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1 Introduction

This contribution is an update of [2] with the intention to take into account latest RAN1 status. Aim is to address the following open issues for FD-MIMO signalling:
-
RAN1 has discussed parameter naming and agreed to use terminology “class A” and “class B” instead of “non-precoded” and “beamformed”. RAN1 has also concluded that having the term “beamformed” in a specification is problematic.

-
CSI-RS configuration for Class A needs to enable single Rel-13 CSI-RS configuration per CSI-process where the Rel-13 CSI-RS configuration for 12 and 16 antenna ports is an aggregated CSI-RS resources where the components are Rel-11 CSI-RS resources. 

-    Rel-13 FD-MIMO introduces two new MIMO codebooks: Class A codebooks supporting both 2D and 1D arrays, and Class B ‘W2-only’ codebooks (i.e. with PMI-Config=1).  These new codebooks require new parameters to identify when they are used for codebook subset restriction.  The naming and use of the parameters is presently different in 36.331 and 36.213.   

The modifications of 36.331 are done on top of the updated rapporteur CR [1].

2 Parameter naming for FD-MIMO

This use of different parameters in 36.331 makes FD-MIMO operation unclear, and so some way is needed to harmonize the parameter identification across the RAN1 and RAN2 specs. RAN1 discussed the parameter naming regarding “class A” and “class B” versus “NonPrecoded” and “Beamformed” as well as CSI-Reporting-Type versus eMIMO-Type and send the following LS to RAN2 [2].
1. Overall Description:

RAN1 has realized some inconsistency of terminologies between RAN1 and RAN2 specs. Therefore, RAN1 has made the following agreements trying to align the terminologies: 

· RAN1 decided to use the terminology of “class A” and “class B” in RAN1 specs for Rel.13 CSI process type. 

· RAN1 decided to change the terminology of CSI-Reporting-Type to eMIMO-Type following TS36.331 in RAN1 specs

2. Actions:
To TSG RAN WG2 
· RAN1 respectfully asks RAN2 to take the above agreements into consideration. 
In addition to naming clarifications, the operation and used codebooks should be pointed in the eMIMO-Type field description. We suggest to add the below field description for the eMIMO-Type.
CSI-RS-ConfigEMIMO-r13 ::=
CHOICE {


release





NULL,


setup





CHOICE {



nonPrecoded-r13



CSI-RS-ConfigNonPrecoded-r13,



beamformed-r13



CSI-RS-ConfigBeamformed-r13


}

}

	CSI-Process field descriptions

	eMIMOType

Parameter: eMIMOType, see TS 36.213, TS36.211. When the parameter eMIMOType is set to ‘nonPrecoded’, the codebooks used for deriving CSI feedback are in 36.213 [23] in Table 7.2.4-10 to Table 7.2.4-17. When the parameter eMIMOType is set to ‘Beamformed’ and the CSI-process is configured with csi-RS-ConfigNZPIdListExt containing one entry and pmi-Config is set to “1”, the codebooks used for deriving CSI feedback are in 36.213 [23] in Table 7.2.4-17 to Table 7.2.4-20. The choice entries ‘nonPrecoded’ and ‘beamformed’ correspond to ‘CLASS A‘ and ‘CLASS B’ , respectively, in TS36.212 and TS36.213[22,23].


Therefore we propose:

Proposal 1 Adopt the proposed field description for eMIMOType parameter.
2.1 Changes to alternativeCodebookEnabledBeamformed
As RAN1 has concluded that using the term “beamformed” in anywhere in the specifications is problematic also the term alternativeCodebookEnabledBeamformed needs to be changed. Acceptable options are that alternativeCodebookEnabledBeamformed is modified to alternativeCodebookEnabledClassB or similar or the original RAN1 parameter name PMI-Config is used.
Changing 36.331 is considerably simpler approach since renaming the parameter in the RAN1 specs will impact both 36.212 and 36.213 in several places as this variable is extensively used in 36.212 and 36.213.  Such changes could be avoided by simply using the RAN1 parameter definitions. For alternativeCodebookEnabledBeamformed, the only needed change in 36.331 is the below ASN.1 code and the field description title. However, from 36.331 perspective, when the value of the parameter is true and use optional, it better corresponds to existing way of indicating the use of alternative codebooks.
Further, regardless of which parameter name and corresponding value is adopted, the codebooks that are referred in the corresponding field description need to match the codebooks that are to be used in 36.213 as discussed in . 
Below, we show two options for the changes to alternativeCodebookEnabledBeamformed.

OPTION 1

CSI-RS-ConfigBeamformed-r13::=


SEQUENCE
{

csi-RS-ConfigNZPIdListExt-r13 


SEQUENCE (SIZE (1..7)) OF CSI-RS-ConfigNZPId-r11
OPTIONAL,
-- Need OR


csi-IM-ConfigIdInfoListExt-r13


SEQUENCE (SIZE (1..8)) OF CSI-IM-ConfigIdInfo-r13
OPTIONAL,
-- Need OR


p-C-AndCBSR-PerResourceConfigList-r13
SEQUENCE (SIZE (1..7)) OF P-C-AndCBSR-PerResourceConfig-r13
OPTIONAL,
-- Need OR


PMI-Config-r13
INTEGER {1..2}
OPTIONAL,
-- Need OR

channelMeasRestriction-r13



ENUMERATED {on}


OPTIONAL
-- Need OR

}
	CSI-RS-Info field descriptions

	PMI-Config
When the field is set to “1” it indicates that code book in TS 36.213 [23] Table 7.2.4-18 to Table 7.2.4-20 is being used for deriving CSI feedback and reporting for a CSI process. EUTRAN configures the field only for a process referring to a single RS configuration using non-zero power transmission (i.e a process for which csi-RS-ConfigNZPIdListExt is not configured).


OPTION 2

CSI-RS-ConfigBeamformed-r13::=


SEQUENCE
{

csi-RS-ConfigNZPIdListExt-r13 


SEQUENCE (SIZE (1..7)) OF CSI-RS-ConfigNZPId-r11
OPTIONAL,
-- Need OR


csi-IM-ConfigIdInfoListExt-r13


SEQUENCE (SIZE (1..8)) OF CSI-IM-ConfigIdInfo-r13
OPTIONAL,
-- Need OR


p-C-AndCBSR-PerResourceConfigList-r13
SEQUENCE (SIZE (1..7)) OF P-C-AndCBSR-PerResourceConfig-r13
OPTIONAL,
-- Need OR


alternativeCodebookEnabledCLASSB_K1-r13
ENUMERATED {true}
OPTIONAL,
-- Need OR

channelMeasRestriction-r13



ENUMERATED {on}


OPTIONAL
-- Need OR

}
	CSI-RS-Info field descriptions

	 alternativeCodebookEnabledCLASSB_K1
If included in CSI-Process (i.e. TM10), the field indicates whether code book in TS 36.213 [23] Table 7.2.4-18 to Table 7.2.4-20 is being used for deriving CSI feedback and reporting for a CSI process. EUTRAN configures the field only for a process referring to a single RS configuration using non-zero power transmission (i.e a process for which csi-RS-ConfigNZPIdListExt is not configured).


Proposal 2 Adopt either option 1 or option 2 as a changed to parameter alternativeCodebookEnabledBeamformed.
3 CSI-RS configuration for Class A

A UE that is configured with Class A type of CSI reporting may be configured with a single Rel-13 CSI-RS resource per CSI-RS process (TM10). The antenna configuration is given by Codebook-Config-Nx, where x=1,2. The allowed combination of {N1, N2} is {8,1}, {2,2}, {2,3}, {3,2}, {2,4} and {4,2}. This results in that the possible number of antenna ports (including polarizations) the UE should measure from the Rel-13 CSI-RS resource is 16, 12 or 8. So far Rel-11 CSI-RS resource covers maximum 8 antenna ports. Thus, RAN1 has defined the CSI-RS configuration for more than 8 antenna ports in 36.211 as follows:
For CSI reference signals using more than eight antenna ports, 
[image: image1.wmf]1

CSI

res

>

N

 CSI-RS resources in the same subframe, numbered from 0 to 
[image: image2.wmf]1

CSI

res

-

N

, are aggregated to obtain 
[image: image3.wmf]CSI

ports

CSI

res

N

N

 antenna ports in total. Each CSI-RS resource in such an aggregation corresponds to 
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 antenna ports and one of the configurations in Table 6.10.5.3-1 or 6.10.5.2-1 for normal cyclic prefix. The supported configurations of aggregated CSI-RS resources are shown in Table 6.10.5-1.

CSI reference signals are defined for 
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Table 6.10.5-1: Aggregation of CSI-RS resources.

	Total number of 
antenna ports
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	Number of antenna ports per resources
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	Number of CSI-RS resources
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	a) 12
	b) 4
	c) 3

	d) 16
	e) 8
	f) 2


Subsequently, 36.331 should support the corresponding CSI-RS configuration for UE configured for Class A. As one can see, the CSI-RS configuration is substantially different between Class A and Class B, where a set of 1 to 8 Rel-11 CSI-RS resources are configured per CSI-process to the UE. Here each 1 to 8 Rel-11 CSI-RS should have an index UE can refer to by the CRI, whereas for Class A the aggregated Rel-13 CSI-RS resource has one ID even it is aggregated from multiple Rel-11 CSI-RS resources. Below we present suggested changes to incorporate Rel-13 CSI-RS configuration applicable for Class A.
CSI-RS-ConfigNZP information elements
-- ASN1START

CSI-RS-ConfigNZP-r11 ::=

SEQUENCE {


csi-RS-ConfigNZPId-r11


CSI-RS-ConfigNZPId-r11,


antennaPortsCount-r11


ENUMERATED {an1, an2, an4, an8},


resourceConfig-r11



INTEGER (0..31),


subframeConfig-r11



INTEGER (0..154),


scramblingIdentity-r11


INTEGER (0..503),


qcl-CRS-Info-r11



SEQUENCE {



qcl-ScramblingIdentity-r11

INTEGER (0..503),



crs-PortsCount-r11



ENUMERATED {n1, n2, n4, spare1},



mbsfn-SubframeConfigList-r11
CHOICE {





release





NULL,





setup





SEQUENCE {






subframeConfigList


MBSFN-SubframeConfigList





}



}















OPTIONAL
-- Need ON


}
















OPTIONAL,
-- Need OR


...,


[[
csi-RS-ConfigNZP-EMIMO-r13
CSI-RS-ConfigNZP-EMIMO-r13
OPTIONAL
-- Need ON







]]

}

CSI-RS-ConfigNZP-EMIMO-r13 ::=
CHOICE {


release





NULL,


setup





SEQUENCE {



nzp-resourceConfigList-r13

SEQUENCE (SIZE (1..2)) OF 
NZP-ResourceConfig-r13

,



cdmType






ENUMERATED {cdm2, cdm4}
OPTIONAL
-- Need OR


}

}

NZP-ResourceConfig-r13 ::=
SEQUENCE {

csi-RS-ConfigNZPId-r11


CSI-RS-ConfigNZPId-r11,


antennaPortsCount-r13


ENUMERATED {an1, an2, an4, an8},


resourceConfig-r11



INTEGER (0..31),


subframeConfig-r11



INTEGER (0..154),


scramblingIdentity-r11


INTEGER (0..503),


qcl-CRS-Info-r11



SEQUENCE {



qcl-ScramblingIdentity-r11

INTEGER (0..503),



crs-PortsCount-r11



ENUMERATED {n1, n2, n4, spare1},



mbsfn-SubframeConfigList-r11
CHOICE {





release





NULL,





setup





SEQUENCE {






subframeConfigList


MBSFN-SubframeConfigList





}



}















OPTIONAL
-- Need ON


}
















OPTIONAL,
-- Need OR

}
ResourceConfig-r13 ::=



INTEGER (0..31)
-- ASN1STOP

Proposal 3 Adopt the proposed changes to incorporate Rel-13 CSI-RS configuration applicable for Class A.
4 Codebook subset restriction configuration

The FD-MIMO feature defines two CSI reporting types for the UE and defines two new sets of codebooks. The two new CSI reporting types are Class A and Class B as depicted in Figure 1. 

[image: image9]
Figure 1: The relation between the two new CSI-reporting types. The blue colour indicates when legacy codebook is used and orange when one of the new sets of codebooks is used.
As stated in the LS from RAN1 [1], three new parameters are needed for codebook subset restriction:

	R13-Codebook-Subset-Restriction-1
	Only applies when CSIReportingType = Class A 

	R13-Codebook-Subset-Restriction-2
	Only applies when CSIReportingType = Class A

	R13-Codebook-Subset-Restriction-3
	Only applies when CSIReportingType = Class B (K=1) PMI-Config = 1 


The Class A uses one new set of codebooks which are defined in 36.213 7.2.4 in Tables 7.2.4-10 to 7.2.4-17. The codebook subset restrictions needed to operate with these codebooks are also defined in 36.213 as codebookSubsetRestriction-1 and codebookSubsetRestriction-2 in separate tables. 
A UE configured for CSI reporting type Class B may be configured with one or multiple Rel-11 CSI-RS resources per CSI-process. When configured with a single CSI-RS resource, the UE is additionally configured with a PMI-Config parameter that defines if the other new set of codebooks, defined in 36.213 7.2.4 in Tables 7.2.4-18 to 7.2.4-20, is used. These new codebooks are restricted by codebookSubsetRestriction-3 parameter defined in 36.213. In other cases where UE is configured for Class B type of CSI reporting, pre-Rel13 codebooks are used and thus the pre-Rel13 codebook subset restriction structure. 
Therefore we propose a structure with a codebookSubsetRestrictionSelection field that selects either pre-Rel13 CBSR (ClassB other), or CBSR1 and CBSR2 (for ClassA), or CBSR3 (ClassB, K=1,PMI-Config=1). Then, the field description explains the use cases for the different CBSRs. 

P-C-AndCBSR-r13 ::=
SEQUENCE {


p-C-r13









INTEGER (-8..15),


codebookSubsetRestrictionSelection-r13

CHOICE{



codebookSubsetRestriction-r13



BIT STRING,



codebookSubsetRestrictionClassAList-r13

SEQUENCE {




codebookSubsetRestriction1-r13



BIT STRING,




codebookSubsetRestriction2-r13



BIT STRING



},



codebookSubsetRestriction3-r13



BIT STRING,



...

}

}











	codebookSubsetRestrictionSelection

Selects parameter codebookSubsetRestriction (see TS 36.213 [23]) in case the CSI-process is configured  with csi-RS-ConfigNZPIdListExt containing at least two entries, or with csi-RS-ConfigNZPIdListExt containing one entry and pmi-Config is set to “2”. Selects parameter codebookSubsetRestrictionClassAList which includes codebookSubsetRestriction1 (see TS 36.213 [23] Table 7.2-1d) and codebookSubsetRestriction2 (see TS 36.213 [23] Table 7.2-1e) in case the CSI-process is configured csi-ReportingType set to classA. Selects parameter codebookSubsetRestriction3 (see TS 36.213 [23] Table 7.2-1f) when the CSI-process is configured with csi-RS-ConfigNZPIdListExt containing one entry and pmi-Config is set to “1”. The number of bits in codebookSubsetRestriction, codebookSubsetRestriction1, codebookSubsetRestriction2 and codebookSubsetRestriction3 is defined in TS 36.213 [23].



Proposal 4 To adopt the proposed changes in order to restrict the codebooks used in FD-MIMO according to RAN1 agreements.
5 Conclusion
This contribution includes the following proposals:

Proposal 1
Adopt the proposed field description for eMIMOType parameter.
Proposal 2
Adopt either option 1 or option 2 as a changed to parameter alternativeCodebookEnabledBeamformed.
Proposal 3
Adopt the proposed changes to incorporate Rel-13 CSI-RS configuration applicable for Class A.
Proposal 4
To adopt the proposed changes in order to restrict the codebooks used in FD-MIMO according to RAN1 agreements.
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