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1. Introduction
In RAN1#88bis meeting, following agreements in terms of Type II codebook design were reached [1].
Agreements:
· Study mechanisms targeting efficient use of peak and/or average CSI overhead for CSI feedback Type II.
· For Category I, e.g.
· Mechanism 1: Frequency selective precoding feedback with delay-related parameter(s) (e.g. R1-1704884, R1-1705927)
· Mechanism 2: Differential CSI reporting in time domain h(e.g. R1-1705349, R1-1705588)
· Mechanism 3: Uneven quantization bit allocation for the beam amplitudes or/and phases (e.g. R1-1705076)
· Mechanism 4: Matrix quantization considering inter-layer orthogonality for W2(e.g., R1-1704408)
· Note: performance should be also considered for overhead reduction 
· Other examples are not precluded. 
Further, in RAN1#89, Type I and Type II codebooks are agreed in the following [2].
Agreement:
· 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
Although Type I and Type II codebook design has been finalized, there is still some open issues to be discussed, such as overhead reduction technique for Type II, including frequency-dependent parameterization. In this contribution, we give our views on overhead reduction techniques for Type II CSI.
2. Discussion on overhead reduction for Type II CSI 
In NR Type II CSI feedback, L WB beams are combined linearly with WB and/or SB amplitude and SB phase. Hence compared with Type I CSI, Type II has much larger overhead.  In Table I, we summarize PMI overhead for Type II. We assume L=4, 10 SBs and 32 port with (4,4,4,4). Moreover, WB+SB amplitude and SB phase are assumed. It can be observed that for rank 2, PMI overhead can be larger than 500 bits. Such a large CSI overhead would consume extremely large uplink resource overhead. Thus overhead reduction is still needed for Type II CSI.
Table I PMI overhead for Type II
	RI
	WB(bit)
	Per SB(bit)
	Total(bit)

	1
	39
	24
	279

	2
	63
	48
	543


Among all the Type II PMI parameters, the most resource-consumed parameter is phase information. In current Type II codebook, as phase information is frequency-selective, it needs to be fed back in every SB. Moreover, each phase can be quantized up to 3 bits. One potential approach to reduce Type II CSI overhead is to use frequency-dependent parameterization. It is well known that phase shift of beam in frequency domain is caused by multipath delay in time domain, so we can design feedback schemes considering the correlation of phase coefficients in frequency domain. Several codebook design schemes have been proposed based on this channel property. 
However, to support this mechanism, it is not necessary to introduce a new codebook. A simple way is to let UE report phase of partial subbands only. Then gNB can perform interpolation to recover phase of all SBs. This approach achieves almost the same performance as the proposed codebook, and gNB can has the flexibility to use high-order interpolation algorithm to boost the performance further. If only partial SB phase information is supported, considerable overhead reduction can be achieved. For example, in Table I, if only 5 SBs among 10 SBs are selected to report phase, 190 bits can be saved totally for rank 2. 
Observation: Frequency-dependent parameterization can be supported via partial SB phase feedback.
Proposal 1: Partial SB phase feedback should be supported for NR Type II CSI.
The next question is how to select partial SBs in CSI report band to report phase. Assume CSI report band comprises K SBs. Among them, M<K SBs are selected to report phase information. The following options can be identified.
Option 1: M SBs are selected based on fixed pattern
The fixed pattern can be a comb pattern, or the SBs containing the highest and lowest frequency RBs.  This is the simplest approach to achieve partial SB feedback. No extra feedback overhead is required. However, as how phase changes in frequency domain can be quite variable, fixed-pattern selection may cause performance reduction.
Option 2: UE selects best M SBs
In this option, UE decides the SBs used for phase reporting based on its channel measurement. UE calculates CQI based on RI and Type II PMI for each SB, and selects M SBs with the best CQI to report phase. Then UE needs to report M SB indices along with phase information. This is quite similar to LTE PUCCH 2-2. As phase information of these best M SBs is derived from better channel condition, good performance can be expected. However, the drawback is that extra CSI feedback overhead is needed for M SB indices.
Option 3: Hybrid approach of UE selection and fixed pattern
In this approach, UE determines M SBs based on its channel measurement and some fixed pattern hybridly. One example is shown in Fig. 1. In this example, K SBs are divided to N SB sets uniformly. UE can perform this SB set division based on its own channel measurement. Then in each SB set, UE selects M/N SBs for phase reporing following some fixed pattern, e.g., pattern containing the highest SBs and lowest SBs. Since study in [3] shows that the phase coefficients of each beam over all subbands can be modeled linearly or piecewise linearly, performance reduction of this hybrid approach is expected to be small. Moreover, as SB set division is performed uniformly, only N value needs to be reported. Extra feedback overhead is quite low.


Fig. 1 An example of hybrid approach of UE selection and fixed pattern
Proposal 2: For M-SB selection among K>M CSI reporting SBs, the following options need to be further studied
· Option 1: M SBs are selected based on fixed pattern
· Option 2: UE selects best M SBs
· Option 3: Hybrid approach of UE selection and fixed pattern
[bookmark: _GoBack]Another potential way to reduce Type II CSI overhead is to adjust CSI overhead according to CSR. CSR is typically used to reduce inter-cell interference by restricting certain beam directions. Type II combines a set of orthogonal beams linear with relative power and phase. Hence CSR should also be supported in Type II at least to reduce inter-cell interference. Then we can adjust CSI overhead according to CSR. By doing this, it is obvious that WB beam feedback overhead is reduced. Further, when the leading beam is restricted, overhead used for the entire beam group can be reduced. When the weaker beams are restricted, we can simply set the WB power to 0. Then the CSI overhead of SB power and phase associated with these beams can be saved. Therefore, significant overhead reduction can be expected.
Proposal 3: NR should support adjusting CSI overhead according to CSR for Type II.


3. Conclusions
In this contribution, we discuss design details of using frequency domain property of phase to reduce Type II CSI overhead. Based on the above discussion, we have the following observation and proposals.
Observation: Frequency-dependent parameterization can be supported via partial SB phase feedback.
Proposal 1: Partial SB phase feedback should be supported for NR Type II CSI.
Proposal 2: For M-SB selection among K>M CSI reporting SBs, the following options need to be further studied
· Option 1: M SBs are selected based on fixed pattern
· Option 2: UE selects best M SBs
· Option 3: Hybrid approach of UE selection and fixed pattern
Proposal 3: NR should support adjusting CSI overhead according to CSR for Type II.
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