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At RAN1#86bis meeting [1], it was agreed that:
· Support NR CSI-RS pattern with at least the following properties: 
· CSI-RS mapped in one or multiple [consecutive] symbols 
· FFS: At least CSI-RS located at the earlier part of a slot in some cases 
· FFS: before or after the DM-RS agreed to study in RAN1#85 
· FFS: CSI-RS located at other part of a slot 
· Working assumption: Configurable density of CSI-RS in frequency and/or time domain by UE-specific manner 
· Working assumption: CSI-RS for NR should support up to 32 ports 
· FFS: whether or not to have 32 ports codebook 
· For hybrid beam-forming, 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)
· Step 2: Port-based CSI
· Step 3: CQI 
· Note: Certain steps may be merged/reordered/repeated
At RAN1#87meeting [2], it was agreed that:
· 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. 
In this contribution, we discuss the pattern and sequence design of CSI-RS, and the configurations of CSI-RS for multi-step CSI acquisition and multi-TRP coordination.  
CSI-RS Design
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 commonalities of both functionalities, so as to simplify the 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. In addition, the CSI-RS design should consider the application in various use cases with different port number. 
Unified CSI-RS pattern
To support multiple functionalities and various requirements of usage, a unified CSI-RS pattern with a modularized structure is proposed [3][4], by aggregation of a flexible number of basic CSI-RS sub-patterns. As shown in Figure 1, a basic CSI-RS sub-pattern is composed of one OFDM symbol and may support up to 8 ports. LTE CSI-RS pattern is composed of 40 REs per LTE PRB pair, so the maximum RE number in NR CSI-RS pattern should achieve the same level or above. Taking 14-symbol NR PRB for example, NR CSI-RS should occupy at least 4 symbols per PRB for CSI acquisition. Considering the support of beam management, more than 4 symbols may also be considered especially for beam sweeping over successive symbols.
As shown in Figure 1(a)-(b), one 2/4-port CSI-RS resource is confined within one basic sub-pattern with density of 1 RE/port/PRB, same as LTE. For 8 ports, two densities can be considered to adapt to high and low channel frequency selectivity. A lower density of  RE/port/PRB can be achieved by confining one CSI-RS resource within one basic sub-pattern as illustrated in Figure 1(c), while the same density as 2 and 4 ports (i.e. 1 RE/port/PRB) can also be supported by combining two 4-port CSI-RS resources within the same or different basic sub-patterns (or symbols). Therefore, the configuration of one 2/4-port or low-density 8-port CSI-RS resource includes the port number, the location of basic sub-pattern, and the configuration within one basic sub-pattern. Similar as LTE, the CSI-RS resource with port number larger than 8 (e.g. 12, 16, 32), can be aggregated by several lower-port (e.g. 4, 8) CSI-RS resources located at the same or different sub-patterns. For example, one 12-port CSI-RS resource is aggregated by three 4-port CSI-RS resources. One 16-port CSI-RS resource can be either aggregated by two 8-port CSI-RS resources with lower density of  RE/port/PRB or four 4-port CSI-RS resources with higher density of 1 RE/port/PRB. Four 8-port CSI-RS resources from at least two sub-patterns can be selected to construct one 32-port CSI-RS resource. 
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(a) 6x 2-port CSI-RS resources                (b) 3x 4-port CSI-RS resources                   (c) 3x 8-port CSI-RS resources
Figure 1.  Basic CSI-RS sub-pattern
Proposal 1: Support a unified CSI-RS pattern constructed by a flexible number of symbols.
Proposal 2: Support following design properties of one CSI-RS resource:
· For up to 4 ports, confined within one symbol
· For 8 ports, either confined within one symbol or aggregated by two 4-port CSI-RS resources
· For more than 8 ports, aggregated by 4/8-port CSI-RS resources
The possible mapping position of CSI-RS pattern in a scheduling unit is shown in Figure 2. The aggregated basic sub-patterns placed at an earlier part of a scheduling unit can help to reduce the beam/CSI feedback latency, while placement in the later part of the scheduling unit can provide more up to date beam/CSI feedback for higher mobility. To accommodate these two different placements, a high-layer indication on whether CSI-RS is placed at an earlier or later part of a scheduling unit can be considered. The candidate symbols containing CSI-RS transmission can be configurable considering possibly different requirements of beam management and CSI acquisition, and the support of slot and mini-slot with different numbers of OFDM symbols. For beam management, one or multiple CSI-RS resources can be configured, each resource or port corresponding to a specific beam [5]. The multiplexing of the CSI-RS resources can be TDM or FDM, depending on how the beams are generated. For analog beam sweeping across symbols, TDMed resources are configured by using different basic sub-patterns. FDMed resources within the same basic sub-pattern can be configured for analog beam sweeping across panels. Both TDMed and FDMed resources within multiple basic patterns can be configured as well for hybrid beam sweeping or analog beam sweeping across both panels and symbols. As discussed in [6], CSI-RS can be shared between beam management and CSI acquisition by configuring in the same RS setting, while linked to separate CSI reporting settings for different functionalities.
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Figure 2. Examples of mapping position of CSI-RS
[bookmark: OLE_LINK10]Proposal 3: CSI-RS can be configured at an earlier or a later part of a scheduling unit.
To flexibly support various use cases with a unified CSI-RS design, configuration parameters for one 2/4/8-port CSI-RS resource preferably include the port number, the location of basic sub-pattern it belongs to, the configuration within a basic sub-pattern, density, bandwidth, periodicity and time offset. In an extreme case, gNB is capable of generating only one single beam with the desired beam width, and the CSI-RS(s) to be measured can only be TDMed. In this case, if the gNB TX beams to be measured on are only slightly different from the current serving beam, it may be okay to FDM CSI-RS and data, counting on the reliability enhancement by using a larger codeword and lower coding rate. However, if the gNB TX beams to be measured on are largely different from the current serving beam, FDM of CSI-RS and data will lead to degradations on detection performance of data transmission. For these reasons, whether data is FDMed with CSI-RS for beam management or not needs to be indicated, possibly in an implicit manner. 
CSI-RS Sequence 
Within a NR cell, a UE may be exposed to multiple TRPs or multiple beams from one or different TRPs.  The UE can be instructed to measure and report back the CSI associated with different CSI-RS ports. To provide a UE-cell-center-like experience of measurement, the mapping of TRPs and their antenna elements to CSI-RS ports is transparent to the UEs [1]. 
Therefore, flexible configuration on the CSI-RS sequence should be supported, without fixed association with a NR cell ID. Since LTE Rel-11, the pseudo-random sequence generator parameter of CSI-RS can be configured by higher layer to support flexible dynamic TRP selection. This principle should be maintained in NR CSI-RS sequence design. 
Proposal 4: CSI-RS sequence should be flexibly configured without fixed association with NR cell ID.
CSI-RS Configuration
Multi-step CSI acquisition
For link budget limited scenarios (i.e. above 6 GHz) beam-formed NR CSI-RS will be needed to enhance coverage. Additionally, when the served UE(s) also need to perform beam-forming, the CSI-RS configuration and the required resources need to take into account the beam-forming capability of the TRP and the UE(s), together with the respective number of required beam directions that need to be swept at each entities as agreed in [2].
For such scenarios, it will be very important to keep the overhead and the required resources to a reasonable level. Generally NR CSI-RS should be configured in multiple steps. Depending upon the scenarios used, these multiple steps may have different requirements and each step may have different CSI-RS configurations and respective UE feedback modes. A multi-step scheme has been agreed for hybrid beam-forming [1] which starts with a beam-formed CSI-step and then follows with digital pre-coding selection.  
We propose, however, that a more flexible way for configuring CSI-RS should be allowed. This will be especially important for beam-formed CSI-RS 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 best 3D beam, the overhead will be far too excessive. 
An example multi-step beam formed method for 3D beam-forming is shown in Figure 3, where each step corresponds to beam sweeping and measurements across a specific plane. In the first step, the TRP configures CSI-RS for UE measurements on narrow horizontal beams with the same wide vertical beam. This step could be  cell specific, UE specific or specific to a group of UEs, but needs to take into account the beam-forming capabilities of the UE(s). At least one UE selects and feeds back the CSI-RS resource(s)/port(s) corresponding to the best horizontal beam(s).  
In the second step (which is UE or UE group specific), measurements of one or more narrow vertical beam(s) are further performed using one or more selected horizontal beam(s) and the configuration again takes into account UE beam-forming. 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 3: Example of multi-step CSI-acquisition
In the above multi-step 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 (as shown) for flexible configuration of RS and CSI reporting. 
Proposal 5: A flexible multi-step CSI-RS configuration should be supported.
0. Aggregation of CSI feedback
After initial access/beam acquisition, multiple beam pair links (BPLs) are maintained between gNB and UE. When those BPLs for different users are fully or partially overlapped, the CSI-RS resource/port sharing between users can be adapted to reduce the configuration/transmission overhead of CSI-RS, as shown in Figure 4.  
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Figure 4: Example scheme of CSI-RS resource/port sharing between users
To remove the ambiguity for which CSI-RS resources/ports are shared, it would be beneficial to identity indices the shared CSI-RS resource/port between users, as illustrated in Figure 4. By this way, each user would have both shared CSI-RS and non-shared CSI-RS resources for measurement, so a single CSI feedback is needed to combine measurements of all the assigned CSI-RS resources.  Alternatively, even when there is no CSI-RS resource sharing between users, it’s beneficial to determine the UE’s receiving beam by QCL CSI-RS with other channels (PDCCH, PDSCH) when each CSI-RS resource corresponding to one BPL, so the aggregation feedback of multiple CSI-RS resource also needed.
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]Proposal 6:  A single CSI feedback derived from multiple CSI-RS resources should be supported.
In order to let UE know which receive beam should be used for CSI acquisition, it should be acknowledged to UE side before CSI-RS transmission that which BPL the CSI-RS resource/port is associated with. The indication information could be the Tx beam related index or Rx beam related index, or BPL index or QCL indication. 
Proposal 7: For CSI-RS reception, beam-related or QCL-related indication should be supported to assist UE side beamforming.
0. CSI-RS coordination among multi-TRPs
From the network perspective, CSI-RS could be UE-dedicated, UE-group shared, or cell specific. For the UE-group shared CSI-RS, a group of users residing in the same TRP may share the same CSI-RS resources. It would be beneficial if UE group or cell specific CSI-RS resources from different TRPs are coordinated to mitigate interference. This will be especially important for ultra-dense deployments and when beam-formed CSI-RS is always needed (i.e. > 6 GHz). To mitigation of interference, certain key issues need to be considered in the CSI-RS coordination schemes as follows:
1) Scheme for coordinating beam-formed CSI-RS resource among multiple TRPs, should strive as much as possible not to increase the resources needed for CSI-RS. 
2) The UEs in the coverage area of the coordinated TRPs need to be informed of the beam-formed CSI-RS configuration for the multiple TRPs.
The simplest method for coordinating UE group or cell specific beam-formed CSI-RS resources between neighboring TRPs would be to provide each TRP unique orthogonal (time/frequency/code resources) resources. However the required overhead for such a scheme would be unacceptable, especially when it is considered that the required resources for beam-formed CSI-RS for one TRP to cover all beam-formed directions is already high.
To reduce the required overhead for beam-formed CSI-RS for HF (higher frequency), it would be beneficial to utilize spatial reuse as much as possible so as to minimize the required CSI-RS resources. One simple scheme to achieve this is shown below in Figure 5. Figure 5(a) shows the spatial re-use of a first set of CSI-RS resource for non-adjacent (i.e. 120 degree separated) sectors of a TRP. Figure 5(b) shows how sets of CSI-RS resources can be coordinated with neighboring TRPs, so that, adjacent sectors use different resource sets. Each CSI-RS resource set may be mapped to different REs. This enables the UE to measure the CSI-RS of the wanted TRP as well as the interference of the neighboring TRPs. 
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[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Figure 5: Example scheme to coordinate cell specific or UE group-specific beam-formed CSI-RS
This is just one example and other schemes are of course possible. However, irrespective of the chosen scheme, the UE needs to be informed of the CSI-RS configuration of multiple TRPs. For the case that the NR system has LF assistance, the assisting legacy eNB can inform the UE the beam-formed CSI-RS configuration of multiple NR TRPs in the coverage area of the legacy eNB. For standalone NR, NR TRPs will need to signal the beam-formed CSI-RS configuration of neighboring TRPs.
Proposal 8: Low overhead schemes for coordinating the beam-formed CSI-RS between TRPs should be studied.
Conclusion
In this contribution, we discuss the design and configuration of CSI-RS for CSI acquisition. In summary, the following proposals are made.
Proposal 1: Support a unified CSI-RS pattern constructed by a flexible number of symbols.
Proposal 2: Support following design properties of one CSI-RS resource:
· For up to 4 ports, confined within one symbol
· For 8 ports, either confined within one symbol or aggregated by two 4-port CSI-RS resources
· For more than 8 ports, aggregated by 4/8-port CSI-RS resources
Proposal 3: CSI-RS can be configured at an earlier or a later part of a scheduling unit.
Proposal 4: CSI-RS sequence should be flexibly configured without fixed association with NR cell ID.
[bookmark: _GoBack]Proposal 5: A flexible multi-step CSI-RS configuration should be supported.
Proposal 6:  A single CSI feedback derived from multiple CSI-RS resources should be supported.
Proposal 7: For CSI-RS reception, beam-related or QCL-related indication should be supported to assist UE side beamforming.
Proposal 8: Low overhead schemes for coordinating the beam-formed CSI-RS between TRPs should be studied.
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