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Discussion and decision
1 Introduction

This contribution we discuss the introduction of eMIMO REL-14 in TS 36.331. The contribution mainly discusses some choices to make regarding how to introduce the configuration parameters agreed by RAN1 (and as indicated in R1-1613805).
2 Discussion

General
The REL-14 eMIMO work item primarily introduces the following additional functionality:

· Non-precoded (sheet NP CSI-RS)
· Beamformed (sheet BF CSI-RS)
· Hybrid mode i.e. configuration of a 2nd eMIMO configuration (sheet Hybrid CSI)
· Other i.e. UL DMRS, class A codebook extension, advanced CSI, semi open loop (all having separate sheets in Excel)

It seems that some (very similar) fields are needed for both non-precoded (NP) and beamformed (BF) CSI. This concerns fields related to an NZP resource configuration, for which unfortutely there are some differences in the current signalling:
-:
Originalally a single NZP resource configuration was defined as follows:

· TM9
By field resourceConfig-r10 in CSI-RS-Config-r10
· TM10
By field csi-RS-ConfigNZPId-r11 in CSI-Process-r11. This concerns a reference to an NZP resource configurations with a larger set of parameters are defined in physicalConfigDedicated by field csi-RS-ConfigNZPToAddModList (by which it is possible to configure a list of entries defined by CSI-RS-ConfigNZP-r11)
In REL-13/14 entries are introduced in addition to the original/ single (per process) NZP resource configuration (see above), as follows:
NP:
NZP resource configs with a limited number of parameters are included in CSI-RS-ConfigNonPrecoded-r13 by field csi-RS-ConfigNZP-EMIMO-r13. It a.o. includes upto 2 entries defined by IE NZP-ResourceConfig-r13, further extended in REL-14 with an additional 4 of the same entries.
BF:
Field csi-RS--ConfigNZPIdListExt in CSI-RS-ConfigBeamformed includes the same kind of references to NZP resource configurations with a larger set of parameters as defined by CSI-RS-ConfigNZP-r11
When there is a need to configure additional parameters per NZP resource configuration, we think the options as indicated in the following table should be considered:

	What
	General
	Remark

	Original, TM9
	Add to CSI-RS-Config-r10, CSI-RS-ConfigEMIMO, CSI-RS-ConfigNonPrecoded/ CSI-RS-ConfigBeamformed
	Any eMIMO related info are better added to CSI-RS-ConfigEMIMO or one of its subfields. So far we don’t have fields common for NP and BF. It thus seems most straigtforward to extend IEs CSI-RS-ConfigNonPrecoded/ CSI-RS-ConfigBeamformed

	Original, TM10
	Add to CSI-RS-ConfigNZP-r11
	

	NP additions (TM9/ TM10)
	Add to NZP-ResourceConfig-r13
	

	BF additions (TM9/ TM10)
	Add to CSI-RS-ConfigNZP-r11
	


Tab. 1: Introduction of additional parameters per NZP resource configuration

The additional parameters introduced per NZP resource configuration are: transmission combining offset (transmissionComb) and frequency density (frequencyDensity). We understand that RAN1 has agreed some restrictions regarding the setting of these fields (e.g. that EUTRAN configures same value of frequency density for all NZP resource configs in case of NP CSI-RS). In principle this could be reflected by adopting another signalling structure for NP. We however prefer to use a common signalling structure for both NP and BF and rather reflect this in field descriptions (by reference to RAN1 specifications).

Based on the analysis described in the previous, we propose:

Proposal 1
Introduce parameters per NZP resource configuration (i.e. transmission combining offset and frequency density) in accordance with table 1. Adopt a common signalling structure and reflect any differences regarding E-UTRAN configuration constraints in the field descriptions.

Non-precoded (sheet NP CSI-RS)
Some considerations regarding how to include this information in TS 36.331:

· TM9 support: The RAN1 LS is not clear regarding TM9 support (for several fields merely mention TM10 related aspects i.e. per CSI processes). Given that:

a) It is easiest to continue the approach of signalling the parameters by an IE that is common for TM10 and TM9, i.e. by extending IE CSI-RS-ConfigNZP-EMIMO-r13
b) RAN1 has so far not explicitly discussed/ concluded whether the same extensions apply for TM9

We propose to continue, at least for now, the current signalling approach (and hence assume TM9 support)

Based on this, we propose the following:

Proposal 2
Introduce the additional non-precoded extensions to CSI RS assuming TM9 support (i.e. by extending IEs common for TM10 and TM9)

The following table provides some further details regarding the individual parameters.

	Parameter
	Description
	Remarks (mainly about placement)

	nzp-resourceConfigList-r13
	Additional entries so it is possible to configure 28 entries in total (4 ports each with 7 NZP configurations
	To be able to configure 7 NZP resource configurations, 0 upto 4 NZP-ResourceConfig entries are added (additional to the upto 2 REL13 and the 1 REL-11 NZP resource configs)
Extension of CSI-RS-ConfigNZP-EMIMO-r13 i.e. NZP related and per CSI RS config (nzp-resourceConfigListExt)

	FrequencyDensityNonPrecoded
	New parameter 
	Introduce offset value per NZP resource configuration (frequencyDensity). For the REL-11 NZP resource config, the field was added to IE CSI-RS-ConfigNZP-r11 and for the REL-13 and REL-14 NZP resource configs, the field was added to IE CSI-RS-ConfigNZP-EMIMO-r13
Field description states that RAN1 specification may include restrictions regarding setting of the field (EUTRAN configures same value for all NZP resource configs in case of NP CSI-RS)

	NZP-TransmissionCombNonprecoded (List) 
	New parameter
	introduce offset value per NZP resource configuration (transmissionComb)in same manner as for frequency density.

	cdmType
	Addition of value n8
	Extension of CSI-RS-ConfigNZP-EMIMO-r13 i.e. NZP related and per CSI RS config (cdmType-v14xy)


Tab. 2: Inclusion of NP CSI RS information in TS 36.331
We propose the following:

Proposal 3
Introduce the NP CSI RS information in accordance with table 2.
Beamformed
For beamformed, we assume the same proposal regarding information structure/ TM9 support applies:

Proposal 4
Introduce the additional beamfored extensions to CSI RS assuming TM9 support (i.e. by extending IEs common for TM10 and TM9)

The following table provides some further details regarding the individual parameters.

	Parameter
	Description
	Remarks(mainly about placement)

	CSI-RS-ConfigNZP-Ap
	Add parameter per CSI process, covering same parameters as CSI-RS-ConfigNZP-r11 but without subframeConfig
	Extension of CSI-RS-ConfigBeamformed-r13 i.e. per CSI RS config (csi-RS-ConfigNZP-Ap).
A separate list is introduced for the aperiodic configuration, but a statement in the field description clarifies that EUTRAN configures the number of entries to be same as the number of NZP configurations

	numberActivatedAperiodicCSI-RS-Resources
	
	Extension of CSI-RS-ConfigBeamformed-r13 i.e. per CSI RS config (activatedResources)

	numberActivatedCSI-RS-Resources
	
	Extension of CSI-RS-ConfigNonPrecoded-r13 i.e. per CSI RS config (activatedResourcesAp)

	FrequencyDensityBeamformed
	New parameter 
	Extension of CSI-RS-ConfigNonPrecoded-r13 i.e. per CSI RS config (frequencyDensity)

	NZP-TransmissionComb Beamformed
	New parameter
	Introduce offset value per NZP resource configuration (transmissionComb). For BF the REL-11 NZP resource config is referenced, so the field was added to IE CSI-RS-ConfigNZP-r11 (also used for NP, see above)

	CSI-RS-ConfigZP-Ap
	New parameter, configured per cell
	Extension of PhysicalConfigDedicated(SCell) i.e. (csi-RS-ConfigZP-Ap)



Tab. 3: Inclusion of BF CSI RS information in TS 36.331

We propose the following:

Proposal 5
Introduce the BF CSI RS information in accordance with table 3.

Hybrid CSI
Sheet Hybrid CSI concerns the configuration of a second beamformed eMIMO CSI RS configuration, which E-UTRAN may configure in case the first eMIMO CSI RS configuration concerns non-precoded or beamformed with K>1 CSI-RS resources. For hybrid, we assume the same proposal regarding information structure/ TM9 support applies:

Proposal 6
Introduce the additional hybrid extensions to CSI RS assuming TM9 support (i.e. by extending IEs common for TM10 and TM9)

	Parameter
	Description
	Remarks

	CSI-RS-Config-EMIMO
	Add an additional eMIMO-Type parameter per CSI process
	Extension of CSI-Process and CSI-RS-Config (TM9) i.e. same as 1st eMIMO-Type-r13 (eMIMO-Type2)

	periodicityEMIMO1
offsetEMIMO1
	New parameter 
	A top level field for parameters not related to 1st or 2nd EMIMO config (but related to combination/ hybrid) is introduced as extension of CSI-Process and CSI-RS-Config (TM9) i.e. same as 1st eMIMO-Type-r13 (eMIMO-Hybrid)
Subfields are introduced (periodicityEMIMO1, offsetEMIMO1)

	Triggers
	New parameter
	A top level field for parameters not related to 1st or 2nd EMIMO config (but related to combination/ hybrid) is introduced as extension of CSI-Process and CSI-RS-Config (TM9) i.e. same as 1st eMIMO-Type-r13 (eMIMO-Hybrid)

Subfield is introduced (triggers)


Tab. 4: Inclusion of information related to hybrid CSI RS mode in TS 36.331

Some further remarks regarding how to include this information in TS 36.331:

· Applicability REL-14 extensions: It is not entirely clear if the REL-14 extensions are applicable for the 2nd eMIMO configuration e.g. the MAC activated aperiodic NZP resources. So far this is not included
· Hybrid info structure: The parametes for hybrid mode have 2 parts i.e. the 2nd EMIMO configuration and some parameters assumed to be unrelated to 1st or 2nd EMIMO config (but related to combination/ hybrid i.e. periodicity, offset and triggers. 
Based on this, we propose the following:

Proposal 7
Introduce the hybrid CSI RS information in accordance with table 4. For now use the the REL-13 IE for the the 2nd eMIMO configuration (i.e. not including the REL-14 extensions e.g. the MAC activated aperiodic NZP resources)

Miscellaneous
The following table provides some further details regarding the parameters covered by the other sheets i.e. sheet BF CSI-RS, Class A CB extension, Advanced CSI, Semi-open-loop.
	Parameter
	Description
	Remarks

	ul-DMRS-IFDMA
	Add parameter per CSI process
	Extension of CSI-Process but not of CSI-RS-Config i.e. not supported for TM9 (ul-DMRS-IFDMA)

	codebookConfigN1/2
	Simply introducing a few additional values
	Extension of values of the concerned fields in IE  CSI-RS-ConfigNonPrecoded

	advancedCodebookEnabled
	New parameter 
	Extension of CSI-Process but not of CSI-RS-Config i.e. not supported for TM9 (advancedCodebookEnabled)

	semiolEnabled
	New parameter, configured per cell (so add to physical config dedicated)
	Extension of PhysicalConfigDedicated(SCell) i.e. (semiOpenLoop)


Tab. 5: Inclusion of miscellaneous/ other information in TS 36.331

Some further remarks regarding how to include this information in TS 36.331:

· TM9: For the functions discussed here, there is no particular benefit to introduce support for TM9 already (i.e. there is no existing signalling structure common for TM10 and TM9, as for eMIMO). Hence, for now see no reason to introduce the concerned extensions for TM9 also (can be added after further clarification by RAN1)
· Semi OL: The parameters related to this function are currently introduced as a top level subfield of physicalConfigDedicated. Such subfields generally concern quite significant protocol fuctions e.g. PDSCH configuration, SRS configuration, CSI-RS configurations. In other words, it would seem appropriate to place them at a somewhat lower level (but so far no suitable location has been identified).

Based on this, we propose the following:

Proposal 8
Introduce the miscellaneous/ other in accordance with table 5. For now use the the REL-13 IE for the the 2nd eMIMO configuration (i.e. not including the REL-14 extensions e.g. the MAC activated aperiodic NZP resources)

3 Conclusion & recommendation
This contribution we discuss the introduction of eMIMO REL-14 in TS 36.331. The document includes the following proposals that RAN2 is requested to discuss and conclude:

Proposal 1
Introduce parameters per NZP resource configuration (i.e. transmission combining offset and frequency density) in accordance with table 1. Adopt a common signalling structure and reflect any differences regarding E-UTRAN configuration constraints in the field descriptions.

Proposal 2
Introduce the additional non-precoded extensions to CSI RS assuming TM9 support (i.e. by extending IEs common for TM10 and TM9)

Proposal 3
Introduce the NP CSI RS information in accordance with table 2.

Proposal 4
Introduce the additional beamfored extensions to CSI RS assuming TM9 support (i.e. by extending IEs common for TM10 and TM9)

Proposal 5
Introduce the BF CSI RS information in accordance with table 3.

Proposal 6
Introduce the additional hybrid extensions to CSI RS assuming TM9 support (i.e. by extending IEs common for TM10 and TM9)

Proposal 7
Introduce the hybrid CSI RS information in accordance with table 4. For now use the the REL-13 IE for the the 2nd eMIMO configuration (i.e. not including the REL-14 extensions e.g. the MAC activated aperiodic NZP resources)

Proposal 8
Introduce the miscellaneous/ other in accordance with table 5. For now use the the REL-13 IE for the the 2nd eMIMO configuration (i.e. not including the REL-14 extensions e.g. the MAC activated aperiodic NZP resources)
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Annex A: Overview of new functionality
The work item includes the following:

· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission
· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 
· Evaluate and, if needed, specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation 

· Extend specification support for CSI reporting in the following areas [RAN1]

· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D
· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS
· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded

· Evaluate and, if needed, specify enhancement to support DMRS-based open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas [RAN1]
· Necessary CSI reporting scheme, including with and without PMI; and/or

· Necessary open-loop transmission scheme

· Specify higher layer support of enhancements listed above [RAN2]
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