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Introduction
At the RAN1 #89 meeting [1], CSI feedback Type I and Type II codebook design was discussed and the agreements are captured as followings:
	Agreements:
· Slides 4 to 24 in R1-1709232 are agreed
· For slide 20, FFS whether or not support frequency-dependent parameterization and if so, the details
· FFS whether or not to further enhance analog beamforming related operations especially for >1 layers


Details of CSI acquisition was discussed and the agreements on CSI reporting resources are captured as follows:
	Agreements:
· RAN1 supports aperiodic CSI report on PUSCH, including two cases: 
· Case-1: CSI reports multiplexing with uplink data in PUSCH
· Case-2: CSI reports only in PUSCH (no uplink data)
· Note: how to multiplex UCI with PUSCH is under discussing in UCI multiplexing A.I. 
· FFS: aperiodic CSI report on PUCCH

Agreements:
· Support following features for NR CSI acquisition
· FFS Frequency domain subset restriction
· FFS on number of configurable subsets
· FFS on detailed signaling/configuration
· FFS measurement restriction of interference measurement
· FFS on measurement restriction of channel measurement 
· For time domain, measurement restriction of channel and interference measurement
· CSI reporting via short duration PUCCH
· FFS on detailed setting in CSI reporting setting
· CSI reporting via long duration PUCCH
· FFS on detailed setting in CSI reporting setting
· PUCCH reporting which is contained in a single slot
· FFS on PUCCH reporting which is contained in multiple slots


At the RAN1#AH1_NR [2], there was discussion on CSI reporting and the agreements on CSI reporting modes were captured as followings:
	Agreements:
· For periodic CSI-RS,
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Aperiodic CSI reporting is triggered by DCI
· FFS: Necessity of additional signaling with MAC CE
· For semi-persistent CSI-RS,
· Periodic CSI reporting is not supported.
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission
· Aperiodic CSI reporting is triggered by DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Necessity of additional signaling with MAC CE
· For aperiodic CSI-RS,
· Periodic [and semi-persistent] CSI reporting is not supported
· Aperiodic CSI reporting is triggered by DCI
· Aperiodic CSI-RS is triggered by DCI and/or MAC CE
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission, e.g., common DCI signaling between CSI reporting and CSI-RS transmission
· FFS: Necessity of additional signaling with MAC CE
· Note that further down selection can be done later between MAC CE and DCI in above bullets
· Note that it is possible to dynamically trigger RS and reports through links in the measurement setting


In this contribution, we discuss about complete Type I CSI feedback design for non-precoded CSI-RS (single panel) CSI feedback components, corresponding overhead calculation and feedback granularity are provided for each feedback component. Based on the overhead calculation and importance analysis, we provide views on parameter priority and possible feedback resources for each component. Potential CSR (codebook subset restriction) schemes are discussed for Type I CSI feedback in this contribution.
Type I CSI feedback considerations 
2.1 Feedback components and overhead calculation
According to the codebook design for Type I CSI [3], at least following components need to be fed back for non-precoded CSI-RS to acquire complete CSI: RI (rank indicator), PMI (precoding matrix indicator) and CQI (channel quality indicator). Among the components, RI is used for indicating the number of useful transmission layers, PMI indicates proper precoder for transmission, CQI is calculated condition on RI and PMI. Analogous to LTE, the priority of the three components should be RI>PMI>CQI.
Proposal 1: For Type I CSI reporting, support at least the following components: RI, PMI, CQI.
The codebook design considered feedback frequency granularity for each component, for instance, for rank 1 codebook, L=4 case, PMI1 indicates which four DFT vectors are selected and it should be feedback on wideband, while PMI2, that indicates which DFT vector is selected finally and add co-phase between two polarizations for the antenna ports should be fed back on sub-band. For CQI reporting, both sub-band CQI reporting and wideband reporting should be considered when two reporting granularities are needed. 
Proposal 2: For Type I CSI reporting, support feedback PMI and CQI on both wideband and subband.

Based on the codebook design, the overhead of RI, PMI and CQI is summarized in Table I. In the overhead calculation, (N1, N2) = (4,4) is assumed, where N1 is antenna port number in horizontal dimension and N2 is antenna port number in vertical dimension. According to the agreements in RAN1#89 meeting, oversampling factor is (O1, O2) = (4,4) for antenna port layout (N1, N2) = (4,4). In Table I, WB represent wideband, SB represent subband, i1,1 and i1,2 represent PMI1, i2 represents PMI2, i1,O is used for wideband beam combination selection for two layers,  is the phase between two antenna groups for rank 3 and rank 4 codebook (for ports number >=16 case). In the overall overhead calculation, subband CQI feedback, 4 bits for each CQI feedback and 10 subbands are assumed.
Table I Overhead for each component of Type I CSI reporting
	Single panel
	Overhead (bits)

	Parameters
	RI
(WB)
	
	i1,1
(WB)
	i1,2
(WB)
	i1,O
(WB)
	
	Total
(WB)
	i2
(SB)
	CQI
(WB/SB)
	Total
(WB+SB)

	=
(4,4)

=
(4,4)
	3
	RI=1
	4(L=1)
3(L=4)
	4(L=1)
3(L=4)
	-
	-
	8(L=1)
6(L=4)
	2(L=1)
4(L=4)
	4
	68(L=1)
86(L=4)

	
	
	RI=2
	4(L=1)
3(L=4)
	4(L=1)
3(L=4)
	2
	-
	10(L=1)
8(L=4)
	1(L=1)
3(L=4)
	4
	60(L=1)
78(L=4)

	
	
	RI=3,4
	3
	4
	2
	2
	11
	1
	4
	61

	
	
	RI=5,6
	4
	4
	-
	-
	8
	1
	8
	98

	
	
	RI=7,8
	4
	4
	-
	-
	8
	1
	8
	98


From the table, it can be observed that, for wideband CSI reporting, the payload is up to 11bits, for subband CSI reporting, the payload is up to 9 bit. The total overhead for wideband and subband is up to 98 bits for complete CSI reporting.
Observation 1: For Type I CSI reporting, wideband payload is up to 11bits, subband payload is up to 9 bits.
2.2 Type I CSI reporting resources
In LTE, CSI feedback can be transmitted on both PUCCH and PUSCH. Periodic CSI feedback can be carried by PUCCH to supply robust transmission and larger UL coverage. However, the capacity of periodic CSI feedback is limited by the capacity of PUCCH. Aperiodic CSI feedback can be carried by PUSCH which is triggered on demand. The capacity of aperiodic CSI feedback is not so limited as periodic feedback, but aperiodic CSI feedback may cause signalling payload when it is triggered frequently. When PUCCH and PUSCH transmission are not simultaneously configured, periodic feedback can be carried by PUSCH. In NR, short duration PUCCH, long duration PUCCH and PUSCH CSI reporting are all supported. Periodic, aperiodic and semi-persistent CSI reporting are supported for different use cases to meet different requirement, i.e., coverage, overhead, forward compatibility, and energy efficiency. Considering the supported reporting resources and feedback modes, the possible combinations for resource and reporting modes are listed in Table II.
Table II Possible feedback modes on PUCCH and PUSCH
	
	Periodic
	Aperiodic
	Semi-persistent

	Short duration PUCCH
	
	-
	

	Long duration PUCCH
	
	-
	

	PUSCH
	-
	
	



In Summary, there will be the following possible CSI reporting modes:
· Short/Long duration PUCCH based periodic CSI reporting
· PUSCH based aperiodic CSI reporting
· Short/Long duration PUCCH based semi-persistent CSI reporting
· PUSCH based semi-persistent CSI reporting
· Considerations on periodic CSI feedback on PUCCH
Short duration PUCCH contains 1 ~ 2 symbols, long duration PUCCH contains 4 ~ 14 symbols. Based on the overhead calculation in section 2.1, it is obvious that it is hard to report all the CSI components in one slot within one PRB (12 subcarriers) on PUCCH, neither short duration PUCCH nor long duration PUCCH. The possible solution can be using more PRBs, which may lead to coverage problem. In LTE, multiple instances CSI feedback scheme was applied to PUCCH based periodic feedback. When design the periodicity and offset for each reporting component, it was taken into consideration of components priority. For NR, this scheme can also be considered. We propose that:
Proposal 3: For PUCCH based periodic CSI feedback, take LTE periodic CSI feedback as baseline.
· Considerations on aperiodic CSI feedback on PUSCH
For aperiodic CSI feedback on PUSCH, information importance should be considered while the component with lower importance, e.g., CQI, has dependency on the component with higher importance, e.g., RI. When mapping the component on the PUSCH resource, the location for components should be considered, i.e., component with higher importance should have higher possibility to be correctly decoded. Besides the location, another factor should be considered in the PUSCH based reporting is forward compatibility. For further enhancement, higher ranks and more precise PMI may be designed, and for other CSI feedback scenarios, e.g., hybrid CSI feedback which contains CRI reporting. Considering that, it is better to classify the components for CSI feedback into two/or more parts, CSI reporting components with higher importance should be feedback in one part, other components are in the other part. For the part contains RI and CRI, should have relatively fixed payload, while the other part is more easily to extend.
· Considerations on semi-persistent CSI feedback 
Semi-persistent CSI reporting is one solution for balance overhead and CSI feedback effectiveness. It can be supported both on PUCCH and PUSCH, but the use case and feedback contents should be careful studied. For PUCCH based feedback and PUSCH based feedback, it can follow design principle of PUCCH based periodic CSI feedback and PUSCH based aperiodic CSI feedback. 
2.3 CSR for Type I CSI feedback
[bookmark: _GoBack]CSR is designed to reduce inter-cell interference. In LTE, CSR was realized by a series of bits, i.e., bitmap, PMI is restricted or unrestricted with the indication of the value of each bit. In LTE, for one beam selected codebook, CSR is applied to PMI1, layers and PMI2 respectively. For PMI1 and layer restriction，N1*N2*O1*O2+8 bits bitmap is adopted, which means the PMI1 restriction can be applied to all layers. For W2, CSR is applied to each layer. By combining PMI1 and PMI2 CSR restriction, which beam is restricted can be derived. In LTE advanced CSI feedback, beam based CSR was brought up to reduce overhead due to huge number of W1 and W2.  For NR type I CSI feedback, the two schemes can be studied considering the feasibility, forward compatibility and overhead.
Proposal 4: For NR CSR, study the feasibility of following schemes:
· PMI based
· Beam based
Summary
In this contribution, we discuss the Type I CSI feedback for NR. Based on the discussion, we have the following observations and proposals.
Proposal 1: For Type I CSI reporting, support at least the following components: RI, PMI, CQI.
Proposal 2: For Type I CSI reporting, support feedback PMI and CQI on both wideband and sub-band.
Proposal 3: For PUCCH based periodic CSI feedback, take LTE periodic CSI feedback as baseline.
Proposal 4: For NR CSR, study the feasibility of following schemes:
· PMI based
· Beam based
Observation 1: For Type I CSI reporting, wideband payload is up to 11bits, subband payload is up to 9 bits.
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