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Discussion and decision
1 Introduction

As a result of [92#11][LTE/MIMO], RAN2 agreed the  (REL-13) CR to 36.331 on introducing the EBF/ FD MIMO parameters in R2-157062. During the e-mail discussion some comments were provided regarding the use of the codebook subset restriction (CBSR) fields in different cases. This contribution mainly clarifies the background of the currens signalling approach and suggests a slight modification of the ASN.1.

2 Discussion

The following table provides information about the related issue(s) and the feedback provided.

	No
	Clause(s)
	Description

	E.073
	6.3.2 CSI-Process

RAN1 LS states
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 
Current RRC does not comply with this

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


legacySet





SEQUENCE {



p-C-r11





INTEGER (-8..15),



codebookSubsetRestriction1-r13
BIT STRING

}











OPTIONAL,
-- Cond BeamformedKna

codebookSubsetRestriction2-r13
BIT STRING

OPTIONAL,
-- Cond NonPreCoded


codebookSubsetRestriction3-r13
BIT STRING

OPTIONAL
-- Cond BeamformedK1a
}

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

Both CBSR1 and CBSR2 should apply to Cond NonPrecoded

LG proposal in the email discusion has been to edit as follows:

P-C-AndCBSR-r13 ::=    SEQUENCE {

        legacySet                                            SEQUENCE {

               p-C-r11                                      INTEGER (-8..15),

               codebookSubsetRestriction-r11 BIT STRING

        }                                                    OPTIONAL,      -- Cond BeamformedKna

        newSet                                                SEQUENCE {
        codebookSubsetRestriction1-r13         BIT STRING
        codebookSubsetRestriction2-r13         BIT STRING

}                                                    OPTIONAL,      -- Cond NonPreCoded

        codebookSubsetRestriction3-r13         BIT STRING     OPTIONAL       -- Cond BeamformedK1a

}

Not sure of the structure but in 213 there is CBSR, CBSR1, CBSR2, CBSR3 defined separately. According to 213:

For a UE configured in transmission mode 9 or 10, and for a CSI process and UE configured with higher layer parameter CSI-Reporting-Type, and CSI-Reporting-Type is set to ‘CLASS B’, and more than one CSI-RS resource configured, the bitmap parameter codebookSubsetRestriction is configured for each CSI-RS resource of the CSI process and each subframe sets (if subframe sets 
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 and 
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C

 are configured by higher layers) by higher layer signaling.
The LG edit seems correct. The length of the Rel 13 codebook for class A is N1O1N1O2

For the below table it is cleat that the List should be deleted and there should be these four entries as currently the table is missing CBSR1 alltogether. I did not find any reference why the deleted sentence shold or should not be there for CBSR2.

For CBSR3 213 says:

For a UE configured in transmission mode 9 or 10, and for a CSI process and UE configured with higher layer parameter CSI-Reporting-Type, and CSI-Reporting-Type is set to ‘CLASS B’, and one CSI-RS resource configured, and higher layer parameter PMI-Config is set to ‘1’, the bitmap parameter codebookSubsetRestriction-3 is configured for the CSI process and each subframe sets (if subframe sets 
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 and 
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 are configured by higher layers) by higher layer signaling. 

In RAN2 spec there is alternativeCodebookEnabledBeamformed  correspond to PMI-Config in RAN1 and CBSR3 applies when PMI-Config=1 which means thw W2 feedback. W2 feedback is enabled when alternativeCodebookEnabledBeamformed  is configured. 

codebookSubsetRestriction
Parameter: codebookSubsetRestriction, see TS 36.213 [23] and TS 36.211 [21]. The number of bits in the codebookSubsetRestriction for applicable transmission modes is defined in TS 36.213 [23].

codebookSubsetRestriction1
Parameter: codebookSubsetRestriction1, see TS 36.213 [23] and TS 36.211 [21]. The number of bits in the codebookSubsetRestriction1 for applicable transmission modes is defined in TS 36.213 [23].
codebookSubsetRestriction2List
Parameter: codebookSubsetRestriction2, see TS 36.213 [23] and TS 36.211 [21]. The number of bits in the codebookSubsetRestriction2 for applicable transmission modes is defined in TS 36.213 [23].If p-C-AndCBSRList-r13 is included, E-UTRAN includes 2 entries otherwise 1 (i.e. E-UTRAN configures the same number of entries for the original and the CBSR2 field.
codebookSubsetRestriction3
Parameter: codebookSubsetRestriction3, see TS 36.213 [23] and TS 36.211 [21]. The number of bits in the codebookSubsetRestriction3 for applicable transmission modes is defined in TS 36.213 [23]. E-UTRAN configures the field only if neither p-C-AndCBSRListExt csi-RS-ConfigNZPIdListExt is not configured, but nor alternativeCodebookEnabledBeamformed is not configured.
Same comment for BeamformedK1a as for CBSR3 above.

Conditional presence

Explanation

BeamformedK1a

The field is optionally present, need OR, if included in CSI-RS-InfoBeamformed while neither csi-RS-ConfigNZPIdListExt is not configured, but nor alternativeCodebookEnabledBeamformed is configured. Otherwise the field is not present

BeamformedKna

The field is optionally present, need OR, if included in CSI-RS-InfoBeamformed while csi-RS-ConfigNZPIdListExt is configured but alternativeCodebookEnabledBeamformed is not. Otherwise the field is not present

NonPreCoded

The field is optionally present, need OR, if included in CSI-RS-InfoNonPrecoded. Otherwise the field is not present

Thus, I would second LG’s comments but not sure of the RRC code structure.
	Discuss whether the RRC specification is aligned with RAN1 specs.

CATT: related to C.053, C.054, C.055, propose to discuss the structure to reflect the RAN1 agreement clearly.
Samsung: We intend to draft a contribution on this


Starting points regarding extension approach i.e. re-use legacy fields

RAN2 is normally using the non-ciritical extension approach, i.e. to re-use existing fields/ values and only add what is really needed in addition. For enhancements of existing functionality, a critical extension (i.e. creating a re-version of an IE replacing the original version) is normally only introduced if there is a problem to use the non-critical extension approach. This approach was followed as much as possible in the agreed CR introducing the EBF/ FD MIMO changes (R2-157062).

Legacy fields
For TM9, E-UTRAN uses antennaInfoDedicated to configure CBSR if PMI/RI reporting is configured and if the number of CSI-RS ports exceeds 1. From REL-10, CBSR is a variable size bit string while size constraints are specified in RAN1 specifications. Furthermore, for TM9 E-UTRAN configures p-C within CSI-RS-Config-r10
Note
In release 10 RAN2 agreed to have a variable length field, in order to hide any details/ constraints regarding CBSR size (covered by reference to RAN1 specifications). It seems preferable to continue the approach of hiding details e.g. regarding size from RAN2 specifications.

For TM10: Per CSI process it is possible to signal upto 2 sets of parameters, each comprising of a p-C and a CBSR. Each set corresponds to a different set of sub-frames. As the channel characteristics of these sub-frame sets may be different, it should be possible to configure the p-C and CBSR values independently per sub-frame set.
Required number of p-C and CBSR fields with EBF/ FD-MIMO
The following table provides an overview of the number of independently configurable CBSR fields that are needed in the different scenario’s. The table also indicates the usage of the different fields, referring to:

· 
W1/2: The first/ second PMIs in the configured codebook
· 
Ns: The number of sub-frame setds configured (value equals 1 for TM9)
· k: The number of resource configurations

· Np: The number of processes configured

For TM9 Np, Ns and k can be regarded as 1 (or not applicable), in which case the situation is as reflected by the following table:

	Case
	PMI
	#pC
	# CBSR
	1st
	2nd (and so)
	Remarks

	a) Nonprecoded (class A)
	N/A
	1
	2
	w1
	w2
	

	b) Beamformed (class B wih K=1)
	1
	1
	1
	w1
	 
	

	c) Beamformed (class B wih K=1)
	2
(ACBE-B)
	1
	1
	w2
	 
	


For TM10, the situation is as reflected by the following table:
	Case
	PMI
	#pC
	# CBSR
	1st
	2nd (and so)
	Remarks

	a) Nonprecoded (class A)
	N/A
	Np* Ns
	2* Np* Ns
	w1
	w2
	Per sub-frame set (Ns, upto 2) 1 p-C and 2 CBSR values. Ns value 2 only applies for TM10

	b) Beamformed (class B wih K=1)
	1
	Np* Ns
	Np* Ns
	w1
	 
	

	c) Beamformed (class B wih K=1)
	2
(ACBE-B)
	Np* Ns
	Np* Ns
	w2
	 
	

	d) Beamformed (class B wih K>1)
	N/A
	Np*k* Ns
	Np*k* Ns
	w1+ w2
	w1+ w2
	Per process (Np, upto 4), per resource configuration (k, upto 8), per sub-frame set (Ns, upto 2) a set comprising p-C and CBSR


Signalling alternatives (re-using legacy fields)

Let’s first consider TM9. According to the normal extension approach the existing CBSR and pC (in antennaInfoDedicated and CSI-RS-Config respectively) should be re-used when possible. This means that only for case a), non-precoded, an extension is needed to cover an additional CBSR value. This was done by extending IE CSR-RS-Config, as shown below.

CSI-RS-Config-v13x0 ::=

SEQUENCE {


eMIMO-Type-r13



CHOICE {



release





NULL,



setup





CHOICE {




nonPrecoded-r13



CSI-RS-InfoNonPrecoded-r13,




beamformed-r13



CSI-RS-InfoBeamformed-r13



}


}













OPTIONAL
-- Need ON

}
CSI-RS-InfoNonPrecoded-r13 ::=


SEQUENCE {

p-C-AndCBSRList-r13





SEQUENCE (SIZE (1..2)) P-C-AndCBSR-r13
OPTIONAL,
-- Need OR,

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


legacySet





SEQUENCE {



p-C-r11





INTEGER (-8..15),



codebookSubsetRestriction1-r13
BIT STRING

}











OPTIONAL,
-- Cond BeamformedKna

codebookSubsetRestriction2-r13
BIT STRING

OPTIONAL,
-- Cond NonPreCoded

codebookSubsetRestriction3-r13
BIT STRING

OPTIONAL
-- Cond BeamformedK1a
}

CSI-RS-InfoBeamformed-r13::=


SEQUENCE
{

p-C-AndCBSR-PerResourceConfigList-r13
SEQUENCE (SIZE (1..7)) OF P-C-AndCBSR-PerResourceConfig-r13
OPTIONAL,
-- Need OR
The additional CBSR is covered as follows:
· For non-precoded (condition nonPrecoded) the referenced IE (CSI-RS-InfoNonPrecoded) includes the option to signal a CBSR2 per subframe set. A statement in the field description clarifies that E-UTRAN signals the same number of entries as for the legacy CBSR, which should also clarify that in case of TM9 a single entry applies 

· For bearmformed, the referenced IE includes the option to signal upto 7*2 sets of pc and CBSR, but a statement that EUTRAN does not configure field p-C-AndCBSRList for TM9 seems missing (to be added in the field description)
Now let’s consider TM10, for which again the assumption is to re-use the existing set comprising p-C and CBSR signalled per sub-frame set in CSI-Process when possible. Consequently no additional signalling is required for case b) and c). In case d) there is a need to signal per CSI process upto upto 7*2 sets of pc and CBSR.

In the specification, it is considered to be sufficiently clear p-C and CBSR are used i.e. for bearmformed, the referenced IE includes the option to signal upto 7*2 sets of pc and CBSR, and it should be obvious that EUTRAN does not configure the field for k= 1. In case k> 1, the field p-C-AndCBSR-PerResourceConfigList allows configuration of upto 7*2 sets of pc and CBSR (condition Beamformed Kna)

For case a), there is a need to additionally signal per process and per sub-frame set 1 CBSR value. In the specification the IE CSI-RS-InfoNonPrecoded includes the option to signal a CBSR2 per subframe set. A statement in the field description clarifies that E-UTRAN signals the same number of entries as for the legacy CBSR:
It is finally noted that P-C-AndCBSR includes a CBSR3 field for the case of beamformed with K=1, which based on our analysis does not seem needed as the legacy CBSR field can be re-used. Hence we propose the following:

Proposal 1
Remove field CBSR3 from IE P-C-AndCBSR-r13 (not needed, as legacy CBSR is re-used)

The corresponding changes are shown below.
P-C-AndCBSR-r13 ::=
SEQUENCE {


legacySet





SEQUENCE {



p-C-r11





INTEGER (-8..15),



codebookSubsetRestriction1-r13
BIT STRING

}











OPTIONAL,
-- Cond BeamformedKna

codebookSubsetRestriction2-r13
BIT STRING

OPTIONAL
-- Cond NonPreCoded


}

	Conditional presence
	Explanation

	
	

	BeamformedKna
	The field is optionally present, need OR, if included in CSI-RS-InfoBeamformed while csi-RS-ConfigNZPIdListExt is configured but alternativeCodebookEnabledBeamformed is not. Otherwise the field is not present

	NonPreCoded
	The field is optionally present, need OR, if included in CSI-RS-InfoNonPrecoded. Otherwise the field is not present


Summary of re-use and suggested changes

The following table provides a summary of the discussion in this paper, focussing on the suggested re-use and the corresponding changes.

	Case
	Re-use
	Suggested changes

	Nonprecoded (class A)
	For TM9 one additional CBSR value, for TM10 an additional CBSR value per per process and per sub-frame set
	Could add statement that in case of TM9 p-C-AndCBSRList includes a single entry

	Beamformed (class B wih K=1), PMI type 1
	No additional signalling needed i.e. existing fields are re-used
	Add statement that in case of TM9 EUTRAN does not configure field p-C-AndCBSRList

	Beamformed (class B wih K=1), PMI type 2
	As above
	Covered by above

	Beamformed (class B wih K>1)
	Upto 7*2 sets of pc and CBSR per CSI process
	None

	General
	-
	Remove field CBSR3 from IE P-C-AndCBSR-r13 (as as legacy CBSR is re-used)


Proposal 2
Discuss and conclude the changes suggested in the table above

3 Conclusion & recommendation
This contribution discusses the signalling of the codebook subset restriction (CBSR) fields for EBF/ FD MIMO. The document includes the following proposals that RAN2 is requested to discuss and conclude:

Proposal 1
Remove field CBSR3 from IE P-C-AndCBSR-r13 (not needed)

Proposal 2
Discuss and conclude the changes suggested in the table above
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