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Introduction
At the RAN1 #89 meeting [1], CSI feedback Type I and Type II were 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 are 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


At RAN1#90 meeting [3], there was discussion on CSI reporting and the agreements are captured as followings:
	Agreements:
· Periodic CSI reporting is carried at least on 
· Short PUCCH 
· Long PUCCH
· FFS whether in single-slot only or in multiple slots
Agreements:
· Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH
· Type I subband CSI can be carried on either one of PUSCH and long PUCCH
· Type II CSI is carried at least on PUSCH
· FFS CSI on PUCCH



In this contribution, we discuss the Type II CSI feedback components and corresponding overhead for each component. Based on the overhead calculation, we give our views on feedback overhead reduction scheme. Potential CSR (Codebook Subset Restriction) scheme is discussed in this contribution to mitigate inter-cell interference.
Considerations on Type II CSI feedback 
2.1  Feedback components and overhead for each component 
According to the codebook design for Type II CSI [4], at least the following components should be involved in CSI reporting to acquire complete CSI for Type II CSI feedback: RI (Rank Indicator), PMI (Precoder Matrix Indicator), RPI (Relative Power 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, RPI indicates the power level with respect to reference one, CQI is calculated conditioned on RI, PMI and RPI.
Proposal 1: For Type II CSI reporting, support at least the following components: RI, PMI, RPI and CQI.
In the codebook design for Type II CSI [4], feedback frequency granularity was considered, one example of overhead calculation was provided, which is summarized in Table I. In the overhead calculation in Table I, subband CQI with 4 bits per subband is assumed. WB means wideband while SB means subband. According to the codebook design, for antenna ports layout (N1, N2) = (4, 4), the oversampling factor is (O1, O2) = (4, 4).
Table I Overhead for each component of Type II CSI reporting
	Single panel
	Overhead (bits)

	Parameters
	RI
(WB)
	
	PMI1
(WB)
	RPI 
(WB)
	Total
(WB)
	PMI2 (SB)
	RPI
(SB)
	CQI
(SB)
	Total
(WB+SB)

	=
(4,4)

=
(4,4)
	1
	RI=1
	L=2
	13
	9
	23
	9
	3
	4
	183

	
	
	
	L=3
	17
	15
	33
	13
	3
	
	233

	
	
	
	L=4
	18
	21
	40
	19
	5
	
	320

	
	
	RI=2
	L=2
	15
	18
	34
	18
	6
	
	314

	
	
	
	L=3
	20
	30
	51
	26
	6
	
	411

	
	
	
	L=4
	21
	42
	64
	38
	10
	
	584



[bookmark: _GoBack]From the overhead calculation in Table I, it can be observed that, for beam selection, i.e., wideband PMI feedback, needs up to 13 bits for 2 beams combination, while wideband PMI needs 21 bits for 4 beams combination. On wideband, besides beam selection, there is payload requirement for amplitude quantization for each beam on each polarization except for the reference one, which needs up to 42 bits for 4 beams combination case. For subband components reporting, up to 52 bits are needed, including subband phase, co-phase, subband amplitude and subband CQI reporting. In total, for once complete Type II CSI reporting, up to 584 bits are needed.
2.2  Feedback resources for Type II CSI feedback 
In LTE, advanced CSI reporting is supported on both PUCCH and PUSCH. For PUCCH based periodic advanced CSI reporting, only Mode 1-1, i.e., wideband CQI feedback is supported for purpose of overhead reduction. For PUSCH based feedback, there is no such overhead restriction and Mode 1-2, 2-2, 3-1, and 3-2 are both supported [5]. With respect to LTE advanced CSI reporting, overhead of PMI and RPI for Type II CSI reporting increase a lot due to up to 4 beams combination and more precise amplitude and phase quantization are supported. Moreover, the overhead for PMI and RPI may vary for each antenna port layout because the combination beams number can be 2,3 or 4, thus the payload for subband phase and amplitude feedback may vary because the beam number range from 2 to 4. From Table I, it can be observed subband phase payload varies from 9 bits to 38 bits.
In NR, CSI reporting can be supported on PUCCH and PUSCH considering the requirement of robustness and overhead. For PUCCH based feedback, both short duration PUCCH and long duration PUCCH are supported. Short duration PUCCH contains 1 ~ 2 symbols, long duration PUCCH contains 4 ~ 14 symbols. Based on the overhead calculation in Table I, it is hard to support all the components fed back in one shot for PUCCH based feedback. And based on the analysis above, the overhead for PMI varies a lot. Considering the capacity of PUCCH and payload variation of PMI in Type II CSI feedback, feeding back part of the complete information on PUCCH is one choice. For instance, RI and wideband RPI can be feedback on PUCCH in one instance, while other components can be separately in other instances on PUCCH. By this way, the payload for each instance come even. Another choice is reporting part of the CSI, e.g., RI and RPI on PUCCH, while remains CSI information is fed back on PUSCH. We would like to report RI and RPI on PUCCH, so that the information can help gNB to allocate resource size for PUSCH based reporting. By this manner, the overhead for PUSCH can be adaptive to the information provided by PUCCH, which is beneficial for overhead reduction. Codebook sub-sampling for PUCCH based feedback can be considered for overhead reduction, but the performance loss caused by sub-sampling should be clarified. The possible feedback modes for Type II CSI feedback is summarized in Table II.
Table II Possible feedback modes on PUCCH and PUSCH
	
	Periodic
	Aperiodic
	Semi-persistent

	Short duration PUCCH
	Partial/full CSI
	-
	Partial /full CSI

	Long duration PUCCH
	Partial/full CSI
	-
	Partial/full CSI

	PUSCH
	-
	
	



In the table, partial CSI reporting on PUCCH means part CSI is feedback on PUCCH, while remaining information is feedback on PUSCH. Full CSI means all the CSI components are feedback on PUCCH, but in multiple instances.
Based on the analysis, we propose that:
Proposal 2: For Type II CSI reporting, PUCCH based periodic feedback supports at least the following components:
· RI
· Wideband RPI
2.3  Overhead reduction schemes for Type II CSI feedback
For Rel. 14 LTE advanced CSI reporting, to reduce feedback overhead, codebook design only supports 2 beams combination. For beams selection of codebook, leading beam is freely selected among all the possible beams while combined beam is selected within one fixed beam group, i.e., beam group contains at most 8 orthogonal beams. By this means, the overhead for combined beam is restricted to at most 3 bits. For further reduce overhead within one shot feedback on PUCCH, codebook subsampling was applied to W2 for rank 2 codebooks. Based on the analysis in section 2.2, there is overhead problem for Type II CSI reporting on PUCCH. In this section, we discuss the overhead reduction schemes for Type II CSI reporting.
·  Segmental Type II CSI reporting 
To reduce one instance CSI feedback payload, the potential solution can be segmental reporting. There are different kinds of segmental CSI reporting schemes which are listed as following:
· Segmental CSI reporting on PUCCH
In this scheme, complete CSI feedback can be separated into several instances, which is analogous to LTE CSI reporting. Among the instances, components should be reported following priority. For instance, RI should be reported firstly, followed by PMI and CQI. By this means, PMI overhead can be adaptive to RI value. Moreover, PMI reporting for Type II CSI can be further divided into more parts, e.g., RPI can be reported before PMI1 and PMI2, by this means, when the RPI report power zero for one beam, there is no need to further report phase information in PMI2 for this beam. This reporting type is illustrated in Figure 1.
· Segmental CSI reporting on PUCCH and PUSCH
As discussed in section 2.2, when support full CSI reporting on PUCCH only in single slot is difficult, PUCCH and PUSCH feedback together can be considered. In this scheme, components with higher priority like RI and RPI can be reported on PUCCH, while other information, e.g., PMI1, PMI2 and CQI can be reported on PUSCH. By this means, components on PUCCH together with components on PUSCH comprise complete CSI reporting, and PUSCH overhead can be reduced according to the information on PUCCH. 
· Segmental CSI reporting on PUSCH 
When both PUCCH and PUSCH are simultaneously configured, and higher priority information is reported on PUCCH, e.g., HARQ or SR, and PUCCH cannot support both HARQ/SR and CSI reporting, CSI information should be reported on PUSCH. In that case, Type II CSI information can also be separated into two or more parts to reduce overall feedback overhead. For instance, RI and RPI can be feedback jointly, while PMI and CQI can be feedback jointly, and the overhead of PMI and CQI can be adaptive to the value of RI and RPI, which is analogous to segmental transmission on PUCCH and PUSCH. This scheme is used in LTE aperiodic feedback, i.e., the payload of PMI and CQI is adaptive to the value of RI.
Proposal 3: Support segmental CSI reporting for Type II CSI feedback.
· Overhead reduction via feedback components priority setting
UE needs to feedback beam power information for combined beams in Type II CSI feedback, if beam power includes value zero, the beam power can be feedback before beam index feedback, e.g., beam power feedback together with RI or feedback alone but with higher priority compared to beam index feedback, which is showed in Figure 1. Either beam power is feedback together with RI or feedback alone, it is separately feedback with beam index information. By this means, if beam power for combined beam is zero, there is no need to feedback corresponding beam index, phase and co-phase information of combined beam. By adjusting the feedback priority of beam power without adding any extra payload, feedback overhead for Type II can be adaptive, which, in a manner, helps to reduce unnecessary overhead.


                      
	Fig.1(a) Beam power feedback with RI           Fig.1(b) Beam power feedback alone
	Figure 1: Beam Power feedback scheme for overhead reduction	
For 2 beams combination case, when one of the combined beam power is scaled to’0’, RPI on subband (1 bit) and phase (3 bit) for the combined beam can be reduced, which will save nearly 17% overhead. When more beams’ power level is scaled to power ‘0’, the overhead reduction ratio will be more attractive.
To verify the effectiveness of the overhead reduction scheme, we study the relationship between the combined beams with respect to the leading beam. Free selection of the combined beams is assumed. The evaluation results are shown in Figure 2, where N1 is the antenna port number in vertical dimension, N2 is the antenna port number in horizontal dimension. In the figures, leading beam is always located at position (1,1). In the evaluation, 2 beams combination is assumed and the oversampling factor (O1, O2)= (4, 4). Detailed evaluation assumptions can be found in appendix.
[image: ]
Figure 2: Beam selection probabilities for (N1, N2) = (2, 8).
From the results, we can observe that in (N1, N2) = (2, 8) case, there is up to 15% probability that the combined beam will be the same beam with the leading beam, which means that the beam power level for combined beam is zero, so the effectiveness of overhead reduction for CSI feedback should not be ignored. Separately feeding back beam power and PMI, and making the PMI payload depend on the reported beam power is an effective way for saving the unnecessary overhead.
There is one alternative solution for beam power feedback which aims for overhead reduction. For the beam with beam power zero, the case is equivalent to this beam is not used for beam combination in Type II CSI feedback, i.e., beam number is reduced. In that sense, we can consider feedback beam number instead of feedback all beam power. For instance, if the UE is expected to feedback 4 beams but two of them are scaled to beam power ‘0’, UE can feedback beam number 2 and corresponding beam indexes and phase information, which can also help to reduce payload, too. From payload perspective, beam number reporting needs at most 3 bits with 4 beams for each polarization, while wideband beam power reporting needs at least 9 bits for 2 beams combination. When the combination beam number is 4, rank 1 wideband RPI needs 21 bits. By reporting beam number, the overhead of PMI can be reduced, 
Either separately feeding back beam power with beam index or feeding back beam number information can be taken into consideration in Type II CSI feedback for overhead reduction. Based on the analysis, we propose that:
Proposal 4: Use beam power or beam number report to control the Type II feedback overhead.
CSR for Type II CSI feedback
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 and beam amplitude based CSR was brought up to reduce signalling overhead caused by huge number of W1 and W2.  For NR type II CSI feedback, the two schemes can be studied considering the feasibility, forward compatibility and overhead.
Proposal 5: For NR Type II CSI CSR, study the feasibility of following schemes:
· PMI based
· Beam based
Summary
In this contribution, we discuss the Type II CSI feedback for NR. Based on the discussion, we have the following proposals.
Proposal 1: For Type II CSI reporting, support at least the following components: RI, PMI, RPI and CQI.
Proposal 2: For Type II CSI reporting, PUCCH based periodic feedback supports at least the following components:
· RI
· Wideband RPI
Proposal 3: Support segmental CSI reporting for Type II CSI feedback.
Proposal 4: Use beam power or beam number report to control the Type II feedback overhead.
Proposal 5: For NR Type II CSI CSR, study the feasibility of following schemes:
· PMI based
· Beam based
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Appendix
[bookmark: _Ref394499956]Table A: Evaluation assumptions
	Parameter
	Values

	Scenarios
	NR Urban macro

	Traffic model
	Full buffer

	Carrier frequency
	4 GHz

	Bandwidth
	10 MHz (Downlink)

	BS Tx power
	49 dBm

	BS antenna configurations
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1),
(dH, dV) = (0.5, 0.8) 
(N1,N2)=(2,8)

	Oversampling factor
	(O1, O2) = (4,4)

	UE antenna configurations
	(M, N, P) = (1, 1, 2)

	UE number per TRP
	10 

	UE distribution 
	80% indoor, 20% outdoor

	UE attachment 
	Based on RSRP from CRS BS port 0 

	UE antenna pattern
	Omni-directional

	UE velocity
	20% Outdoor in cars: 3km/h,
80% Indoor in houses: 3km/h

	UE receiver
	MMSE-IRC

	Scheduler
	Multi-user PF scheduler

	MU dimension
	4
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Combined Beam Distribution for Scheme 4
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