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Introduction
In  RAN1 NR Ad hoc, the following agreements were made:
Agreements:
· When a UE is configured with K>1 NZP CSI-RS resources, a UE can report a set of N UE-selected CSI-RS-resource-related indices
· FFS: The name of the corresponding CSI reporting parameter
· FFS: Maximum value of N (support of N=1 only is not precluded)
· FFS: What other CSI parameter(s) are reported together with the CSI-RS-resource-related indices, if any, and joint reporting mechanism (in case of multiple reporting parameters)
· FFS: Extension of this feature to other types of Resources

Agreements:
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:
· N is not necessarily fixed number 
· FFS: whether/how to configure and/or indicate the values of N
· Note: The above procedure based on RS for mobility purpose is not precluded.
· Reporting information at least include
· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both
· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K
FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, etc


[bookmark: _Ref178064866]Discussion on different CSI report configurations
To support a wide range of use cases, including Type I, Type II and beam management, the UE can be configured with different CSI reporting configurations as is discussed below.
A NR UE can be configured with a Resource setting having S CSI-RS resources sets, each having Ks CSI-RS resources as agreed in the previous meeting. Each such CSI-RS resource can in principle have up to at least 32 ports, but it is likely that more than 8 up to 32 ports are supported only for the Resource setting using S=1, Ks=1 as this corresponds to non-precoded CSI-RS feedback using a port combination codebook. 
[bookmark: _Toc473796554][bookmark: _Toc473803491][bookmark: _Toc474167069]A Resource setting containing a CSI-RS resource with >X ports can only be configured if S=1, K1=1 where X=[8] 
For 8 ports per resource or fewer, more resources Ks>1 is possible to support port selection, see CSI hypothesis selection in the next section.
The agreed framework (i.e., N≥1 Reporting settings, M≥1 Resource settings, Measurement setting, where the Measurement setting includes L ≥1 links) is intentionally flexible so it can also be used for DL beam management. Hence, we propose
[bookmark: _Toc473796555][bookmark: _Toc473803492][bookmark: _Toc474167070]The agreed CSI framework supports DL beam management by 
a. [bookmark: _Toc473796556][bookmark: _Toc473803493][bookmark: _Toc474167071]CSI Reporting setting supports beam reporting for DL beam management, including at least:
i. [bookmark: _Toc473796557][bookmark: _Toc473803494][bookmark: _Toc474167072]Configuration multiple CSI-RS resources for reporting CSI-RS resource selection and quality-related metric
ii. [bookmark: _Toc473796558][bookmark: _Toc473803495][bookmark: _Toc474167073]P-1 and P-2 can be supported with configuring Reporting/Resource/Measurement settings.
iii. [bookmark: _Toc473796559][bookmark: _Toc473803496][bookmark: _Toc474167074]P-3 can be supported at least with configuring Resource setting.
iv. [bookmark: _Toc473796560][bookmark: _Toc473803497][bookmark: _Toc474167075]Dynamic selection of CSI-RS resources from a “pool” is supported within a Resource setting
In case the CSI is used for beam management and for beam sweeps in a slot using many beams, only 2 ports per beam may be used. This is useful when the precise direction to the UE is unknown to the gNB and many directions must be scanned. For this purpose, RSRP measurements per 2-port resource would be sufficient having relatively low complexity. The UE may then feed back not only RSRP for the best resource but “top-N”, i.e. CSI-RSRP for multiple of the K resources.

Discussion on UE side CSI hypothesis selection
In LTE up to Rel.12, the UE reported CSI based on a predefined CSI resource but in LTE Rel.13, a significant change in the CSI feedback framework was made. The UE were then given a set of up to K=8 different CSI hypotheses and the UE would select the preferred one and feed back CSI only for the preferred hypothesis.   
[bookmark: _Toc474167068]CSI hypothesis selection in form of port selection is supported in LTE in Class B CSI feedback operation
This can be used to support the scenarios of K-beam selection of K-TRxP selection by configuring a CSI process with K CSI resources. Hence, the hypothesis selection is targeting the desired signal as to select a beam. 
The hypothesis selection can be generalized in NR to support an even wider range of use cases and possibilities in network deployments. If NZP CSI-RS is introduced as IMR in NR, coherent estimation of received power is possible for both the desired and the interfering signals. 
This opens for additional possibilities for UE side hypothesis testing, since also interference can be the basis for hypotheses. For example, a UE that is configured with one NZP CSI-RS for channel estimation and two NZP CSI-RS for interference estimation may assume two different interference hypotheses:
· CSI hypothesis 1: CSI-RS1 as desired signal, CSI-RS2 as coherent interference
· CSI hypothesis 2: CSI-RS1 as desired signal, CSI-RS3 as coherent interference
The UE then feeds back CSI and the identifier for the selected CSI hypothesis. 



Figure 1 In LTE, the UE can select a desired channel hypothesis (Class B, K>1). It is proposed to extend this in NR to allow for both channel and interference hypothesis selection by the UE. In this example, UE measures interference on two different NZP CSI-RS and treats them alternatively as interference in two hypotheses and selects the preferred one.
This can also be extended to ZP CSI-RS for interference measurements as well. Hence we make the following proposal
[bookmark: _Toc471140270][bookmark: _Toc471140391][bookmark: _Toc471300934][bookmark: _Toc471728997][bookmark: _Toc473796561][bookmark: _Toc473803498][bookmark: _Toc474167076]Support UE side CSI hypothesis selection in CSI reporting setting by assigning multiple resource settings to the UE for interference measurements and CSI feedback indicating selection of which resource setting was assumed as the interfering signal
Hence, when configuring the UE a Resource setting (containing a NZP or ZP CSI-RS resource), either semi-statically or dynamically, there should be an indication on whether the configured Resource setting should be used as 
· A desired signal type (coherent reception /NZP)
· An interference signal type (coherent reception /NZP)
· IMR (non-coherent reception /ZP)
In case there are multiple choices of a type, then hypothesis selection is performed by the UE before CSI feedback. 
Conclusions
In this contribution we made the following observations:
Observation 1	CSI hypothesis selection in form of port selection is supported in LTE in Class B CSI feedback operation

Based on the discussion in this contribution we propose the following:
Proposal 1	A Resource setting containing a CSI-RS resource with >X ports can only be configured if S=1, K1=1 where X=[8]
Proposal 2	The agreed CSI framework supports DL beam management by
a.	CSI Reporting setting supports beam reporting for DL beam management, including at least:
i.	Configuration multiple CSI-RS resources for reporting CSI-RS resource selection and quality-related metric
ii.	P-1 and P-2 can be supported with configuring Reporting/Resource/Measurement settings.
iii.	P-3 can be supported at least with configuring Resource setting.
iv.	Dynamic selection of CSI-RS resources from a “pool” is supported within a Resource setting
Proposal 3	Support UE side CSI hypothesis selection in CSI reporting setting by assigning multiple resource settings to the UE for interference measurements and CSI feedback indicating selection of which resource setting was assumed as the interfering signal
[bookmark: _In-sequence_SDU_delivery][bookmark: _GoBack]
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