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Introduction
During continuous meetings, RAN1 has achieved the flexible DL CSI framework which could be depicted in Figure 1. 


Figure 1 [bookmark: _Ref488927292][bookmark: _Ref489260159][bookmark: _Ref494269182]The CSI framework considering the resource pooling
In this contribution, we present our views on remaining issues of CSI framework. In addition, this contribution is revision from R1-1712963.
CSI Framework for Various Use Cases
Given the agreed CSI framework, we next discuss a general design principle on various use cases and then treat each use case separately.
General Design Principle
From Figure 1, one may notice that three levels of hierarchical resources are available for acquiring downlink CSI. In particular, from top to bottom, CSI resource settings, CSI resource sets and CSI resources are defined. One resource set is a set of CSI resources. Considering the resource pooling, a number of resource sets may share the CSI resources within a resource pool. The CSI resource implies RE(s) within PRB(s) to which CSI-RS port(s) maps.
From the perspective of network, it is straightforward to first configure resource settings (1st level), resource sets (2nd level) and then resources (3rd level) depending on specific use cases or scenarios. Particularly, assuming carrier aggregation (CA) supported, gNB may first configure resource settings to component carriers (CC) with 1-to-1 mapping, and configure resource sets for each component carrier and so on. But in another use case, assuming CoMP supported, gNB may first configure resource settings to transmission hypothesis within 1-to-1 mapping, and configure resource sets within each transmission hypothesis.
Let us be more specific on numbers. For CA, it is up to 32 CCs which requires 32 resource settings. For CoMP, 4 hypotheses requiring 4 resource settings may work for two transmission points with DPS, etc. Then the number of resource settings M changes in a wide range, and other parameters, e.g. S, Ks may also change accordingly.
Observation 1 : To ensure the flexible CSI framework, one may view the parameter configuration of agreed CSI framework as case-dependent. 
Furthermore, what if both CC and CoMP supported? Then which case has higher priority over the other? It might be an implementation issue from network perspective. However, it is necessary to have a general design rule striving for the agreed flexible framework. From our point of view, the top-down design, i.e. from resource settings to CSI resources, for each use case could be a reasonable choice. Hence, we have following proposal. 
Proposal 1: For each use case, the maximum numbers of M, N, L, S, Ks need to be specified separately when keeping the top-down design in mind.
Unified Beam Management and CSI Acquisition
Given the selected Tx-Rx beam pair link (BPL), one may view the BPL between gNB and UE as part of wireless channel. So it is reasonable to reuse the agreed CSI framework for beam management (BM) purpose. However, this unified framework does not necessarily imply that BM and CSI acquisition have to be carried out using exactly the same resources.
As per common understanding, BM procedures have to be executed before or simultaneously with CSI acquisition. As RAN1 already agreed, CSI-RS has two major roles in NR-MIMO. One is for BM and the other is for CSI acquisition. For CSI acquisition, we should notice the fact that CSI-RS ports measured by UE should come from the same analog Tx beam(s). If UE measures the CSI-RS ports associated with multiple swept beams, then the PMI UE calculates and reports will be mismatched with what should be used for PDSCH carried by selected/reported beam(s). Thus we have observation below. 
Observation 2 : The CSI-RS ports measured by UE for CSI acquisition should come from the same beam(s).
Though BM and CSI acquisition are treated in different sections in RAN1, one could at least imagine two methods for achieving BM and CSI, i.e. joint (1-step) method and separate (2-step) method. The 1-step method depicted in Figure 2 is analogous to Class B CSI in LTE. For instance, during the beam sweeping, 4 CSI-RS ports per CSI resource are transmitted with the same beam and 3 CSI resources constitute a CSI resource set are UE-specifically configured. UE measures all CSI-RS resources, selects the proper DL Tx-Rx BPL(s), and calculates the CSI including RI/PMI/CQI on the selected BPL(s).


Figure 2 [bookmark: _Ref489359066]Joint beam management and CSI acquisition in 1-step method
The 2-step method in Figure 3 is analogous to hybrid CSI in LTE. Particularly, in the 1st step, during the beam sweeping procedures, a number of CSI resources can be transmitted on different beams. Each CSI-RS resource contains one or two CSI-RS ports. Then UE measures the quality of each swept beam, selects proper DL Tx-Rx BPL(s) and then reports only selected BPL(s) information to gNB via CRI(s). In the 2nd step, gNB pilots one CSI resource containing multiple CSI-RS ports on the reported BPL(s) for collecting CSI.
By comparing the joint and separate BM and CSI acquisition methods, there are pros and cons. More specifically, the joint method reduces the latency by letting UE to report DL Tx beam(s) and CSI together. From the beam failure recovery point of view, this joint method reduces the delay in obtaining the CSI associated with new beam(s) via UE’s reporting new beam and CSI simultaneously. But to sweep the same number of refined beams, the joint method may cost more DL overhead when compared with separate method.
Observation 3 : Given the agreed agreements on CSI-RS design, both joint and separate BM and CSI acquisition can be supported by configuring proper CSI-RS resources.



Figure 3 [bookmark: _Ref472943800]Separate beam sweeping and CSI acquisition in 2-step method
Regarding the implementation of beam sweeping procedures, gNB may apply DFT vectors as phase shifter in radio frequency. To reduce the overhead, gNB could decompose the coverage of 3D dimension into horizontal and vertical domains. Next, regarding either joint or separate BM and CSI acquisition, we discuss the procedures in details.
For joint (1-step) BM and CSI acquisition, gNB could configure Ks CSI resources. One part of CSI resources are used for horizontal domain beam sweeping and the other part of CSI resources are used for vertical domain beam sweeping. UE measures each CSI resource for each DL Tx beam quality in horizontal/vertical domain. Then UE feedbacks the preferred beams in horizontal and vertical domain together by reporting CRIs.
Proposal 2: For joint (1-step) BM and CSI acquisition, the decomposed beam sweeping procedure, e.g. in horizontal and vertical domain can be facilitated by configuring Ks CSI resources where Ks could be greater than 8.
For separate (2-step) BM and CSI acquisition, gNB could configure two CSI resources. One CSI resource is used for horizontal domain beam sweeping and the other is used for vertical domain beam sweeping. Within each CSI resource, one or two CSI-RS ports are used for beam sweeping by associating CSI-RS port(s) to different beams. Then UE feedbacks the preferred beams in horizontal and vertical domain together by reporting port index.
Proposal 3: For separate (2-step) BM and CSI acquisition, the decomposed beam sweeping procedure, e.g. in horizontal and vertical domain can be facilitated by configuring at least two CSI resources.
Interference Measurement
For NZP CSI-RS based interference measurement, Scheme-1 and Scheme-2 are under working assumption after the 2nd RAN1 ad hoc meeting in Qingdao. In this subsection, we mainly discuss the CSI framework for Scheme-2 and more details can be found in our companying paper in [1]. 
In Figure 4, we illustrate the CSI framework of interference measurement. Specifically, network first configures NZP CSI-RS resources to UE for measuring the desire channel between serving gNB and UE. Then network may configure other NZP CSI-RS resources to UE for measuring dominant interference and ZP CSI-RS resources for measuring weak interference. Here the metric for determining an interference source as dominant or weak may depend on RSRP or FFS. 
Proposal 4: RAN1 supports at least one CSI resource set on NZP CSI-RS for dominant interference and another ZP CSI-RS resource set for weak interference measurement.


Figure 4 [bookmark: _Ref489358562]CSI framework for interference measurement
Regarding the down selection of Alt.1 and Alt.2 of following agreement, it is more reasonable for NR to support separate configurations on NZP CSI-RS resources for desire channel and interference measurement. From technical point of view, firstly the channel and interference measurement do not have to be done simultaneously. Secondly, this separate configuration maintains system flexibility. Moreover, a single CSI-RS resource for two purposes may put more calculation burden onto UE, e.g. signal detection and its corresponding cancelation. 
R1-1716788	WF on NZP CSI-RS for interference measurement	Huawei, HiSilicon, Intel, Qualcomm, Spreadtrum, vivo, Ericsson, MediaTek, OPPO
Agreement:
UE can be configured with a set of NZP CSI-RS ports for interference measurement
· Downselect in next meeting for the following schemes:
· Alt.1, a single CSI-RS resource for both channel and interference measurement
· Alt.2, separately configured CSI-RS resources for channel and interference measurement 
· UE shall assume each port in the set corresponds to an interference layer  
· Note: It is up to gNB implementation to choose the precoder to apply on the NZP CSI-RS for IM

Proposal 5: RAN1 supports separate configurations on CSI-RS resources for channel and interference measurement.
Conclusions
Finally, allow us to summary our observations and proposals as below
Observation 1 : To ensure the flexible CSI framework, one may view the parameter configuration of agreed CSI framework as case-dependent.
Observation 2 : The CSI-RS ports measured by UE for CSI acquisition should come from the same beam(s).
Observation 3 : Given the agreed agreements on CSI-RS design, both joint and separate BM and CSI acquisition can be supported by configuring proper CSI-RS resources.

Proposal 1: For each use case, the maximum numbers of M, N, L, S, Ks need to be specified separately when keeping the top-down design in mind.
Proposal 2: For joint (1-step) BM and CSI acquisition, the decomposed beam sweeping procedure, e.g. in horizontal and vertical domain can be facilitated by configuring Ks CSI resources where Ks could be greater than 8.
Proposal 3: For separate (2-step) BM and CSI acquisition, the decomposed beam sweeping procedure, e.g. in horizontal and vertical domain can be facilitated by configuring at least two CSI resources.
Proposal 4: RAN1 supports at least one CSI resource set on NZP CSI-RS for dominant interference and another ZP CSI-RS resource set for weak interference measurement.
Proposal 5: RAN1 supports separate configurations on CSI-RS resources for channel and interference measurement. 
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