or at a later part of a slot so that the measurement results can be less outdated. Examples of possible pattern types are illustrated in Figure 1, taking the earlier location as an example.
For example, in a beam-management-only slot, as shown in Figure 1(a), more than one basic pattern (N>1) are aggregated, either for TRP or UE analog beam sweeping. The value of N is dynamically configured, considering the number of analog beams to be swept at different time instances. The same CSI-RS pattern and configuration method could be considered for both beam management procedure P2 and P3, but with appropriate signaling to differentiate the two procedures. The CSI-RS resources configured for beam management can be flexibly selected from all of the resources in the N basic CSI-RS patterns on demand, in FDM/TDM/CDM manner.
As another example, when a slot is configured for both beam management and CSI acquisition, separate basic patterns may be configured for the two functionalities (Figure 1(c)), especially if separate procedures are adopted for beam management and CSI acquisition. In this case, the time/frequency CSI-RS resources for beam management and CSI acquisition may be non-overlapping, in which case separate CSI-RS resources need to be configured for the two procedures. In addition, a common CSI-RS pattern for beam management and CSI acquisition may be configured (Figure 2(d)) as well, among which the CSI-RS resources can be flexibly configured for each functionality. Considering that different density and bandwidth may be used for the two functionalities, separate configurations on density and bandwidth of the CSI-RS resources for beam management and CSI acquisition need to be allowed. However, for a joint procedure of beam management and CSI acquisition similar to LTE Rel-13 Class B, the same CSI-RS resources are configured to realize both functionalities. 
To flexibly support the various use cases above, following parameters of CSI-RS configuration are preferred to be configurable, e.g., the port number, the index of basic pattern it belongs to, the configuration index within a basic pattern, density, and bandwidth. In this approach, selecting which one from the possible pattern types as shown in Figure 1 could be left to the network implementation and transparent to UE; in this case the feedback type should be indicated to UE, e.g., preferred beam(s) and/or RSRP and/or CSI. The CSI-RS resources can be semi-statically configured, or aperiodically triggered by network or UE.
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Figure 1. A unified CSI-RS framework with multiple pattern types (e.g. earlier location in a slot)
Proposal 4: For NR, support a unified CSI-RS framework constructed by a flexible number of basic CSI-RS patterns.
2.2 General framework for multi-step beam measurements 
In addition to the three agreed steps for hybrid beam-forming [1] which start with a beam-formed CSI step and follow with a digital pre-coding selection, we propose that more steps (or sub-steps) may sometimes be required and therefore a flexible way for configuring CSI should be allowed.  This will be especially important for beam-formed CSI for   the case of 3D beam-forming where the set of required directions includes both azimuth (horizontal) and elevation (vertical) directions. If the TRP transmits beam-formed CSI-RS in every possible azimuth and elevation direction for exhaustive search of the optimal 3D beam, the overhead could be too excessive. 
To achieve a good tradeoff between overhead and performance, a multi-step beam-formed CSI-RS configuration can be considered as shown in the example illustrated in Figure 2, where each step corresponds to a beam measurement across a specific plane. In the first step, the TRP configures CSI-RS for the measurement on narrow horizontal beams, together with a wide vertical beam, then UE selects and feeds back the CSI-RS resource(s)/port(s) corresponding to the best horizontal beam(s). In the second step, measurements of one or more narrow vertical beam(s) are further performed using one or more selected horizontal beam(s). The UE then reports the best vertical beam(s) and RI/CQI to assist data transmission. Each of the two steps may also have further embedded multiple steps (which may be port or beam based) in each plane to enable beam refinement at different levels. These further embedded steps may or may not require additional UE feedback and it is important that we have the flexibility to configure the UE for feedback as required
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Figure 2. Procedure of multi-step beam measurement
In the above multi-step schemes of CSI or beam measurement and reporting, configurations on CSI-RS resources for the different steps for hybrid beam-forming or otherwise should be further studied. A joint configuration has less signaling overhead; however, it is beneficial to consider separate configurations for flexible configuration of RS and CSI report. The CSI feedback type (e.g., explicit feedback, implicit feedback) in each step can be configured semi-statically or dynamically. 
Proposal 5: In addition to the 3 agreed steps for hybrid beam-forming, a flexible configuration of further beam-based or port based CSI steps or sub-steps should be studied. 

3 DMRS-assisted Beam Management
In DL beam management based only on CSI-RS, TRP can only acquire the preferred TRP beam information based on feedback from the UE. In this case, to achieve fast beam tracking, the network needs to frequently configure beam measurement, resulting in considerable CSI-RS overhead and feedback overhead.

To resolve this issue, DMRS, which is transmitted along with the data signal for users, can be considered to assist beam management. The quality of the beams currently used for data transmission can be measured accurately by DMRS measurement. By comparing the quality of current serving beam Qd measured from DMRS and that of the candidate beam Qc measured from CSI-RS, UE may only feedback the preferred beam information when Qc>Qd, which means that the candidate beams are better and current serving beams should be changed. Thus the feedback overhead can be reduced accordingly.
In the case of semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS transmission, UE may feedback the preferred beam information when Qc>Qd; otherwise, UE only sends 1-bit information to inform BS to keep the current beam for the data transmission for the UE. When aperiodic CSI reporting with semi-persistent/periodic CSI-RS, UE feeds back the preferred beam information only when Qc>Qd. 
In addition, based on DMRS, UE can also monitor the quality of the current serving beam(s). Once the UE monitors a significant drop on the serving beam(s), it may trigger a beam management procedure. 
Proposal 6: DMRS-assisted beam management should be supported in NR.
4 Conclusions
In this contribution, we reviewed principles of designing downlink reference signals and procedures for beam management. We proposed the following:
Proposal 1: Both separate and joint procedures for beam management and CSI acquisition should be supported in NR.
Proposal 2: For hybrid beamforming, beam selection constraints, e.g. due to antenna architectures implemented at the TRP, should be conveyed to UEs through CSI-RS configurations and CSI-RS selection constraints.
Proposal 3: A joint reporting of the RI and the preferred set of selected RS (beams) followed by a second step of reporting of PMI and the CQI over the beamformed RS achieves a good tradeoff between performance and complexity.
Proposal 4: For NR, support a unified CSI-RS framework constructed by a flexible number of basic CSI-RS patterns.
Proposal 5: In addition to the 3 agreed steps for hybrid beam-forming, a flexible configuration of further beam-based or port based CSI steps or sub-steps should be studied.
Proposal 6: DMRS-assisted beam management should be supported in NR.
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