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In RAN1#95 [1], it was agreed that DFT-based frequency domain compression was adopted as Type II rank 1-2 overhead reduction (compression) scheme, while some details are still under discussion. 
In this contribution, we discuss some remaining issues on Type II CSI overhead reduction.  
DFT-based frequency domain compression
On frequency basis subset selection for each spatial beam and for each layer, several agreements were achieved, and alternatives are listed below,
	Agreement 
In RAN1 NR-AH 1901, decide (agree on) at least the following aspects of DFT-based compression:
· Frequency-domain compression unit: same subband size as CQI vs. RB (or multiple of RBs) different from CQI
· 
Basis subset selection for the 2L beams: common (including the possibility of reporting a subset of 2LM  coefficients) vs. independent
Agreement
The first offline agreement in section 2.2 of R1-1814201 on ‘Basis subset or linear combination (LC) coefficient selection for the 2L beams’ is agreed.
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.



In multipath environment, each path has different power, delay, and angles (AoA, AoD, ZoA, ZoD). A spatial beam is used to filter the multipath channel resulting a beamformed channel. Within the beamformed channel, there are only a few paths left which fall into the spatial range of the beam. Those paths also have similar delay. While for the beamformed channel filtered by another spatial beam, the delay and angles could be different.
For different spatial beams, since frequency domain compression is DFT-based, the basis subset can be considered as transform matrix, and the corresponding coefficient vector is formed with time domain channel coefficients. 
Therefore, for each spatial beam, the valid basis subset can be very small, while for different spatial beam, the valid basis subset selection would be different. If we adopt the same basis subset for different spatial beam, coefficient matrix will have a lot of zero values, and the feedback of coefficient matrix should be optimized. On the other hand, if we adopt different basis subset for different spatial beam, the feedback of coefficient matrix can be very simple, i.e., all of the coefficients will be reported. However, the feedback of large number of basis subset will bring more overhead. There’s a tradeoff between these two alternatives, the final decision depends on the size of each basis subset and the feedback strategy of coefficient matrix.
For different layers, on the other hand, the basis subset may not change too much. Similar like R15 Type II codebook, we can adopt the same basis subset including all non-zero frequency beams for all layers.
Observation 1: For basis subset selection for the 2L beams, final decision depends on the size of each basis subset and the feedback strategy of coefficient matrix.

Proposal 1: Support Alt1: basis subset selection () for the 1st is the same as that for the 2nd layer.
Regarding the subband size for PMI compression, it was proposed by [2] to support smaller PMI granularity for better performance. The corresponding alternatives are agreed as below,
	Agreement: 
In RAN1 NR-AH 1901, select one of the following alternatives for precoder/PMI FD compression unit, taking into account UPT vs. overhead and complexity 
· Alt1. Subband (SB), wherein the SB size for precoder/PMI compression is the same as the CQI subband size
· Alt2. X resource blocks (RBs), different from CQI subband size. Three sub-alternatives 
· Alt2.1 X = 1
· Alt2.2 X = CQI SB size / R where R>1 is a predetermined integer 
· Only one R value is supported. FFS: the value of R
· Alt2.3 X = {2, 4} where X is higher-layer configured 

Assume Rel.15 3-bit amplitude and Rel.15 8PSK co-phasing for quantization for evaluation purposes.



In frequency domain, with smaller subband size of PMI, more candidate DFT beams should be evaluated to find the best ones. However, from UE implementation perspective, UE should calculate the beamformed channel matrix with all the possible DFT beams for each subband. With smaller PMI subband size, it will not only increase the number of complex matrix operations, but also increase the size of each complex matrix.
In our opinion, PMI subband size should not be smaller than CQI subband size, at lease when the number of subbands is large. On the other hand, for the case of small number of subbands, frequency domain compression may not be needed. Based on the discussion above, we prefer Alt1.
Proposal 2: Support Alt1, wherein the SB size for precoder/PMI compression is the same as the CQI subband size.
For DFT basis oversampling factor(s), there are three alternatives as below,
	Agreement: 
In RAN1 NR-AH 1901, select one of the following alternatives for DFT basis oversampling factor(s) O3:
· Alt1. O3 = 4
· Alt2. O3 = 1 (critically sampled)
· Alt3. O3 is fixed for and depends on a given length of the DFT vector (N3) and/or bandwidth part, exact dependence is FFS

Assume Rel.15 3-bit amplitude and Rel.15 8PSK co-phasing for  quantization for evaluation purposes.



Similar to spatial domain compression, oversampling for frequency domain compression can provide performance gain with low feedback bits. However, the introduction of oversampling will increase the number of candidate DFT beams by O3 times. Since the frequency domain beamformed channel matrix is calculated per frequency beam per subband per spatial beam, the oversampling may introduce too much computation complexity.
Based on the analysis above, we prefer no oversampling, i.e. Alt2.
Proposal 3: Support Alt2, the DFT basis oversampling factor(s) O3 = 1 (critically sampled).
The combination coefficient matrix is composed of M values for each of 2L spatial beams. Similar like R15 Type II CSI, there will be Ml strongest spatial beams, the coefficients of 2L-Ml spatial beams can be ignored or not reported. For the Ml strongest spatial beams, there will also be some weak coefficients which don’t need to be reported. The coefficient matrix can be illustrated as below figure:
[image: ]
Figure 2.2-1 illustration of coefficient matrix
There’s an agreement about quantizing the combination coefficients, several alternatives are listed below,
	Agreement: 

For each layer, the following alternatives for quantizing each of the coefficients in  are to be studied for down selection in RAN1#96: 
· Alt1A. Rel.15 3-bit amplitude; Rel.15 QPSK and 8PSK co-phasing 
· Alt1B. Rel.15 3-bit amplitude; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing 
· Alt2A. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK and 8PSK co-phasing 
· Alt2B. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing
· Alt2C. Rel.15 3-bit wideband amplitude + Rel.15 QPSK and 8PSK wideband co-phasing for each beam, 2/3-bit differential amplitude and co-phasing for FD coefficients;
· Alt3. A-bit amplitude for each of 2L beams, B-bit amplitude for each of M FD components, 1-bit differential amplitude and 8PSK co-phasing for each of the 2LM FD coefficients
· Alt4. For each beam, 
· B0-bit amplitude and C0-bit phase for coefficients for the P0 strongest coefficients, 
· B1-bit amplitude and C1-bit phase for coefficients for the P1 2nd strongest coefficients, …
· …
· BQ-1-bit amplitude and CQ-1-bit phase for coefficients for the PQ-1 Qth strongest coefficients
· Alternatively, amplitude/phase can be replaced with real/imaginary
· Alt5. Special case of Alt4: Q=2, B0=C0=3; B1=C1=2 on amplitude/phase



As we can see, for Alt1A, Alt1B, Alt4 and Alt5, the combination coefficients are reported independently. For Alt2A, Alt2B and Alt2C, the amplitude parameters are reported as wideband amplitude and differential amplitude for FD components. In order to fully taking advantage of differential approach, the number of valid FD components for each spatial beam should be large. However, from our evaluation and analysis, the number of valid FD components for each spatial beam is very small. For Alt3, we don’t see the benefit to split amplitude into amplitude of each beam, amplitude of each FD component and differential amplitude, and the feedback payload seems to be large.
From our perspective, Alt4 can be a good starting point. The idea of using more bits for strongest coefficients has already been adopted for subband amplitude feedback in R15 TypeII CSI feedback. The detailed values can be discussed after this principle is agreed.
Proposal 4: support Alt4 in principle. For each beam, 
· B0-bit amplitude and C0-bit phase for coefficients for the P0 strongest coefficients, 
· B1-bit amplitude and C1-bit phase for coefficients for the P1 2nd strongest coefficients, …
· …
· BQ-1-bit amplitude and CQ-1-bit phase for coefficients for the PQ-1 Qth strongest coefficients
· Alternatively, amplitude/phase can be replaced with real/imaginary

Conclusion
In this contribution, we discussed some remaining issues on Type II CSI overhead reduction. Based on the discussion, we have the following proposals:
Observation 1: For basis subset selection for the 2L beams, final decision depends on the size of each basis subset and the feedback strategy of coefficient matrix..

Proposal 1: Support Alt1: basis subset selection () for the 1st is the same as that for the 2nd layer.
Proposal 2: Support Alt1, wherein the SB size for precoder/PMI compression is the same as the CQI subband size.
Proposal 3: Support Alt2, the DFT basis oversampling factor(s) O3 = 1 (critically sampled).
Proposal 4: support Alt4 in principle. For each beam, 
· B0-bit amplitude and C0-bit phase for coefficients for the P0 strongest coefficients, 
· B1-bit amplitude and C1-bit phase for coefficients for the P1 2nd strongest coefficients, …
· …
· BQ-1-bit amplitude and CQ-1-bit phase for coefficients for the PQ-1 Qth strongest coefficients
· Alternatively, amplitude/phase can be replaced with real/imaginary
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