[bookmark: Source]3GPP TSG RAN WG1 #88	R1-1702611
February 13th - 17th, 2017
Athens, Greece
 
Agenda item:	8.1.2.3.3
Source: 	Qualcomm Incorporated
Title: 	On Type II CSI Feedback
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
For Type II CSI feedback, following was agreed in RAN1 #AH1_NR [1]:
· Support at least one scheme taken from Category 1, 2, and/or 3 for Type II CSI
· Possible down selection can be performed throughout Phase I WI
· If more than one schemes is supported, these schemes should be complementary
· This includes further refinement within each category
· Note: other schemes within each category are not precluded
· Descriptions for Category 1 and 2 are given in the following slides
· For the purpose of summary in TR38.802
· Category 1: precoder feedback based on linear combination codebook
· Dual-stage W = W1W2 codebook 
· W1 consists of a set of L orthogonal beams, e.g. 2D DFT beams
· The set of L beams is selected out of a basis, e.g. oversampled 2D DFT beams
· Beam selection is wideband
· W2: L beams are combined in W2 with common W1
· Subband reporting of phase quantization of beam combining coefficients
· Beam amplitude scaling quantization can be configured for wideband or subband reporting
· Category 2: covariance matrix feedback
· A quantized/compressed version of covariance matrix is reported by the UE
· Quantization/compression is based on a set of M orthogonal basis vectors
· Reporting can include indicators of the M basis vectors along with a set of coefficients
· FFS: basis set 
· Category 3: Hybrid CSI feedback 
· Type II Category 1 or 2 CSI codebook can be used in conjunction with LTE-Class-B-type-like CSI feedback (e.g. based on port selection/combination codebook)
· The LTE-Class-B-type-like CSI feedback can be based on either Type I or Type II CSI codebook
In this contribution, we share our views on Type II CSI feedback of NR-MIMO.
Type II CSI categories
As mentioned in [1], 3 categories of Type II CSI reporting were proposed.  In Category 1, the codebook is similar to the codebook of advanced CSI reporting in Rel-14 eFD-MIMO. Within the codebook, W1 and W2 characterize wideband/long-term and subband/short-term channel information, repsectively.  The structure and the resolution of W1 and W2 have a significant impact on the overhead and performance.  The CSI feedback in Category 1 is essentially the so called implicit feedback, i.e., the CQI corresponds to the data rate that can be supported based on the UE RX processing capability when the precoding matrix indicated by PMI/RI is applied.  The main advantage of such implicit feedback is that the UE RX processing capability can be implicitly reported to the gNB and there’s no ambiguity regarding the rate suggested by UE.  NR-MIMO should leverage such implicit feedback mechanism for Type II CSI reporting. 
Category 2, which includes covariance matrix in the feedback, has shown promising gain with some additional overhead compared to precoder feedback.  However, the CQI and/or RI are not well-defined for covariance matrix feedback.  It could be a problem, if Category 2 CSI is configured to a UE standalone.  Since the covariance matrix feedback is typically a wideband reporting, it is equivalent to a W1 feedback with multiple eigenvectors.  The associated CQI/RI can be obtained by the W2 which is based on either a linear combination or a selection of eigenvectors to build up the final precoder.  In fact, hybrid CSI reporting, where W1 and W2 are derived separately based on different CSI-RS resources, shall be considered as a typical use case of Category 2 Type II CSI.
Category 3, which incorporates higher resolution CSI for hybrid-CSI reporting.  The long-term feedback of W1 can be based on either UE reporting, or UL/DL reciprocity.  W2 may include port selection and combination within the subspace associated with the beamformed CSI-RS.  To our understand, however, the W1 and W2 in Category 3 can simply share the same definition as those in Category 1, but the calculation can be based on a different set of CSI-RS resources.  The necessity of introducing a separate codebook or feedback design in terms of Category 3 is unclear thereafter.
Proposal 1: Both precoder and covariance matrix feedback of Type II CSI need to be supported.
Proposal 2: If a UE is configured with a Category 2 reporting, an implicit CSI feedback (either Type I or Type II Category 1) is needed for CQI/RI reporting.
Proposal 3: Category 3 shares the same codebook as Category 1.  The W1 and W2 are derived based on different CSI-RS resources.
More details in Category 1 feedback 
For gNBs with large antenna arrays, beamforming gain as well as system performance are expected to be largely improved with the help of a higher resolution precoder feedback.  Such precoder feedback is usually expressed in a reduced spaced representation, i.e., use the projection of the channel to a set of DFT beams to compress the channel, to achieve the tradeoff of performance and overhead.  As listed in [1], 5 different feedback schemes were proposed, but more details need to be further studied/refined.  In summary, all 5 schemes assume as a two stage W1/W2 precoder structure, where the beam basis for compressed channel is modeled in W1 and the power/phase after channel compression is modeled in W2 and/or W1.  We further compare the major differences of each scheme in Table 1.  
Table 1. Differences of schemes in Category 1 for precoder feedback.
	
	Scheme1-1
	Scheme1-2
	Scheme1-3/1-4
	Scheme1-5

	Beam basis 
	Wideband with orthogonal DFT beams, # beams = 2,3,4,[6,8] , same beams on X-pol
Beams are selected within unrestricted orthogonal beam group
	Same as Scheme 1-1 except:
DFT beams are per port-group(2 groups on either 1st/2nd dimension) 
	Scheme1-3: wideband reporting of orthogonal beams
,
Scheme1-4: wideband reporting of non-orthogonal beams

	Same as Scheme1-1 except beams are selected within restricted beam group

	Power weight
	Wideband or subband report
Same or different weight on polarization and/or layers
	Wideband or subband report
Same or different weight on port-groups and/or layers
	Subband report
Different per polarization and layer 
	Subband report
Different per polarization and layer

	Phase weight
	Subband report 
Different per polarization per layer
	Subband report 
Different per polarization per layer
	Subband report 
Different per polarization per layer
	Subband report 
Different per polarization per layer

	# Rank
	<=2 
	<=2
	Unrestricted(>2)
	Unrestricted(>2)



Among these schemes, scheme1-1 can be served as a baseline of the codebook structure.  We further analyze and simulate on the details of the codebook construction such as beam number down selection, power/phase weighting based on scheme 1-1 thereafter.
Number of beams in basis
The beam basis number may have a large impact on the system performance.  Ideally, if  orthogonal beams are served as basis, which spans the entire transmit subspace, the precoder will be equivalent to non-compressed channel feedback and the best performance can be expected.  Nevertheless, with the practical constraint of both UE complexity and feedback overhead, it is infeasible to support such optimal precoder feedback.  A reduced representation of the channel is therefore a necessity.  On one hand, with the sparsity of the MIMO channel, the use of a small number of the orthogonal beams is sufficient to represent channel characteristic. On the other hand, the utilization of oversampling can also effectively reduce the required number of beams.  In Rel-14 advanced CSI codebook design, a 2-beam basis can be specified due to the overhead constraint on PUCCH.  In NR-MIMO, an extension on beam number could be supported if an larger payload size is allowed for UCI.  In [1], {2, 3, 4, [6, 8]} beams are considered for Type II CSI reporting.  We investigate the impact of number of beams on performance by system simulation, as shown in Figure 1.
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Figure 1.  System performance gain with different number of beams in basis
In the simulation, the LTE Rel-13 Class A codebook with Config 2 is chosen as the baseline.  Unquantized power and phase is assumed for Type II CSI with different beams for combinations.  As shown in Figure 1, we observe that the performance is improved with larger number of beams in basis.  However the increment of the performance is non-linear with the number of beams.  For {2, 3, 4, 6} beams basis, the cell edge gain is 49%, 64%, 77%,80% each, whereas the overhead is almost linearly increased with number of beams.  Therefore, a maximum of 4 beams basis is sufficient for 16 port or even 32 port Type-II CSI codebook. 
Observations 1: For Category 1 Scheme 1-1, increasing the number of beams in basis from 4 to 6 brings marginal gain in system performance.
Proposal 4: Support no more than 4 beams in basis for Category 1 Scheme 1-1 for performance and overhead tradeoff.
Power weighting method
It was agreed that in Scheme 1-1 per beam/polarization/layer power weighting is considered, whereas common power per polarization and/or layer can be considered as well.  Besides, the subband or wideband reporting of power weighting may be configured or down selected. 
In advanced CSI of LTE, wideband with common power weighting per polarization and layers is considered.  One of the key assumption there is that power weighting, which reflects the projection of power for each DFT beam, is in general a wideband characteristic rather than subband, since the DFT beams are selected in W1.  It is shown in Table 2 that subband reporting of power provides gains over wideband reporting, at the price of significant increase of overhead. It’s worth noting that 9 subbands for 10 MHz transmission is based on LTE numerology.  For even larger bandwidth in NR, more subbands require even larger overhead for power reporting.  Meanwhile, per polarization and per layer feedback of power will also double the overhead requirement, however, the difference can be insignificant as compared with subband reporting.  Hence, for Type II CSI reporting, we propose to adopt a layer-common wideband power weighting.
Table 2. Power weighting methods comparison, 2 bit per element quantization
	
	Wideband
Common per pol. Common per layer
	Wideband
Different per Pol. Common per layer
	9 Subband
Different per Pol.  Common per layer
	9 Subband
Different per Pol.  Different per layer

	Overhead [bits]
	6
	14
	126
	252

	Cell edge gain
	33.7%
	42.8%
	47.2%
	51.3%

	Cell median gain
	27.6%
	30.3%
	32.5%
	34.8%

	Cell average gain
	20.1%
	20.8%
	22.4%
	25.1%


Observation 2: Subband power weighting results in a significant increase in feedback overhead.
Proposal 5: Adopt a layer-common wideband power weighting for Type II CSI reporting.
Power and phase quantization
To study the performance gain at different quantization levels, system simulation has been performed.  Here 3 or 2 bit quantization per element is evaluated for both power and phase. As shown in Figure 2, around 5%~15% cell edge performance gain is achieved with 3 bit phase quantization over 2 bits.  It results in about 1.5 times of total overhead increase since the subband reporting of phase dominates the overhead.
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Figure 2. System performance with different quantization bits @ 16 port, 3D-UMi.  (X, Y) denotes the per-element quantization resolution: X-bit for power weighting and Y-bits for phase quantization.
Observation 3: Performance is improved with large quantization bits for both power and phase. 
On the other hand, the capability of UCI payload determines the affordable amount of Type II CSI.  It was agreed in [1] that the maximum number of coded bits for uplink control information is in the range [1024, 2048].  That means the payload size is limited by 341~682 bits, if a rate 1/3 coding is enabled.  Configurable codebook parameters such as number of beams, power/phase quantization levels may be supported for Type II CSI.  Further study on the codebook parameters configuration methodology, such as static or semi-static configuration, is needed.
Observation 4: Total number of quantization bits should be design to facilitate UCI payload size in PUSCH/PUCCH.
Proposal 6: Configurable codebook parameters such as number of beams, power/phase quantization levels may be supported for Type II CSI. 
High rank support in Type II CSI 
[bookmark: _GoBack]CSI with high rank support allows achieving higher spectrum efficiency by scheduling higher-order spatial multiplexing.  It is specified that up to rank 8 is supported for LTE Class A codebook.  In eFD-MIMO advanced CSI reporting, up to rank 2 is supported.  In NR, Category 1 Schemes 1-1 and 1-2 can support up to rank-2, while there’s no restriction on number of ranks to be supported in Schemes 1-3, 1-4, and 1-5. 
Recall that the initial motivation of higher resolution CSI is to improve MU-MIMO performance.  In MU multiplexing, introducing larger than rank 2 for a single user is not expected to achieve significant performance gain. Besides, channel with rich scattering are generally required for high rank UE.  The codebook design, which is to be specified in Type I CSI reporting, should include multiple orthogonal beams for different layers.  The channel scattering is partially captured by multiple beams already, and Type II CSI reporting with high rank capability may provide limited gain for SU-MIMO thereafter.  Moreover, the overhead is almost increased linearly with the number of rank, which is a non-negligible issue for high rank support in Type II CSI reporting.
Proposal 7: Type II CSI supports up to 2 layers at least in NR Phase 1.
 Conclusion 
In this contribution, we discuss views on Type II CSI feedback.  Our proposals are summarized as follows.
Proposal 1: Both precoder and covariance matrix feedback of Type II CSI need to be supported.
Proposal 2: If a UE is configured with a Category 2 reporting, an implicit CSI feedback (either Type I or Type II Category 1) is needed for CQI/RI reporting.
Proposal 3: Category 3 shares the same codebook as Category 1.  The W1 and W2 are derived based on different CSI-RS resources.
Proposal 4: Support no more than 4 beams in basis for Category 1 Scheme 1-1 for performance and overhead tradeoff.
Proposal 5: Adopt a layer-common wideband power weighting for Type II CSI reporting.
Proposal 6: Configurable codebook parameters such as number of beams, power/phase quantization levels may be supported for Type II CSI. 
Proposal 7: Type II CSI supports up to 2 layers at least in NR Phase 1.
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Appendix: Simulation Assumptions 
	Parameter
	Value

	Layout
	57 cells wrap-around

	Scenario
	3D-UMi ,200m ISD

	System bandwidth
	10MHz

	Carrier frequency
	4GHz

	BS antenna configuration
	 (M,N,P,MTxRU,NTxRU) = (8,4,2,2,4) 

	Oversampling
	(4,4) on H/V

	UE antenna configuration
	2RX with X-Pol

	UE mobility 
	3km/h

	Traffic model
	FTP Model 1, 500kB packet size

	Packet arrival rate 
	λ= 4.0 for 16 port

	MIMO configuration
	SU/MU-MIMO adaptive

	MU-MIMO precoding
	SLNR precoding

	Scheduling algorithm
	Proportional fair scheduling 

	Receiver
	MMSE-IRC receiver

	Transmission rank
	Rank 1, Rank2 adaptive
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