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1 Introduction

In RAN#71, the work item “Enhancements on Full-Dimension (FD) MIMO for LTE” was approved in [1] which aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 1D and 2D port layouts with cross-poles at eNBs. 

Compared to Rel-13 FD-MIMO, major enhancements in Rel-14 eFD-MIMO were focused on CSI enhancements as summarized in below figure.
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In this contribution, we discuss the potential impact on RAN4 performance requirements in Rel-14 eFD-MIMO WI.
2 Discussion
2.1 Class A codebook extension and non-precoded CSI-RS enhancement
In Rel-13, in order to utilizing elevation and azimuth domains with 1D and 2D port layouts, {8, 12, 16} of CSI-RS antenna ports with 2D layout  and corresponding Class A dual stage codebook  were supported. For Rel-14 eFD-MIMO,  Rel.13 rank 1-8 Class A codebook tables are further extended to the agreed port layouts of {20, 24, 28, 32} ports. New Class A PMI test cases were required to verify UE PMI reporting accuracy according to CSI-RS ports extension upper to 32 ports. 
Meanwhile, new CDM pattern (CDM8) and port indexing were introduced for {20, 24, 28, 32} CSI-RS ports. In order to reduce NZP CSI-RS overhead with more than 16 CSI-RS ports, reduced CSI-RS overhead in frequency domain was supported in Rel-14 with CSI-RS density d ∈ {1,1/2, 1/3} RE/RB/port. Regarding PDSCH rate matching in the REs in PRBs with no CSI-RS ports within a group, such agreements were reached in RAN1:
	“CSI-RS overhead reduction is supported by Comb-like transmission, allowing PDSCH transmission in the REs in PRBs with no CSI-RS ports
· UE measures channel in REs in PRBs with CSI-RS ports and expects PDSCH in PRBs with no CSI-RS ports”


New UE performance requirements were required to verify no-precoded CSI-RS enhancement including new CDM pattern, port indexing for CSI-RS ports extension and PDSCH rate matching for reduced CSI-RS overhead.
It’s straightforward to jointly verify non-precoded CSI-RS enhancement   and class A codebook extension under Class A PMI test cases.
Proposal 1: Introducing new Class A PMI test cases in Rel-14 eFD-MIMO WI at least for such purpose:
· Class A codebook extension to {20,24,28,32} ports

· Non-precoded CSI-RS enhancement (CDM pattern, port indexing)

· PDSCH rare matching for reduced CSI-RS overhead
2.2 Semi-open-loop transmission 
In order to achieve robust performance for high mobility UEs, new semi-open-loop MIMO transmission scheme was introduced in Rel-14 eFD-MIMO WI under TM9/TM10 mode. DMRS based on semi-open-loop transmission supports upper to ran2 transmission: co-phase cycling scheme is used for rank2 and SFBC is used for rank1 transmission. A new DMRS port indication was introduced as below:
	Value
	    Message

	0
	2 layers, ports 7-8, nSCID=0

	1
	2 layers, ports 7-8, nSCID=1


New CSI derivation assumption was defined for semi-open-loop transmission, the UE assumes a single DMRS beam semi-statically configured by codebook subset restriction. For the purpose of CSI feedback, both dual-stage codebook and single stage codebook were supported with different PMI adaption assumption.
Furthermore, due to orphan REs for Rank 1 SFBC transmission in CSI-RS and DMRS symbols, PDSCH is rate matched around orphan REs.
Proposal 2: Introducing performance requirements for DMRS based semi-open-loop MIMO transmission in Rel-14 eFD-MIMO WI at least for below purpose:
· PDSCH rate matching around orphan REs for rank1 SFBC transmission

· UE demodulation processing

· FFS for UE CSI derivation 
2.3 Advanced CSI
In Rel-14, advanced codebook was introduced to utilize linear combination of two main orthogonal beams. Dual-stage codebook structure was used,
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.Wideband W1 matrix consists of two main beam selection and relative power selection. Sub-band W2 matrix consists of co-phasing selection and coefficient vector between two beams selection.
Following RAN1 agreements, {4, 8, 12, 16, 20, 24, 28, 32} CSI-RS ports are supported in advanced CSI and no MR enhancement in Rel-14. Meanwhile advanced CSI is not supported Class B CSI (including hybrid CSI) and semi-open-loop transmission in Rel-14.

One major issue  to support advanced CSI codebook is UE processing complexity for precoding matrix selection as several information needed to be selected including:
· Wideband W1 : Two main beam selection, relative power selection

· Sub-band W2: Coefficient vector selection
Proposal 3: Introducing new PMI test cases for advanced CSI codebook in Rel-14 eFD-MIMO WI.
2.4 Hybrid CSI 

In Rel-14, hybrid CSI was introduced as one CSI process consists of two CSI reporting configurations. 1st and 2nd eMIMO-Type refer to a 1st and a 2nd CSI reporting configurations in one CSI process can be rather than ‘Class A’ or ‘Class B’ CSI reporting configurations. Two Hybrid CSI mechanisms were supported in Rel-14：

· Hybrid CSI mechanism 1: Hybrid CSI is realized by with one CSI process, support at least CLASS A for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type

· Hybrid CSI mechanism 2: Hybrid CSI reporting with one CSI process, support Class B with K>1 CSI-RS resources for the 1st eMIMO-Type and Class B with K=1 CSI-RS resources for the 2nd eMIMO-Type

Different CSI reporting contents are required for 1st eMIMO-type and 2nd e-MIMO-Type. New CSI test cases were required to verify hybrid CSI mechanism 1 and mechanism 2. 
Proposal 4: Introducing new CSI test cases for hybrid CSI mechanism 1 and CSI mechanism 2 in Rel-14 eFD-MIMO WI.
2.5 BF CSI-RS enhancement

Aperiodic CSI-RS and multi-shot CSI-RS

Aperiodic CSI-RS and multi-shot CSI-RS mechanisms were introduced in Rel-14 to facilitate hybrid CSI reporting, meanwhile reduced CSI-RS density especially for UE specific precoded CSI-RS resources.
	“Multi-shot” CSI-RS

· Two-step NZP CSI-RS resource configuration:

· Step 1. RRC configuration with a Rel-13 periodic CSI-RS-Resource-Config IE

· Configure a UE with K = {1, 2, .., 8} CSI-RS resources

· Step 2. Activation/release mechanism

· Activate N out of K CSI-RS resources per CSI process

· Note: Activation refers to transmission of N CSI-RS resources 

· Once activated, a CSI resource remains activated until released


	Aperiodic CSI-RS

· Two-step NZP CSI-RS resource configuration:

· Step 1. RRC configuration with a newly defined Aperiodic CSI-RS-Resource-Config IE

· Without Subframe_config

· Configure a UE with K = {1, 2, .., 8} CSI-RS resources

· Step 2. Activation/release mechanism

· Activate N out of K CSI-RS resources per CSI process

· Note: Activation refers to down selection of N out of K CSI-RS resources

· Once activated, a CSI resource remains activated until released

· FFS: Whether N is always equal to K or the case where K=N is not precluded

· If N is always equal to K, step 2 is bypassed


New performance requirements were required to verify UE supporting “multi shot” CSI-RS and aperiodic CSI-RS mechanism. Considering RAN4 work-load, it’s better to jointly verify such functionality with other test cases i.e. hybrid CSI test cases.
Proposal 5: Introducing performance test cases for “Multi-shot” CSI-RS and Aperiodic CSI-RS mechanisms.

· Above functionality can be jointly verified in hybrid CSI test cases. 
Reduced CSI-RS density for BF CSI-RS

Furthermore for Class B, reduced CSI-RS density was also supported for BF CSI-RS. However if such reduced CSI-RS density  functionality already verified in Class A PMI test case, we didn’t see the necessity of additional configured for Class B test cases from UE processing aspect. On the other side, following RAN1 agreement for eFD-MIMO feature list, density reduction of Class A and Class B is separate. If needed, we prefer to jointly verify in hybrid CSI test cases.
Proposal 6: It’s FFS whether additional functionality test case for reduced CSI-RS density of BF CSI-RS needed or not if such functionality already verified in Class A PMI test cases
· If needed, this functionality can be jointly verified in hybrid CSI test case
QCL for multi shot CSI-RS

In TM10, activation/deactivation of an NZP CSI-RS with subframe_config can be configured with UEs configured with QCL Type B, where NZP CSI-RS configured for activation/deactivation can be indicated in PQI for QCL purposes, and follow legacy QCL assumption. Considering TM9 is a more generic transmission mode, and UE behaviour on QCL behaviour B has already verified in Rel-11 TM10 test case, we prefer not to introduce additional test case for this functionality in Rel-14 eFD-MIMO WI.

Proposal 7: No need to introduce additional test for QCL behaviour B for multi-shot CSI-RS in Rel-14 eFD-MIMO WI.
A-ZP-CSI-RS 
For PDSCH rate matching, 2-bit aperiodic ZP CSI-RS resource signaling field is introduced in DL-related DCIs for all both TM9 and TM10.  AP ZP CSIRS resource configuration is defined without subframe_config. UE conducts PDSCH rate matching on AP ZP CSIRS at the subframe when the DCI is signaled. AP ZP CSI-RS resource signaling field descriptions are

· State ‘0’:  The 1st RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘1’:  The 2nd RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘2’:  The 3rd RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘3’:  The 4th RRC-configured AP ZP CSIRS is indicated to be applied.

Proposal 8: Introducing performance test case covering PDSCH rate matching with AP ZP-CSI-RS configuration
· Above functionality can be jointly verified in other performance test case i.e. DMRS based semi-open-loop transmission test case
2.6 UL DMRS enhancement

In order to support uplink MU-MIMO transmission scheme, IFDMA DMRS with RPF=2 only was be supported in Rel-14. 
Below table was introduced for joint CS/OCC/IFDMA indication and one additional bit in DCI format 0 and 4 was added to indicate the switch between switch UL DMRS configuration tables
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Generally, from UE processing aspect, the impact on such UL DMRS enhancement is marginal and no UE performance impact foreseen for this feature.

On the other side, from BS demodulation perspective, one BS demodulation test case may be required to verify BS demodulation supporting new IFDMA DMRS with RPF =2. 
Proposal 9: No UE performance impact foreseen for UL DMRS enhancement.
Proposal 10: It’s FFS whether new BS demodulation requirements needed or not for supporting IFDMA DMRS.
2.7 General test configurations
TM mode

Based on RAN1 agreements, all Rel-14 eFD-MIMO features are supported by TM9 and TM10 except QCL B for multi-shot CSI-RS which only valid for TM10.  For DMRS based transmission TM9 has more wide usage compared to TM10 and TM10 is an optional transmission mode for UE supporting. 
Proposal 11: Introduce UE performance requirements for Rel-14 eFD-MIMO WI under TM9 mode except for the case of QCL behaviour B with multi-shot CSI-RS if needed.

Number of receiver antennas
Considering 4Rx is an optional feature based on UE capability as per band per band combination. Meanwhile, 2Rx configuration in UE side already can server Rel-14 eFD-MIMO test purpose.

Proposal 12: Introduce UE performance requirements for Rel-14 eFD-MIMO WI under 2Rx assumption.
3 Conclusion

In this contribution, we discuss the potential impact on RAN4 performance requirements in Rel-14 eFD-MIMO WI. Such performance impact was foreseen based on analysis:

UE performance impact

Proposal 1: Introducing new Class A PMI test cases in Rel-14 eFD-MIMO WI at least for such purpose:

· Class A codebook extension to {20,24,28,32} ports

· Non-precoded CSI-RS enhancement (CDM pattern, port indexing)

· PDSCH rare matching for reduced CSI-RS overhead
Proposal 2: Introducing performance requirements for DMRS based semi-open-loop MIMO transmission in Rel-14 eFD-MIMO WI at least for below purpose:

· PDSCH rate matching around orphan REs for rank1 SFBC transmission

· UE demodulation processing

· FFS for UE CSI derivation 
Proposal 3: Introducing new PMI test cases for advanced CSI codebook in Rel-14 eFD-MIMO WI.
Proposal 4: Introducing new CSI test cases for hybrid CSI mechanism 1 and CSI mechanism 2 in Rel-14 eFD-MIMO WI.
Proposal 5: Introducing performance test cases for “Multi-shot” CSI-RS and Aperiodic CSI-RS mechanisms.

· Above functionality can be jointly verified in hybrid CSI test cases. 
Proposal 6: It’s FFS whether additional functionality test case for reduced CSI-RS density of BF CSI-RS needed or not if such functionality already verified in Class A PMI test cases

· If needed, this functionality can be jointly verified in hybrid CSI test case
Proposal 7: No need to introduce additional test for QCL behaviour B for multi-shot CSI-RS in Rel-14 eFD-MIMO WI.

Proposal 8: Introducing performance test case covering PDSCH rate matching with AP ZP-CSI-RS configuration
· Above functionality can be jointly verified in other performance test case i.e. DMRS based semi-open-loop transmission test case
Proposal 9: No UE performance impact foreseen for UL DMRS enhancement.

BS performance impact

Proposal 10: It’s FFS whether new BS demodulation requirements needed or not for supporting IFDMA DMRS.

Overall test configuration
Proposal 11: Introduce UE performance requirements for Rel-14 eFD-MIMO WI under TM9 mode except for the case of QCL behaviour B with multi-shot CSI-RS if needed.

Proposal 12: Introduce UE performance requirements for Rel-14 eFD-MIMO WI under 2Rx assumption.
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