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7.3.3 Enhancements on Full-Dimension (FD) MIMO for LTE
WID in RP-160623
R1-162390
Rel.14 eFD-MIMO WID Progress Plan
Samsung, Nokia Networks, CATT
7.3.3.1 Reference Signals
7.3.3.1.1 Non-precoded CSI-RS

For {20, 24, 28, 32} ports with mechanism for overhead reduction
R1-162861
General views on non-precoded CSI-RS enhancement
CMCC
R1-162684
Discussions on CSI-RS enhancements for class A CSI reporting in eFD-MIMO
Samsung
R1-162345
Discussion on non-precoded CSI-RS design for eFD-MIMO
ZTE
R1-162806
CSI-RS Design Supporting up to 32 Antenna Ports
Nokia, Alcatel-Lucent Shanghai Bell
R1-162367
Discussion on CSI-RS for Class A FD-MIMO
Intel Corporation
R1-163079
CSI-RS Design for Class A eFD-MIMO
Ericsson

R1-162437
Design for Non-precoded CSI-RS for overhead reduction
NEC
R1-162596
CSI-RS pattern design for up to 32 ports
Huawei, HiSilicon
R1-162279
CSI-RS enhancement for {20,24,28,32}  ports
CATT
R1-162968
Discussion on CSI-RS port extension
NTT DOCOMO

R1-163038
Enhancements on Non-precoded CSI-RS for eFD-MIMO
Qualcomm Incorporated

R1-162685
Port-based CSI-RS overhead reduction
Samsung
R1-162280
Discussion on CSI-RS overhead reduction
CATT
R1-162395
Discussion on non-precoded CSI-RS
Fujitsu

R1-162448
Aperiodic CSI-RS for non-precoded CSI-RS
ZTE

R1-162487
New CSI-RS designs for eFD-MIMO
LG Electronics

R1-163162
Non-precoded CSI-RS overhead reduction for FD-MIMO
Intel Corporation
R1-163580
WF on enhancements for non-precoded CSI-RS LG Electronics, Ericsson, ETRI, NEC, Samsung
Agreements: 

· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations [i.e. RE patterns].

· The number of REs in the kth configuration Nk ∈ {4, 8}

· The same Nk = N can be used for all k 
· FFS whether the same Nk = N for all k is the only permitted configuration 

· FFS whether the set of values of Nk might be further restricted for some numbers of CSI-RS ports

· FFS whether a different set of Nk might apply in case of CDM4
· FFS on including Nk=2.

· Aim to enable the support of CSI-RS port sharing with Rel-13 and Rel-12 UEs 

· The per-port CSI-RS density is FFS based on one or more of the following alternatives:
· FDM
· TDM

· Partial port

· Partial overlapping, e.g. for 32 ports, ports 15-38 in PRB#1, ports 23-46 in PRB#2
· Aperiodic CSI-RS with partial bandwidth

· Measurement restriction in frequency domain

· CDM, e.g. 2 x Nk ports transmitted in a single Nk resource 

· Other schemes 
· Note that the following are not precluded:

· per-port CSI-RS density per PRB = 1

· different per-port CSI-RS densities for different CSI-RS ports is not precluded

R1-163617
WF on Design Principles for {20, 24, 28, 32} ports NZP CSI-RS resource in Rel-14
Qualcomm, Intel, Xinwei, ZTE 
Proposal:

· The aggregation of CSI-RS resource configuration is used to support {20, 24, 28, 32} NZP CSI-RS ports 
· Backward compatibility with Rel-13 and Rel-12 UEs for CSI-RS port sharing shall be supported

· The use of CDM-length 2 and 4 is maintained for {20, 24, 28, 32} CSI-RS ports

· The CDM-length 8 is not precluded. Details FFS.

· FFS on lower density and overhead reduction techniques 

R1-163457
WF on CSI-RS RE density for non-precoded CSI-RS
Samsung, Nokia, Alcatel-Lucent Shanghai Bell, NEC, LGE, ZTE, ETRI, NTT DOCOMO, Huawei 
Revision of R1-163616
R1-163549
WF on additional REs for Class A NZP CSI-RS resource
Intel
7.3.3.1.2 Beamformed CSI-RS
More efficient resource utilization for UE-specific BF CSI-RS, including aperiodic CSI-RS
R1-162686
Specification impact of aperiodic CSI-RS
Samsung

R1-162599
Efficient utilization of BF CSI-RS
Huawei, HiSilicon

R1-163039
Enhancements on Beamformed CSI-RS for eFD-MIMO
Qualcomm Incorporated

R1-162368
On possible approaches to CSI-RS overhead reduction for Class B FD-MIMO
Intel Corporation

R1-162281
On aperiodic CSI-RS transmission
CATT
R1-162807
Proposals for Improving RS Utilization for beamformed CSI-RS Transmission Schemes
Nokia, Alcatel-Lucent Shanghai Bell

R1-162346
Enhancements on Beamformed CSI-RS
ZTE

R1-162488
Enhancements on beamformed CSI-RS including aperiodic CSI-RS
LG Electronics

R1-162969
Discussion on Aperiodic CSI-RS
NTT DOCOMO

R1-162987
Discussion on resource utilization for UE-specific BF CSI-RS
ITRI

R1-163134
Considerations on Aperiodic CSI-RS
Beijing Xinwei Telecom Techn.
R1-163582
WF on enhancements for aperiodic CSI-RS
LG Electronics, NTT DOCOMO, Samsung, ZTE
Proposal:

· Aperiodic NZP CSI-RS resource is supported in Rel-14, where

· It can only be configured for PUSCH based A-CSI reporting.

· Two types of CSI-RS resource configurations are supported:

· Type 1: Reuse of legacy (semi-static) CSI-RS resource allocation/configuration

· Type 2: A new aperiodic CSI-RS resource allocation/configuration

· Without Subframe_config 

· Whether aperiodic CSI-RS resource allocation/configuration (e.g. # of ports, CSI-RS pattern, port subset) is semi-static or dynamic or a combination between semi-static and dynamic is FFS

· Note: If resource allocation/configuration is fully semi-static, no extra bit in the UL-related DCI is needed to support aperiodic CSI-RS

· Aperiodic CSI-RS transmission instance is indicated by UL-related DCI:

· For Type 2, aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI

· For Type 2, aperiodic CSI-RS can be transmitted in any DL subframe that the UL-related DCI can be present.

· Other alternatives, e.g., indicated by DL-related DCI, are FFS.

· Details on rate matching needed due to aperiodic NZP/ZP CSI-RS transmission(s) are FFS.

· FFS: Aperiodic CSI-IM resource is supported in Rel-14. 

R1-163618
Way Forward on overhead reduction for Class B Beamformed CSI-RS
Qualcomm, Intel, Ericsson, Xinwei 
Agreements: 

· Until RAN1#85, down-selection/merge the following alternatives for reducing the overhead for beamformed CSI-RS, considering overhead reduction, performance, backward compatibility, UE implementation complexity:
· Alt.1: Aperiodic CSI-RS

· E.g., One-shot CSI-RS transmission with transmission on the same subframe as triggering subframe 

· Alt.2: Dynamic CSI-RS activation and/or deactivation

· E.g., One-shot or multi-shot CSI-RS transmission after the triggering subframe 

· Alt.3: Reduced frequency density via decimation over part or all of the bandwidth
· Alt.4: MR with dynamic sharing of the beams on CSI-RS resources among the UEs 

· Alt.5: Triggered measurement of one of multiple CSI-RS configurations
· Alt.6: Spatially multiplexed beamformed CSI-RS
· Other approaches are not precluded

R1-163546
WF on overhead reduction for Class B FD-MIMO with K = 1 
Intel, Nokia, ASB
7.3.3.1.3 Uplink DM-RS
Evaluate and, if needed, specify more orthogonal ports with partially overlapping BW allocations
R1-162282
Discussion on UL DMRS enhancement
CATT

R1-162347
Discussion on UL DMRS enhancement for eFD-MIMO
ZTE

R1-162369
Uplink DM-RS enhancements for FD-MIMO
Intel Corporation

R1-162438
Discussion on uplink DM-RS enhancement
NEC

R1-162489
Discussion on uplink DMRS enhancements for eFD-MIMO
LG Electronics

R1-162601
Uplink DMRS enhancement to support more orthogonal partial overlapped ports
Huawei, HiSilicon

R1-162687
Discussion on uplink DMRS for partially overlapping bandwidth allocations
Samsung

R1-162808
Proposals of Evaluation Assumptions of UL MU-MIMO for FD-MIMO
Nokia, Alcatel-Lucent Shanghai Bell

R1-162809
Motivation and Initial Evaluation Results of UL DMRS Enhancement
Nokia, Alcatel-Lucent Shanghai Bell

R1-163040
Improving Uplink DM-RS Orthogonality for MU-MIMO
Qualcomm Incorporated

R1-163135
Discussion on uplink DM-RS enhancement
Beijing Xinwei Telecom Techn.
R1-163602
WF on UL DMRS
Intel Corporation, Nokia, Alcatel-Shanghai Bell, Samsung, CATT
Also supported by NEC

R1-163834
WF on Uplink DMRS
Intel, Samsung
Also supported by Nokia & ASB

Agreements:
· Evaluation assumptions on Slides 2 and 3. 

Conclusions:
· Consider the following possible DMRS enhancements in the evaluation:

· IFDMA DMRS with a comb number of 2 and/or 4

· More DMRS symbols (with or without larger OCC), e.g.:

· IFDMA DMRS subcarriers with PUSCH REs, or 
· across 2-subframe pairing

· Enhancement of DMRS sequence generation, including DMRS transmitted in a wider BW than the associated PUSCH
· Frequency domain OCC
· Other solutions are not precluded 
· Companies are to state their Rel-13 baseline scheme. 
7.3.3.2 CSI Reporting
R1-162688
Discussions on periodic CSI reporting for class A in eFD-MIMO
Samsung
7.3.3.2.1 Non-precoded CSI-RS codebooks
For newly defined number of ports for NP CSI-RS for a subset of possible port layouts,both 1D and 2D
R1-162283
Antenna port layouts for Rel-14 FD-MIMO
CATT

R1-162284
Codebook design for {20,24,28,32} ports
CATT

R1-162348
Discussion on rank 1-2 codebook design for eFD-MIMO
ZTE

R1-162490
Discussions on codebook design for eFD-MIMO
LG Electronics

R1-162597
Discussion on codebook design for up to 32 CSI-RS ports
Huawei, HiSilicon

R1-162689
View on class A codebook extension
Samsung

R1-162810
Codebook Design Supporting Antenna Configurations Up to 32 Ports
Nokia, Alcatel-Lucent Shanghai Bell

R1-162970
Codebook enhancement for non-precoded CSI-RS
NTT DOCOMO

R1-162988
Discussions of NP CSI-RS codebook for newly defined number of ports
ITRI

R1-163041
Non-precoded CSI-RS Codebooks for eFD-MIMO
Qualcomm Incorporated

R1-163084
Parameterization and CSI reporting for up to 32 port FD-MIMO
Ericsson

R1-163186
Performance evaluation of Class A codebooks with 32 ports
Intel Corporation
7.3.3.2.2 CSI reporting for hybrid CSI-RS
Hybrid between NP and BF CSI-RS or different types of BF CSI-RS
R1-162285
CSI reporting for hybrid CSI-RS
CATT

R1-162690
CSI reporting for hybrid CSI-RS
Samsung

R1-163042
Discussion on Hybrid CSI-RS Operation for eFD-MIMO
Qualcomm Incorporated

R1-163081
Hybrid CSI Reporting Design Targets
Ericsson

R1-163187
CSI enhancements for hybrid FD-MIMO
Intel Corporation
R1-162349
Discussion on CSI reporting for hybrid CSI-RS
ZTE

R1-162491
Discussion on CSI reporting enhancements for hybrid CSI-RS
LG Electronics

R1-162598
CSI reporting mechanism for joint utilization of different CSI-RS types
Huawei, HiSilicon

R1-162691
Hybrid PMI codebook and CSI reporting
Samsung

R1-162692
CSI reporting for hybrid CSI-RS
Samsung

R1-162811
Hybrid CSI reporting using BF and NBF CSI-RS
Nokia, Alcatel-Lucent Shanghai Bell

R1-162862
Considerations on hybrid non-precoded CSI-RS and beamformed CSI-RS
CMCC

R1-162971
CSI reporting for hybrid CSI-RS
NTT DOCOMO

R1-163120
Discussion on Joint Utilization of Different CSI-RS Types
Beijing Xinwei Telecom Techn.

R1-163581
WF on Hybrid CSI Reporting
Samsung, Alcatel-Lucent Shanghai Bell, CATT, Nokia, Qualcomm, LG Electronics, Beijing Xinwei, Interdigital, AT&T, China Telecom, Huawei, HiSilicon, CMCC, CATR 
Revised in R1-163665
Samsung, Alcatel-Lucent Shanghai Bell, CATT, Nokia, Qualcomm, LG Electronics, Beijing Xinwei, Interdigital, AT&T, China Telecom, Huawei, HiSilicon, CMCC, CATR, Ericsson 
(Note that slide 3 is illustrative only)
Agreements:
· Specify at least one of the following enhancements on Rel.14 CSI reporting:
· One CSI process configured with 2 independent eMIMO-Types associated with different sets of parameters
· Each eMIMO-Type is associated with a set of K≥1 NZP CSI-RS resources
· Note that the 2 independent eMIMO-Types may be of the same Class
· Note that if it decided that the two independent eMIMO-Types are always of the same class, then only 1 eMIMO-Type with 2 different sets of parameters would be sufficient. 
· An additional mechanism for CSI calculation applied to a configuration with a pair of CSI processes each of which is configured with 1 eMIMO-Type

· Notes:

· This does not preclude the possibility of specifying a new eMIMO type in Rel-14 and the use of this new type for Hybrid CSI reporting 
· Down-selection (if any) between the two enhancements will be decided in RAN1#85

R1-163548
WF on hybrid Class A and Class B operation 
Intel
Revised in R1-163763
WF on hybrid Class A and Class B operation   Intel, Samsung, LG

Observations:

The following alternatives have been discussed and may be studied: 
· Study the following alternatives for the CSI reporting for hybrid Class A and Class B K=1 FD-MIMO and compare with the baseline of Alt 1 including i2 and CQI
· Alt 1: Class A CSI with single i1 + RI

· Alt 2: Class A CSI with multiple i1 + RI

· Alt 3: Class A CSI with single i1 

· Alt 4: Class A CSI with multiple i1

· Note for the Alt 3-4 RI can be restricted to 1
· Note that any of the above alternatives may be reported with or without CQI and/or i2

· Note that the CSI measurement may be based on partial or whole set of CSI-RS ports
· Other alternatives and merging of alternatives are not precluded
· Study the following alternatives for the CSI reporting for hybrid Class B and Class B FD-MIMO and compare with the baseline of both Class Bs with full CSI
· Alt 1: The first Class B has K>1 with CRI, and optionally i1, second Class B has K =1
· Alt 2: The first Class B has K>1 with K independent CSI reports, second Class B has K =1
· Alt 3: The first Class B has K=1 with PMI, second Class B has K =1
· Alt 4: The first Class B has K>1 with CRI, and optionally i1, second Class B has K >1
· Alt 5: The first Class B has K>1 with K independent CSI reports, second Class B has K >1
· Alt 6: The first Class B has K=1 with PMI, second Class B has K >1

· Other alternatives and merging of alternatives are not precluded

7.3.3.2.3 Advanced CSI reporting and interference measurement
(Second priority) Evaluate and, if needed, specify enhancements on CSI reporting to improve eNB precoding and interference measurement for MU transmissions
R1-162595
Discussion on analog CSI feedback
Huawei, HiSilicon

R1-162693
Linear combination codebook and CSI reporting
Samsung

R1-162812
Initial Evaluation Results with Advanced CSI Reporting
Nokia, Alcatel-Lucent Shanghai Bell
R1-163454
WF on Rel.14 Advanced CSI
Nokia, Alcatel-Lucent Shanghai Bell, Samsung, CATT, Huawei, HiSilicon, Qualcomm

Conclusions:
· Evaluate proposed advanced CSI schemes

· Baseline for comparison:
· Implicit CSI feedback based on Rel.13 codebook (as well as its extension to >16 ports) or other legacy codebooks if applicable

· Performance and feedback overhead should be provided

· Simulation scenarios:

· FTP model 1 with 70% and 50% traffic loading

· Evaluations should include dynamic switching between MU- and SU-MIMO 

· Other simulation details can refer to 36.897 EB/FD MIMO SI 

Candidates for PMI Enhancement:
· Codebook based (implicit feedback)

· Linear combination codebook (enhanced W2) for Non-precoded CSI-RS and beamformed CSI-RS

· MU CSI (e.g., additional i1, i1,1, or i1,2) 
· Other new or modified codebooks
· Explicit feedback 

· Channel quantization 

· Eigenvector quantization

· Covariance matrix quantization

· Analog feedback
· Note: other schemes are not precluded
Candidates for CQI Enhancement:
· CQI Derivation 
· Interference estimation based on NZP CSI-RS
· MU-CQI conditioned on MU hypotheses and CSI-IM
· Reduced CQI feedback delay
· Note: other schemes are not precluded

R1-162127
Discussion on enhanced CQI measurement and feedback
Huawei, HiSilicon

R1-162286
On Interference enhancement for multi-user MIMO operation
CATT

R1-162561
CSI Reporting for MU transmission
Sony

R1-162694
Advanced CSI reporting paradigm
Samsung

R1-162695
Discussions on MU CSI enhancement in eFD-MIMO
Samsung

R1-162696
Discussions on interference measurement enhancement in eFD-MIMO
Samsung

R1-162863
Enhancing interference measurement for MU transmissions
CMCC

R1-163043
High level View on CSI enhancements for MU-MIMO
Qualcomm Incorporated

R1-163080
Potential for Advanced CSI Reporting Enhancements
Ericsson

R1-163185
Discussion on SINR calculation accuracy using NZP CSI-RS
Intel Corporation
7.3.3.3 DMRS-based Open-Loop and Semi-Open-LoopTransmission
Evaluate and, if needed, specify necessary CSI reporting scheme and open-loop (without PMI feedback) as well as semi-open-loop (with reduced PMI feedback) transmission scheme
R1-162287
Scenarios and evaluation assumptions for DMRS-based open-loop and semi-open-loop operation
CATT

R1-163456
WF on Evaluation Assumptions for DMRS based Semi-OL Samsung
Proposed modifications:

· FFS UE distribution including outdoor/indoor partitioning

· FFS UE speed

· FFS penetration loss

R1-163765
WF on Evaluation Assumptions for DMRS based OL and semi-OL
Qualcomm, NEC, Beijing Xinwei, Intel 

Discuss the above two proposals for scenarios and assumptions offline, and aim for a converged proposal for approval on Thur – Youngwoo - R1-163666.
Agreed in R1-163832
R1-163833
Outcome of offline session
Samsung
R1-162288
Discussion on DMRS based open-loop MIMO
CATT

R1-162289
Discussion on DMRS based semi-open-loop MIMO
CATT

R1-162350
Discussion on DMRS-based Open-Loop and Semi-Open-Loop Transmission
ZTE

R1-162370
Discussion on the enhancements for open-loop transmission schemes
Intel Corporation

R1-162371
On CSI enhancements for open loop MIMO
Intel Corporation

R1-162492
Discussion on OL and Semi-OL MIMO scheme
LG Electronics

R1-162600
Discussion on DMRS based open loop transmission
Huawei, HiSilicon

R1-162697
Discussions on open and semi-open loop transmission in eFD-MIMO
Samsung

R1-162813
Initial Evaluation Results of DMRS-based open-loop transmission schemes
Nokia, Alcatel-Lucent Shanghai Bell

R1-163044
UERS-based Open-Loop and Semi-Open-Loop Transmission
Qualcomm Incorporated

R1-163083
Use Cases for (Semi-) Open Loop DMRS Transmission
Ericsson

R1-163121
Discussion on DMRS-based Semi-openloop Transmissions
Beijing Xinwei Telecom Techn.

R1-163127
Consideration on DM RS based open loop transmission
CATR

R1-163212
Need for discussions on DMRS based Open/Semi-open loop MIMO schemes for eFD-MIMO
CEWiT
R1-163455
WF on DMRS-based Open-Loop and  Semi-Open-Loop MIMO
CATT, Alcatel-Lucent Shanghai Bell, CATR,Intel, Huawei, HiSilicon, Nokia, Samsung

Agreement: 

· Evaluate open-loop and semi-open-loop MIMO schemes until RAN1#85

· Example schemes proposed in RAN1#84bis are provided below
· NOTE: other schemes are not precluded 

· Companies are encouraged to provide performance, CSI feedback and transmission details 

Example: a CSI-process with K = 1 CSI-RS
· Alt-1a:  Transparent DMRS (i.e. DMRS and PDSCH precoded identically)

· PMI feedback points to one of N precoding hypotheses, where each precoding hypothesis corresponds to a set of M>1 precoding matrices on a subband

· PMI overhead log2(N) bits, where N can be 1

· Example: 

· PRB-level or subcarrier(s)-level cycling of M precoders

· Cycling for a subset of codebook by Codebook-subset-restriction

· Cycling for i2, not for i1 (W1 reporting only for dual-stage codebook, e.g. Rel.10 8Tx, Rel.12 4Tx, Rel.13 Class A and its possible Rel.14 enhancements)

· Alt-1b:  Non-transparent DMRS (i.e. DMRS and PDSCH precoded differently)

· Received PDSCH signal as y = HW1W2s + n, where, S is unprecoded PDSCH, W2 refers to OL-precoding from L layer PDSCH to D DMRS ports, W1 refers to CL-precoding from DMRS/PDSCH to CSI-RS ports (or non-precoded channel)
· RI/PMI feedback: quantization of W1,  based on H and knowledge of W2

· CQI feedback: quantization of HW1W2

· Example of W2 precoding (open-loop)

· Rank-1: SFBC (RE-level)

· Rank-2: LD-CDD or layer permutation
Example: a Class B CSI-process with K>1 CSI-RS
· Alt-2a:  

· A single wideband CRI report and/or long-term PMI
· Open-loop/semi-open-loop with K=1 is performed in the CSI-RS resource indicated by CRI

· Alt-2b:

· CRI cycling, no CRI report

· open-loop/semi-open-loop with K=1 is performed in the corresponding CSI-RS resource indicated by CRI










