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1 Introduction

As discussed during the ASN.1 adhoc, the implementations of FD-MIMO in the RAN1 specs and 36.331 are not fully aligned in a few areas.  This contribution addresses the following issues, proposing how to align the specifications. 
-
RAN2 specifications identify FD-MIMO CSI reporting as being “non-precoded” or “beamformed”, whereas the RAN1 specifications use the more generic terms of “Class A”, and “Class B”, respectively.

-
RAN1 specifications and 36.331 use different names for the same parameters in some cases.

-
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.
2 Background for FD-MIMO

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. 
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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.
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 that is configured with Class A type of CSI reporting may be configured with only a single CSI-RS resource per CSI-RS process (TM10). Note that this background section is described from TM 10 perspective and TM9 is addressed separately. 

A UE configured for CSI reporting type Class B may be configured with one or multiple 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. 
3 Codebook Subset Restriction for Rel-13 Codebooks
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 new Class A codebook requires two parameters: R13-Codebook-Subset-Restriction-1 and R13-Codebook-Subset-Restriction-2.  R13-Codebook-Subset-Restriction-1 is used to identify which beam indices/directions are restricted and for which ranks they are restricted.  It restricts the beams that can be used to form W1, independent of the number of the number of transmitted layers.  If a PMI includes a restricted beam index, the UE should not include the PMI in its CSI feedback.  R13-Codebook-Subset-Restriction-2 restricts how W2 is formed, and is used to restrict the rank of CSI feedback, the beams selected from W1, and the beams’ cophasing.  UEs should not include PMIs with restricted beam selections or cophasing in their CSI feedback.  It can be observed that this behaviour is different from Rel-12 codebook subset restriction, where each codeword in the codebook can be restricted via a bit in the Rel-12 CBSR bitmap.  The Class A CBSR cannot restrict individual codewords, only the beams that can make up W1 and which W2 matrices may be used.
The new Class B codebook requires one parameter: R13-Codebook-Subset-Restriction-3.  This parameter identifies which ports can be selected and/or co-phased. The layer 1 behavior is different from the new Class A or Rel-12 codebooks in that the CBSR for those codebooks targets the slowly varying, wideband precoding in W1, and therefore is more amenable to controlling inter-cell/beam interference.  CBSR for the new Class B codebook presupposes that the CSI-RS ports are already beamformed, and so targets control of the combinations of beams or rank the UE may report rather than managing inter-cell/beam interference.
Observation 1 The new Class A codebook requires two new distinct parameters to restrict which PMIs a UE can report in CSI feedback: one primarily for restricting beam indices/directions, and one for restricting rank, beam combinations, and co-phasing. These parameters are defined in separate tables in 36.213.
Observation 2 The new Class B codebook requires one new parameter for port selection and cophasing.

Observation 3 Rel-12 CBSR restricts individual codewords in order to control inter-cell/beam interference. It is not possible to reuse Rel-12 CBSR as any of the new CBSR1, CBSR2 or CBSR3. 

Given these differences in the number of required parameters and their L1 behavior, it is natural to have the 3 distinct parameters agreed in RAN1 and presently used in 36.213.  Therefore we propose:
Proposal 1 36.331 provides R13-Codebook-Subset-Restriction-1, R13-Codebook-Subset-Restriction-2, and R13-Codebook-Subset-Restriction-3 as distinct parameters and uses those together with legacy CBSR for FD-MIMO.
Further, as described above, in addition to these three new CBSR parameters the legacy codebook subset restriction is needed as a separate parameter. 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-13 SEQUENCE {

            codebookSubsetRestriction-1-r13  BIT STRING,

            codebookSubsetRestriction-2-r13  BIT STRING



            },












codebookSubsetRestriction-3-r13
BIT STRING





}

}
P-C-AndCBSR-PerResourceConfig-r13 ::=
SEQUENCE (SIZE (1..2)) OF P-C-AndCBSR-r13

	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].


	


	



The conditional presences BeamformedK1a, BeamformedKna, and NonPreCoded in the table below are not then needed, which in current form were not suitable for indicating the different use cases for the different CBSRs. The reason is that BeamformedK1a refers to two subcases where different CBSRs are to be used.
4 CSI Reporting Identifiers and Parameter Naming
4.1 Identifiers for FD-MIMO CSI Reporting Classes
FD-MIMO enhancements target richer channel state information through measuring more CSI-RS ports / antenna elements (“Class A” or “non-precoded” CSI-RS), and more variably beamformed CSI-RS (“Class B” or “beamformed CSI-RS”).  While “non-precoded” and “beamformed” CSI-RS terminology was used during the study item phase, RAN1 decided to identify “Class A” and “Class B” FD-MIMO CSI reporting classes in the FD-MIMO work item.  However, 36.331 currently uses non-precoded and beamformed in its naming of IEs and conditions.  We provide background for RAN1’s decision in the following in order to explain concerns with the alternative terminology in 36.331.
“Non-precoded CSI-RS” and “beamformed CSI-RS” were used in the FD-MIMO study to motivate new RAN1 mechanisms to support enhanced CSI feedback.  Non-precoded CSI-RS is defined in the FD-MIMO TR 36.897 [3] as where “different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage”, while beamformed CSI-RS is defined as where “(at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage, and (at least from the eNB perspective) at least some CSI-RS port-resource combinations have different beam directions”.  While these definitions are reasonable, and useful to describe behaviour motivating new CSI feedback mechanisms, they are not perfect or universal.  For example, in the shared cell case with cells transmitted from multiple sectors and sites, non-precoded CSI-RS clearly does not have cell-wide coverage.
Furthermore, non-precoded or beamformed as names for specified modes could be too restrictive or at least confusing:  

-
For example, eNB could have 2 vertical beams each covering half of a cell, and each beam with say 16 Class A ports.  eNB would either assign multiple Class A CSI processes to UEs to measure the two beams (e.g. in high mobility case), or configure the UE to measure one of the beams (e.g. in low mobility case).   If we strictly follow the non-precoded definition, eNB could not assign Class A resources, and this quite reasonable use case would be excluded.
-
Conversely, a UE could be configured to measure two Class B CSI-RS resources (two “beams”) corresponding to two adjacent cells, and the CRI could be used to perform fast cell selection.  Here, the CSI-RS resources would have cell wide coverage, and so would not meet the definition of beamformed CSI-RS as defined in 36.897.  If the definition of beamformed CSI-RS is strictly followed, eNB could not configure this (again quite reasonable) use case.

As a rule, RAN1 tends to avoid using descriptive labels for specified modes / features, which avoids unintended restrictions like those described above.  On the other hand, some high level description would be useful to understand the motivation for specifying Class A and Class B operation.  This type of description seems more appropriate for stage 2 specifications, and so could be captured in 36.300.   Therefore, the simplest way forward would seem to be to use RAN1 terminology and parameter names in 36.331, and to relate Class A and Class B operation to non-precoded and beamformed CSI-RS in 36.300.
Observation 4 RAN1 used the terms “non-precoded” and “beamformed” CSI-RS terminology in the FD-MIMO study item phase to motivate new mechanisms to support enhanced CSI feedback, not as identifiers to specify FD-MIMO operation.

Observation 5 RAN1 definitions of “non-precoded” and “beamformed” CSI-RS are useful to describe behavior motivating new CSI feedback mechanisms, but are not perfect or universal.

Observation 6 Specifying FD-MIMO CSI reporting as ‘Class A’ and ‘Class B’ operation to support “non-precoded” and “beamformed” CSI-RS respectively avoids unintended restrictions on FD-MIMO configurations and misinterpretation of specified behavior.
- It is customary to use generic identifiers for specified features to avoid such misinterpretations.
- Clarifications of the application of non-precoded or beamformed CSI-RS can be included in stage 2 descriptions, such as 36.300.

Proposal 2 Replace “non-precoded” and “beamformed” in 36.331 IEs with “Class A” and “Class B” respectively.

4.2 FD-MIMO Parameter Naming
The RAN1 specs and 36.331 have different names for the same parameter in a few cases.  The ones we have found are:
	36.331 Parameter  / Condition
	36.212 and 36.213 Parameter  / Condition

	eMIMO-Type
	CSI-Reporting-Type

	alternativeCodebookEnabledBeamformed
	PMI-Config set to ‘1’

	eMIMO-Type set to “beamformed” and alternativeCodebookEnabledBeamformed is not set
	PMI-Config set to ‘2’


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.  Changing 36.331 seems a simpler approach, since renaming these parameters in the RAN1 specs will impact both 36.212 and 36.213, and since these variables are 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 and the codebooks that are referred there. For eMIMO-Type, the change is rather small as well would result in not using WI titles as parameter names but to have a more descriptive terminology. CSI reporting type is what is configured here as the parameter indicates.
CSI-RS-InfoBeamformed-r13::=


SEQUENCE
{

csi-RS-ConfigNZPIdListExt-r13 


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


csi-IM-ConfigIdListExt-r13



SEQUENCE (SIZE (1..7)) 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

}
Observation 7 The RAN1 specifications and 36.331 have different names for the same parameters, leading to unclear FD-MIMO operation.

Observation 8 Changing 36.331 seems a simpler approach than changing both 36.212 and 36.213, especially since the FD-MIMO parameters are extensively used in these two specifications.

Proposal 3 Change 36.331 parameters to match those in the RAN1 specs.

5 Configuration of Class A and Class B

The current intention of using existing configuration for Class B as first of the CSI-RS resources for a CSI-process does not work well with the Class B definition, where the parameter PMI-Config(alternativeCodebookEnabledBeamformed) should be used in the case a single, that is the first, CSI-RS resource is configured. Thus we suggest that the CSI-RS-InfoClassB-r13 is used for all CSI-RS resources configured for a CSI-process of Class B as follows:
CSI-RS-InfoClassB-r13::=


SEQUENCE
{


csi-RS-ConfigNZPIdListExt-r13 


SEQUENCE (SIZE (1..8)) OF CSI-RS-ConfigNZPId-r11
OPTIONAL,
-- Need OR


csi-IM-ConfigIdListExt-r13



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


p-C-AndCBSR-PerResourceConfigList-r13
SEQUENCE (SIZE (1..8)) 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

}

The field description for PMI-Config(alternativeCodebookEnabledBeamformed) refers to all new codebooks defined for FD MIMO including Class A and Class B codebooks and to a Class A specific table on oversampling factors when it should refer only to the Class B codebooks. Suggested change is:
	CSI-RS-Info field descriptions

	PMI-Config
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 configured with csi-ReportingType set to classB and with csi-RS-ConfigNZPIdListExt containing one entry.

	codebookConfigNx
Indicates the number of antenna ports per polarization in dimension x as used for transmission of CSI reference signals. Value an1 corresponds to 1 antenna port, an2 to 2 antenna ports and so on, see TS 36.213 [23].


Finally, in order to clarify which codebooks are used in which case we suggest to add the below field description for the csi-Reporting-Type-r13
	CSI-Process field descriptions

	csi-ReportingType

Parameter: csi-ReportingType, see TS 36.213. When the parameter csi-ReportingType is set to classA, 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 csi-ReportingType is set to classB 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.


Proposal 4 Adopt the above changes in order to correctly configure Class A and Class B CSI reporting types
6 Conclusion
As discussed during the ASN.1 adhoc, the implementation of FD-MIMO in the RAN1 specs and 36.331 are not fully aligned in a few areas.  This contribution considers approaches to correct the misalignments, leading to the following proposals:
Proposal 1
36.331 provides R13-Codebook-Subset-Restriction-1, R13-Codebook-Subset-Restriction-2, and R13-Codebook-Subset-Restriction-3 as distinct parameters.
Proposal 2
Replace “non-precoded” and “beamformed” in 36.331 IEs with “Class A” and “Class B” respectively.
Proposal 3
Change 36.331 parameters to match those in the RAN1 specs.
Proposal 4
Adopt the above changes in order to correctly configure Class A and Class B CSI reporting types
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