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Introduction
In RAN1#86, a set of agreement were made and relevant for this contribution, we highlight the following selected agreements:
· A simplified CSI acquisition framework should be studied in NR, which could support
· CSI measurement based on CSI-RS (if supported)
· Implicit and explicit CSI feedback
· CSI acquisition based on different degree of reciprocity
· Other features to be supported
· Strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and redundant (equally performing) configurations, while still covering a wide variety of use cases and frequency bands

In this contribution, we propose to adopt parts of the LTE Rel.14 codebook and extend it to cover also 2, 4  and 8 port layouts.
Note that we introduce the terms “port combining” and “port selection” in a way to unify the NR CSI feedback framework to cover a wide variety of use cases. The LTE Class A codebook is a port combining codebook since it combines (by recommended phase shifts) the measured CSI-RS ports into R ports where R is the preferred rank. Typically, R is smaller than the total number of measured ports. The LTE Class B feedback is using port selection prior to port combining as the UE autonomously selects a subset of the total number of measured ports and reports CSI for those only. 
This contribution discusses the basics of port combining, when subsequently can be used as one component in hybrid CSI feedback method where port combining and port selections are used together.
[bookmark: _Ref178064866]Discussion on port combining
The new RAT spans a much larger range of frequency bands compared to LTE and its capabilities could be seen a superset of LTE capabilities which operates below 6 GHz and with digital antenna front ends. For LTE, CSI feedback with up to 32 antenna ports is specified in Rel.14 with a very flexible antenna port layout design covering both one dimensional and two-dimensional port layouts. The purpose of this flexible design is to give freedom in implementation of advanced antenna front ends, since the number of ports influences the size, number of radio chains, power consumption, etc. Also, which port layout to use depends also on the typical UE distribution in the cell, and it has been shown during LTE work items that the horizontal one-dimensional port layout is superior when the UEs are mainly distributed horizontally as in the urban macro cell.  
As an operator could choose to deploy NR in typical LTE frequency bands, duplex method and with typical LTE antennas, it is important that NR at least have the same MIMO functionalities as LTE. It may even be so that an operator migrates LTE to NR at some point, without replacing the antenna front end.   
[bookmark: _Toc462990432]NR should support at least the same MIMO capabilities and thus CSI feedback port layout capabilities as LTE
Since the work in LTE already have provided a good and scalable codebook we suggest it can be used also in NR. However, we also have an agreement for NR, to avoid equally performing configurations, hence, which parts to inherit from LTE needs careful selection, to avoid the situation in LTE with too many classes and configurations for the CSI framework.
In LTE, the class A codebook has four different configurations and for each configuration, a set of different oversampling factors per dimension. These are used to trade performance vs overhead.  In [1], the configuration 1,2 and 4 was compared for 12 and 16 port layouts in UMa and UMi, respectively. See the results in Table 1 below. 
[bookmark: _Ref462628062]Table 1 Performance comparison of LTE Rel.13 Config. 1,2,4 codebooks (from [1])



As the table shows, configuration 1, which is a simple co-phasing, performs about the same as the more complex configuration 2 and 4, although the CSI feedback overhead is much less. Although this study is by no means exhaustive and did not include configuration 3, we don’t expect any significant benefit of configuration 3.  
In the LTE Class A CSI feedback, the performance of Configuration 1,2,4 is about the same
Since the CSI feedback overhead is significantly lower for Configuration 1 compared to the other configurations, we propose
[bookmark: _Toc462990433]The Rel.13/14 LTE Class A Configuration 1 scalable codebook with all the port layouts supported in LTE is used as the port combining codebook for NR
There could possibly be further simplification of the Rel.14 LTE codebook when adopting it for NR, by reducing the set of possible oversampling factors. The higher oversampling factors provide additional detailed channel information at the cost of more signalling overhead. The benefits of oversampling factor 8 vs 4 for SU-MIMO are rather marginal, but there could be some benefit for MU-MIMO which should be investigated further. On the other hand, advanced CSI feedback is also to be further studied, providing richer spatial resolution. Hence, it could be so that the “normal” CSI feedback only must have support for the lowest oversampling factor if there is anyway an additional high resolution advanced CSI method specified in NR. This issue needs further consideration and evaluations.
In LTE, codebooks for 2 and 4 antenna ports has been supported since Rel.8 and 8 port for 1D port layouts since Rel.10. To have a unified codebook in NR, we suggest that those are not inherited to NR, but instead the scalable Rel.13/14 LTE codebook is extended to support 2,4 and 8 ports (1D port layouts).
[bookmark: _Toc462990434]Extend the port combining codebook for NR (as proposed above) to 2,4,8 ports as to provide a complete port combining codebook for NR with support of 2,4,8,12,16,20,24,28 and 32 ports with both 1D and 2D port layouts
[bookmark: _Toc462990435]Regarding support for more than 32 ports, more studies are needed if this could provide benefits, considering the CSI-RS overhead. If proven beneficial, the port combining codebook should then be further extended.
[bookmark: _Toc462990436]Study whether extending the port combining codebook to more than 32 ports (e.g. up to 64) provides benefits, considering at least CSI-RS overhead and UE complexity. 
Conclusions
Based on the discussion in this contribution we propose the following (to update list of proposals, place cursor inside list and press F9):
Proposal 1	NR should support at least the same MIMO capabilities and thus CSI feedback port layout capabilities as LTE
[bookmark: _GoBack]Proposal 2	The Rel.13/14 LTE Class A Configuration 1 scalable codebook with all the port layouts supported in LTE is used as the port combining codebook for NR
Proposal 3	Extend the port combining codebook for NR (as proposed above) to 2,4,8 ports as to provide a complete port combining codebook for NR with support of 2,4,8,12,16,20,24,28 and 32 ports with both 1D and 2D port layouts
Proposal 4	Study whether extending the port combining codebook to more than 32 ports (e.g. up to 64) provides benefits, considering at least CSI-RS overhead and UE complexity.

[bookmark: _In-sequence_SDU_delivery]References
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    3 x2  port layout  UM a   2 x4  port layout  UMi  

    Config  1    (baseline)   Config  2   Config  4   Config  1    (baseline)   Config  2   Config  4  

Baseline RU    = 20 %   Mean  User     T hroughput   3.2615   2%   2%   3.6006   1%   1%  

Cell - edge  User    T hroughput   0.9986   3%   4%   1.2267   1%   1%  

Baseline RU    = 50 %   Mean  User     T hroughput   2.0479   5%   3%   2.3924   1%   - 2%  

Cell - edge  User    T hroughput   0.4007   7%   3%   0.5277   - 1%   - 7%  

 


Microsoft_Word_Document.docx
		

		

		3x2 port layout UMa

		2x4 port layout UMi



		

		

		Config 1 

(baseline)

		Config 2

		Config 4

		Config 1 

(baseline)

		Config 2

		Config 4



		Baseline RU 

= 20 %

		Mean User 

Throughput

		3.2615

		2%

		2%

		3.6006

		1%

		1%



		

		Cell-edge User 

Throughput

		0.9986

		3%

		4%

		1.2267

		1%

		1%



		Baseline RU 

= 50 %

		Mean User 

Throughput

		2.0479

		5%

		3%

		2.3924

		1%

		-2%



		

		Cell-edge User 

Throughput

		0.4007

		7%

		3%

		0.5277

		-1%

		-7%








