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Introduction
At the RAN1 #89 meeting [1], a package of codebook design for NR CSI Type I and Type II was agreed, which provides a good starting point for the NR CSI feedback design. It was summarized in [2] that the following codebooks are supported for NR.
· Joint proposal on codebook design for CSI reporting in all pertinent scenarios:
·  where 
· Type I single-panel (SP):
· Rank 1-2: With L=1 and 4 (but one pattern only, instead of 3 in Rel.14 LTE), rank 2 uses orthogonal beams (similar to Rel.13 LTE rank 3-4)
· Rank 3-4: With L=1 only, LTE-like design for <16 ports, LTE-like design with enhanced co-phasing across orthogonal beams for ≥16 ports
· Rank 5-8: With L=1 only, fixed orthogonal beams
· Type I multi-panel (MP):
· Rank 1-4: Extension of Type I single-panel by adding inter-panel co-phasing, either wideband or subband
· Type II single-panel (SP):
· Rank 1-2: With L=2, 3, 4. Two modes for amplitude: WB-only and SB (implemented as differential WB+SB and unequal bit allocation for K strongest coefficients out of 2L to reduce overhead), independent quantization across layers 
· Codebook for beamformed CSI-RS:
· Reuse of amplitude and co-phasing from Type II SP with  configured to enable port subset selection
· On the scheme for codebook subset restriction (CSR) for the above codebooks: 
· FFS whether a subset of codebook can be indicated to UE for CSI feedback considering adaptation to different CSI feedback payload sizes
There are several remaining issues related to the NR CSI feedback design. The first issue is the application cases for the CSI feedback. Obviously, using Type I and Type II codebook to provide a complete CSI feedback is definitely an important use case to support CSI acquisition with non-precoded CSI-RS. On the other hand, there are other use cases like CSI acquisition with beamformed CSI-RS; CSI feedback to support semi-open-loop transmission, etc. In this contribution, we discuss the possible use cases of CSI and analyze their impact to the entire CSI feedback design for NR. In our accompanying contributions, i.e., [2][3], we discuss detailed design principles to support full Type I and Type II CSI feedback.
CSI Feedback Requirements for NR
To support different operation modes of MIMO, different types of CSI is required. 
Feedback design to support full Type I and Type II CSI
[bookmark: OLE_LINK4]The targetting scenario to support full Type I and Type II CSI feedback is the case that all CSI is measured based on a single set of CSI-RS ports. Quantized version of precoding matrix or channel matrix and channel quality information is fed back to the gNB via Type I and Type II CSI. As summarized in [1], for precoding matrix quantization for Type I, PMI and RI are needed; for channel quality information quantization, CQI is needed. For Type II, for channel matrix quantization, PMI, RPI and RI are needed; for channel quality information quantization, CQI is needed. Although it is still under discussion whether and how to design the feedback to deliver different part of the Type I and Type II CSI, the design target is to provide full CSI to the gNB.
Feedback design to support semi-open loop MIMO
Support of (semi-)open-loop MIMO is necessary for specific scenarios of NR, especially for high speed scenario, etc. Corresponding RAN1 agreements named as Transmission Scheme 2 are made as [4]: 
Agreements:
· Support at least the following DMRS based DL MIMO transmissions for data in NR,
· Scheme 1: Closed-loop transmission where data and DMRS are transmitted with the same precoding matrix
· [bookmark: _GoBack]Scheme 2: Open loop and Semi-open loop transmissions where data and DMRS may or may not be restricted to be transmitted with the same precoding matrix
Considering the difference of precoding scheme and CQI calculation method, specific CSI feedback design to support semi-open-loop MIMO is necessary. Considering the compatibility with close-loop MIMO, we provide some CSI precoding and feedback design for semi-open-loop MIMO (precoder-cycling-based).
Case 1: non-precoded CSI-RS
Similar to Class-A close-loop MIMO, semi-open-loop scheme could also adopt non-precoded CSI-RS at BS side. UE side derive original channel information by detecting CSI-RS resources, and calculate RI, CQI based on pre-defined precoder cycling sets. For feedback contents, partial PMI, e.g., PMI for W1 is feedback, representing wideband information or precoder cycling set index. 
Case 2: beamformed CSI-RS
Similar to Class B K>1 close-loop MIMO, the precoder cycling could be considered as embedded in multiple beamformed CSI-RS resources for semi-open-loop MIMO. The main advantages lie in that, precoding matrix cycling could be flexibly implemented at eNB side, and cycling pattern or codebook configurations for UE are not required. In addition, this design has good compatibility with close-loop MIMO Class-B scheme, including the feedback format and UE detection behavior.
In Figure 1, one example of CSI-RS-embedded cycling is provided based on CRI feedback, i.e., eNB flexibly adopt four precoder cycling sets upon multiple CSI-RS resources within one cycling granularity. At the UE side, the most satisfying wideband CRI for feedback is derived based on detecting the dedicated CSI-RS resource. For example, the largest average power is detected upon RE resources corresponding to precoder cycling set #4, and CRI = 4 is feedback to eNB. In the following transmission, eNB utilize the cycling set #4 for data precoding.
The CSI-RS precoder and feedback contents are compared between close-loop and semi-open-loop MIMO schemes in Table 1.

Table 1   Feedback design comparison between semi-open-loop and close-loop

	
	Close-loop
	Semi-open-loop

	Non-precoded CSI-RS
	PMI, RI, CQI
	Partial PMI, RI, CQI

	Beamformed CSI-RS
	Multiple CSI-RS sets
Each CSI-RS set: same precoding for different sub-bands 
Feedback: CRI, RI, CQI
	Multiple CSI-RS sets
Each CSI-RS set: different precoding for different sub-bands 
Feedback: CRI, RI, CQI



Proposal 1: For NR semi-open-loop MIMO, precoder cycling set / pattern could be applied on beamformed CSI-RS. Unified feedback content design for close-loop and semi-open-loop MIMO could be considered.



Figure 1  CSI-RS embedded cycling and feedback design for semi-open-loop

Feedback design to support hybrid CSI
As discussed in Section 2.1, a full CSI reporting rely on a complete set of CSI-RS ports measured at once and search the codebook which provide the best quantization of the precoder or the channel matrix. In some cases, such operation may be costly. From the DL RS point of view, it a large number of CSI-RS shall be transmitted to support the full set of CSI-RS ports, this may cause a large DL overhead. From the receiver point of view, this may also lead to very high UE processing complexity and high feedback overhead. One way to resolve this issue is to introduce hybrid CSI mechanism. In LTE, two hybrid CSI mechanisms are supported, with justified performance/complexity benefit over full CSI feedback based schemes. Details of these two mechamism are provided as follows.
· Hybrid Class A (non-precoded CSI-RS based ) CSI and Class B (beamformed CSI-RS with K=1 resource based) CSI, in which non-precoded CSI-RS can be transmitted with long periodicity and beamformed CSI-RS is transmitted with short periodicity. 
· [bookmark: OLE_LINK5]Hybrid Class B (beamformed CSI-RS with K>1 resources based) CSI and Class B (beamformed CSI-RS with K=1 resource based) CSI, in which beamformed CSI-RS with K>1 resources can be transmitted with long periodicity and beamformed CSI-RS with K=1 reource is transmitted with short periodicity.

The benefits of the hybrid CSI schemes, w.r.t. performance, DL RS and feedback overhead reduction and UE complexity were thoroughly studied in Rel. 14 LTE, compared to full CSI reporting based on either Class A non precoded CSI-RS based scheme or Class B beamformed CSI-RS based scheme. Therefore, it is proposed that NR shall also support the similar mechanisms, at least for CSI Type I. It shall be further discussed how to support the hybrid operation for CSI Type II and the necessity of hybrid Type I and Type II feedback.

Proposal 2: A hybrid CSI contains at least a first CSI and a second CSI. CSI feedback contents reported for the first CSI and the second CSI does not correspond to a full Type I or Type II CSI.
Proposal 3: NR supports partial CSI feedback for hybrid CSI.
Proposal 4: Support at least hybrid CSI based on Type I codebook, i.e., hybrid Type I CSI.
Proposal 5: For hybrid Type I non-precoded CSI-RS based CSI (1st CSI) and beamformed CSI-RS based CSI (2nd CSI): the first CSI contains RI, and partial PMI (e.g., corresponding to W1); the second CSI contains RI, PMI (based on codebook for beamformed CSI-RS) and CQI.
Proposal 6: For hybrid Type I beamformed CSI-RS (K>1) based CSI (1st CSI) and beamformed CSI-RS (K=1) based CSI (2nd CSI): the first CSI contains CRI, and the second CSI contains partial PMI (based on codebook for beamformed CSI-RS) and CQI.
CSI Feedback Design Criteria
In the previous sections, several use cases of NR feedback design were discussed. As the detailed design criteria, the following aspects shall be considered. The first is of course the CSI feedback overhead, which includes the total CSI feedback payload and payload per report, if multiple reporting instances are needed. Another issue is the feedback latency. For periodic feedback, this is related to the periodicity design. For CSI feedback with multiple reporting instances, this is related to the number of reporting instances. In addition, the CSI reporting framework shall be sufficiently flexible to be easily extended for future applications. Another issue is the scope of the CSI feedback design. As discussed in the previous sections, based on the codebook design achieved by now, people can design a variety of feedback mechanisms to support closed-loop MIMO with full CSI reporting, and semi-open-loop MIMO and hybrid CSI based on partial CSI reporting. Additional DL codebook design seems not necessary for NR phase-1.

Proposal 7: No new DL codebook design for NR phase-1.
Summary
In this contribution, we discuss the overall CSI feedback design for NR. Based on the discussion, we have the following observations and proposals.
Proposal 1: For NR semi-open-loop MIMO, precoder cycling set / pattern could be applied on beamformed CSI-RS. Unified feedback content design for close-loop and semi-open-loop MIMO could be considered.
Proposal 2: A hybrid CSI contains at least a first CSI and a second CSI. CSI feedback contents reported for the first CSI and the second CSI does not correspond to a full Type I or Type II CSI.
Proposal 3: NR supports partial CSI feedback for hybrid CSI.
Proposal 4: Support at least hybrid CSI based on Type I codebook, i.e., hybrid Type I CSI.
Proposal 5: For hybrid Type I non-precoded CSI-RS based CSI (1st CSI) and beamformed CSI-RS based CSI (2nd CSI): the first CSI contains RI, and partial PMI (e.g., corresponding to W1); the second CSI contains RI, PMI (based on codebook for beamformed CSI-RS) and CQI.
Proposal 6: For hybrid Type I beamformed CSI-RS (K>1) based CSI (1st CSI) and beamformed CSI-RS (K=1) based CSI (2nd CSI): the first CSI contains CRI, and the second CSI contains partial PMI (based on codebook for beamformed CSI-RS) and CQI.
Proposal 7: No new DL codebook design for NR phase-1.
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