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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]Based on the WID of NR MIMO enhancements for Rel-16 in RAN meeting #80 [1], Rel-16 will specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead as follows:
· Extend specification support in the following areas
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead. 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2.  
It has been agreed in previous meetings [2-3] that:
Agreement:
The study and, if needed, work on Type II higher rank extension is performed as follows:
· Only for rank 3 and 4 by taking into account the outcome of Type II overhead reduction for rank 1-2.
· Simple extension of Rel.15 Type II without any additional optimization (which results in ~3-4x overhead over rank-1) is ruled out.
Agreement: 

In RAN1 NR-AH 1901, companies are encouraged to evaluate the following alternatives for compression basis () subset selection scheme across different layers when RI=2. Select one of the following alternatives in RAN1#96: 
· 
Alt1. Basis subset selection () for the 1st is the same as that for the 2nd layer 
· 
Alt2. Basis subset selection () for the 1st can be different from 2nd layer
Assume Rel.15 3-bit amplitude and Rel.15 8PSK co-phasing for  quantization for evaluation purposes.
[bookmark: _GoBack]Only up to rank 2 is supported in type II codebook in Rel-15. However, up to rank 8 transmission per user is supported in Rel-15. That means the SU-MIMO performance will be limited by the maximal reporting rank of type II codebook. In this contribution, we will discuss whether to extend the Type II CSI feedback to rank 3/4 in Rel-16.
Probability of rank 3 and 4 for Type II CSI feedback
In NR Rel-15, up to 32 CSI-RS ports at gNB side has been supported and UEs with 4Rx are mandated to be supported in some NR bands. Fig. 1 shows the distribution of ranks of CSI reports, with the assumption of 32Tx at gNB and 4Rx at UE without any rank restriction. Simulation results show that the possibility of UE reporting rank 3 or 4 is 25%-30% for SU-MIMO in both UMa and UMi scenarios. On the other hand, for SU-MIMO case, since type II CSI feedback has higher resolution than type I, supporting rank 3 and 4 for type II can improve UE experience compared with type I CSI feedback. Therefore, the extension of type II codebook for rank 3 and 4 can be a good candidate technique of CSI feedback enhancement. 
Observation 1: The probability of UE reporting rank 3 or 4 is 25%-30% in both UMa and UMi scenarios.

[image: ]
Figure 1. Distribution of feedback ranks in UMa and UMi scenarios.
One straightforward method to design high rank codebook is to separately quantize and feedback the combining coefficients in W2 for each layer. In other words, a type-II-like codebook for rank 3 and 4 can be obtained by simply extending type II codebook design for rank 1 and 2 with each layer quantized independently and same linear combination codebook for each layer.
However, the CSI reporting overhead with simply extension of type II codebook to high rank will be doubled. Therefore, compressing the feedback overhead of high rank codebook of type-II-like should be considered. Furthermore, frequency domain compression codebook is discussed in Rel-16 [4], the extension to rank 3/4 should consider the outcome of Type II overhead reduction for rank 1-2.
Performance evaluations of codebooks with rank 3 and 4
Preliminary system-level simulation results of rank adaptation for SU-MIMO are illustrated in Fig. 2. The performance gain of type II in Rel-15 and type-II-like codebook over type I codebook in Rel-15 is shown. For the type-II-like codebook, Rel-15 type II codebook is reused for rank 1 and 2 and the design principle of R15 type II codebook is simply extended to each layer of rank 3 or 4. In the simulation, the maximum rank of type-II-like codebook is 4, while the maximum rank of Rel-15 type II is 2 as supported in Rel-15. For the baseline using type I codebook, the maximum rank of type I codebook is 4. Detailed parameters are shown in Appendix I.
It can be seen that for SU-MIMO case type II codebook in Rel-15 up to rank 2 has about 10% performance gain over type I codebook. Moreover, the performance for type-II-like codebook in Rel-16 up to rank 4 has additional 6% gain over the Rel-15 type II with maximum rank 2. Therefore it is necessary to extend type II codebook to rank 3 and 4. 
[image: ]
Figure 2. Performance comparison of type I, type II codebook in Rel-15 and type-II-like codebook in UMi scenario. 
Observation 2: Extending type II codebook with rank 3 and 4 can provide around additional 5% cell average gain compared with Rel-15 type II with rank 1 and 2 only.
Proposal 1: High resolution codebook should be extended to rank 3 and 4 in Rel-16.
Type-II codebook enhancement for rank 3 and 4
In the above sections, we have shown the benefits for type-II with extension to rank 3/4. However, considering the increment in feedback overhead, a basic principle of codebook design for rank 3/4 should be that CSI feedback overhead for rank 3/4 shall not be increased compared with the overhead of Rel-15 Type II codebook rank 1/2 in general. 
Codebook extension on R15 type II codebook
For beam combination codebook, such as type II codebook, the performance of using that codebook can be considerably better than that of using beam selection codebook such as type-I codebook. Considering both of performance and overhead, two potential codebook structures can be considered.
One potential structure is a hybrid codebook design with both beam selection and beam combination. Beam combination codebook is utilized within dominant layer and beam selection is utilized within rest weak layer(s). For layers with beam combination, the beams for combination are selected from an orthogonal 2D-DFT beam group as Rel-15. As type II codebook in NR, wideband amplitude, subband amplitude and subband phase are feedback to represent the coefficients of linear combination of dominant layers. For rest weak layer(s) with beam selection, a beam can be selected from the same orthogonal 2D-DFT beam group with a co-phasing term between polarizations, but the set of beams for beam selection may be different from beams used for dominant layers with beam combination.
Another potential codebook structure is that the combination coefficients of layer 3/4 are constructed based on the coefficients of layer 1/2, guaranteeing the orthogonality among some layers. For example, the amplitude coefficients of layer 1 can be reused for layer 3, where the coefficients are reordered based on the power level of beams in layer 3. For the phases, the phases of the 1st polarization in layer 1 is reused for the 1st polarization in layer 3, the phases of the 2nd polarization in layer 1 are rotated for the 2nd polarization layer 3. The permutation of the amplitude and/or phase coefficients of beams in layer 1 and layer 3 can be designed to guarantee the orthogonality among layer 1 and layer 3. With above design, only coefficients of the first two layers are reported and the overhead of high rank type II codebook can be greatly reduced.
Codebook extension on frequency compression codebook
As discussed in the last two meetings, rank 3 and 4 codebook design should also take the outcome of Type II overhead reduction for rank 1-2 into account. 
We have agreed the following codebook for a layer of type II codebook enhancement:

where  is spatial domain (SD) compression matrix,  is frequency-domain (FD) compression matrix and  is two-dimension linear combination coefficients matrix.
As shown in figure 1, rank 2 has the biggest possibility among different ranks. Therefore, the performance of rank2 should be guaranteed in our views and we prefer to reuse the principle of type II rank 2 codebook in R15 for type II codebook enhancement:
· Each layer is quantized independently without restriction on the employed number of spatial beams or frequency beams or coefficients for the second layer.
· The codebook for each layer reuses the agreed codebook structure.
· Common or independent spatial/frequency beams for 2 layers can be further discussed.
For rank 3/4, a straightforward way is just to extend the codebook design of rank 1 to each layer. One issue is the increment in feedback overhead. It is not that beneficial for rank 3/4 with such a large feedback overhead with the ratio of rank 3/4 is considerable small compared with rank 1/2. Another issue of linear feedback overhead increment as rank increases is that gNB has trouble in scheduling UL resources for CSI reporting. If gNB schedules UL resource according to rank4, the usage of UL resources is not efficient if rank 1 is reported. If gNB schedule UL resource according to rank1, UE has to drop CSI with a large possibility. Then considering the trade-off between overhead and performance, we have the following proposal:
Proposal 2: The feedback overhead of rank 3/4 should be comparable to that of rank 2 for type II codebook enhancement.
To reduce the feedback overhead, the configuration for rank 3/4 should be restricted. Details can be further discussed.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution discusses the Type II codebook enhancement for rank 3 and 4 in Rel-16, based on which the following observations and proposal are made.
Observation 1: The probability of UE reporting rank 3 or 4 is 25%-30% in both UMa and UMi scenarios.
Observation 2: Extending type II codebook with rank 3 and 4 can provide around additional 5% cell average gain compared with Rel-15 type II with rank 1 and 2 only.
Proposal 1: High resolution codebook should be extended to rank 3 and 4 in Rel-16.
Proposal 2: The feedback overhead of rank 3/4 should be comparable to that of rank 2 for type II codebook enhancement.
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Appendix I
	Parameters
	Dense Urban (Macro layer only)

	Duplex mode
	FDD

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz

	System bandwidth
	10MHz (13 subbands, 4 PRB for each subband)

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Channel model
	SCM-3D-UMa

	Inter-BS distance
	200m

	Minimum distance
	35m

	BS antenna height
	25m

	BS Tx power
	41dBm

	BS antenna configuration
	 (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH, dV) = (0.5, 0.8) λ

	UE antenna configuration
	(M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1) for overhead reduction; 
(M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2) for higher rank of Type II;
the polarization angles are 0 and 90

	UE distribution
	80% indoor, 3km/h; 20% outdoor, 30km/h

	UE receiver
	MMSE-IRC

	MIMO scheme
	SU/MU-MIMO switch for overhead reduction;
SU-MIMO for higher rank of Type II

	Scheduler
	PF

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Feedback assumption
	Realistic

	Channel estimation
	Realistic
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