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Introduction
This contribution serves as a summary of the submitted contributions on CSI enhancement for MU-MIMO support ([3]-[19]). Following the itemization in the WID [1], section 2 includes summary of the following two items:
1. Type II overhead reduction for rank 1-2 
2. Type II rank>2 extension 
 
Summary
1 
2 
Type II overhead reduction (rank 1, 2)
The proposed schemes (either for study or candidate) can be summarized in Table 1. 
  
[bookmark: _Ref526296353][bookmark: _Ref526296347]Table 1 Type II overhead reduction (popular schemes)
	Category
	Brief description
	Companies

	Frequency-domain (FD) compression
	[bookmark: _GoBack]Correlation among subband precoding coefficients (“W2”) across adjacent subbands is exploited using a set of compression functions (e.g. DFT, dominant eigenvector(s) of “W2” across subbands, linear function) to potentially attain improved performance-overhead tradeoff than choosing a larger subband size 
	CATT, Ericsson, Fraunhofer, Huawei/HiSi, NEC, Nokia/NSB, OPPO, Qualcomm, Samsung, ZTE, AT&T 

	Time-domain (TD) compression
	Limited/relative short channel delay spread permits sparse representation of the precoding coefficients in time domain. Therefore, time-domain compression schemes, e.g. for sparse Toeplitz matrix, can be used 
	LG, MediaTek, Motorola/Lenovo, Nokia/NSB, Qualcomm

	Other proposals
	· Intel: separate codebook configuration for different layers, configuration of maximum number of non-zero wideband amplitude coefficients
· NTT DOCOMO, ZTE: extension of CSI omission, e.g., omission of finer phase/amplitude information, more omission patterns in frequency domain
· MediaTek: spatial DFT beams selected for combining can be different for different delay taps (or equivalently for different frequency domain DFT beams); improved amplitude quantization 
· Nokia/NSB: exploit orthogonality across layers to perform a layer-domain (LD) compression, e.g., by parameterizing subband precoding coefficients (“W2”) through Givens rotations to achieve minimum overhead. This offers the maximum compression per layer and can be combined with FD compression schemes.
· Out-of-scope proposals:
· LG: Cat 2 covariance matrix feedback 
· Nokia/NSB: explicit feedback 



Observe that there is some convergence toward FD and TD compression schemes (with some differing details among companies). It is also worth mentioning that FD and TD schemes function similarly since the level of frequency selectivity (hence frequency-domain correlation) is an implication of the length of channel impulse response (delay spread). 
On a similar note, one company (Ericsson) commented on the reflector that TD methods could be considered as a special case of FD methods, “where the frequency-domain compression is achieved by a linear transformation of the frequency-domain coefficients and where the linear transform (or “interpolation function”) is a DFT/DCT”. It was proposed that the two categories be merged into one and further broken down into “non-linear” and “linear” methods. Another company (Nokia) commented that the separation between “linear” and “non-linear” is unclear. Since most companies identify their FD/TD compression proposals as such, it seems fitting to keep the TD/FD taxonomy for now while investigating if the two categories can be consolidated/merged. 

Observation: Currently, for Type II overhead reduction there is some convergence toward FD and TD compression schemes (for study or candidate schemes)
Proposal: To further progress, interested companies are to submit evaluation results (especially performance-overhead tradeoff) in RAN1#95 once the evaluation methodology is finalized in RAN1#94B.
· Strive to focus on in-scope proposals (based on Rel.15 Type II per WID) 
· Also investigate potential common ground between FD and TD approaches, e.g. merging these two into one category

Type II rank>2 extension
In general, a number of companies express some interest in, at the very least, studying Type II extension for rank>2, or, even more, specifying such extension. Here, Type II higher rank extension is understood as Type II or Type II-like design for rank>2, not a rudimentary scheme such as the reuse of Type I rank>2 in conjunction with Type II rank 1-2 (note: this mixture is spoken against in at least one contribution [16]).
At the same time, the overhead resulting from simple/natural extensions (i.e. add more layers to the current Type II design without any additional optimization) is recognized as prohibitive and should be avoided. Several schemes have been mentioned, such as the use of unequal number of beams (L) and coefficients for the additional layers (3rd and 4th), or even different choice of beams for layer 1-2 from 3-4 (see, e.g. [3][5][8][12][13]). 
Related to the above overhead concern, a few companies (e.g. [10][15]) mentioned that the resulting overhead reduction scheme for rank 1-2 should also be factored in when assessing the higher rank extension. This proposal is sound. As a result, the study on higher rank extension should be started when the work on Type II overhead reduction for rank 1-2 is maturing. 
Lastly, there is no specific proposal to extend Type II to rank 5 and above, In fact, one company specifically proposes not to do so [13]. This proposal seems to be consistent not only with the concern on excessive overhead, but also (marginal) precoding gain beyond rank 4.  
Proposal: 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
· After the work on Type II overhead reduction for rank 1-2 is maturing
· Simple extension of Rel.15 Type II without any additional optimization (which results in ~3-4x overhead over rank-1) is ruled out

Timeline and milestones
Below is a proposed timeline and a set of milestones for each RAN1 meeting intended to ensure that this particular item can be completed in a timely manner. Each milestone represents a goal to be accomplished in each meeting and should serve as a guideline for participating companies. The timeline is aligned with the proposed rapporteur work plan in [2].      
[bookmark: _Ref526296952]Table 2 Proposed timeline along with the milestones
	94B (10/18)
	95 (11/18)
	AH (01/19)
	96 (02/19)

	1. Finalize evaluation methodology, establish baseline schemes
2. Categorize candidate schemes for Type II overhead reduction (rank 1-2)
	1. Detailed proposals from all companies are submitted.
2. SLS comparison and discussion for Type II overhead reduction (rank 1-2) (*)
3. Attempt to narrow down candidate schemes (*)
	1. Agree on the adopted scheme for Type II overhead reduction (rank 1-2)
2. Identify components to be finalized for the adopted overhead reduction scheme
	Agree on solutions for the components of Type II overhead reduction (rank 1-2) 


 …
	96B (04/19)
	97 (05/19)
	98 (08/19)
	98B (10/19)
	99 (11/19)

	1. Maintenance on Type II overhead reduction (rank 1-2)
2. SLS comparison and discussion for Type II rank >2 extension
	1. Agree if Type II rank>2 extension should be specified
2. Attempt to narrow down candidate schemes on Type II rank >2 extension – detailed proposals are made available followed by evaluation (**)
3. Maintenance on Type II overhead reduction (rank 1-2)
	1. Agree on the adopted scheme for Type II rank >2 extension
2. Identify components to be finalized for the adopted rank>2 scheme
3. Maintenance on Type II overhead reduction (rank 1-2)
	1. Agree on solutions for the components of Type II rank>2 extension
2. Maintenance on Type II overhead reduction (rank 1-2)
	Maintenance (remaining details) on Type II overhead reduction (rank 1-2) and rank>2 extension  MU-MIMO CSI is completed



(*) Type II overhead reduction: Since each interested company will submit their detailed proposal in RAN1#95, final evaluation results will not be due in RAN1#95. A deadline for submitting evaluation results for Type II overhead reduction will be decided (e.g. ~3-4 weeks after the end of RAN1#95). The results will be compiled for further discussion in RAN1 AH (01/2019) where the adopted scheme(s) will be selected. 
(**) Type II higher rank extension: If Type II higher rank extension is agreed in RAN1#97 (based on the evaluation results to date – for the purpose of assessing whether specification work should commence), detailed proposals from all interested companies will be finalized in RAN1#97 as well. Similar to (*), a deadline for submitting evaluation results for Type II higher rank extension (for the purpose of scheme selection) will be decided (e.g. ~3-4 weeks after the end of RAN1#97). The results will be compiled for further discussion in RAN1#98 (08/2019) where the adopted scheme(s) will be selected.         

Conclusions
Based on the submitted contributions on CSI enhancement for MU-MIMO and the above discussion, the following observations and proposals are made.
Observations:
· Currently, for Type II overhead reduction there is some convergence toward FD and TD compression schemes (for study or candidate schemes)
Proposals:
· Type II overhead reduction (rank 1,2):
· To further progress, interested companies are to submit evaluation results (especially performance-overhead tradeoff) in RAN1#95 once the evaluation methodology is finalized in RAN1#94B. 
· Strive to focus on in-scope proposals (based on Rel.15 Type II per WID)
· Also investigate potential common ground between FD and TD approaches, e.g. merging these two into one category
· 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 
· After the work on Type II overhead reduction for rank 1-2 is maturing
· Simple extension of Rel.15 Type II without any additional optimization (which results in ~3-4x overhead over rank-1) is ruled out
· The timeline and milestones in Table 2 can be used as a guideline/reference for assessing progress  
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