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1.1.1 Enhancements on Full-Dimension (FD) MIMO for LTE
WID in RP-160623
R1-165447
Proposed work plan for RAN1#85
Samsung, Nokia, CATT
Conclusion:

· RAN1 to aim to conclude on the three “evaluate and, if needed, specify” items

· Decide for each of the three items:

· whether to specify or not to specify

· if RAN1 decides to specify, decide the scope of specification work

· Based on the decisions, recommend to refine scoping of the WI to RAN plenary

1.1.1.1 Reference Signals
1.1.1.1.1 Non-precoded CSI-RS

For {20, 24, 28, 32} ports with mechanism for overhead reduction
R1-164142
Discussion on CSI-RS for Class A FD-MIMO with overhead reduction
Intel Corporation

R1-164214
CSI-RS enhancement for {20,24,28,32}  ports
CATT

R1-164771
Discussions on CSI-RS enhancements for Class A CSI reporting
Samsung

R1-165047
On non-precoded CSI-RS overhead reduction
InterDigital

R1-165199
Discussion on CSI-RS Port Extension
NTT DOCOMO, INC.

R1-165593
WF on enhancements for non-precoded CSI-RS
LG Electronics, Samsung, NEC
R1-165589
WF on NP CSI-RS Aggregation
ZTE, Qualcomm, Beijing Xinwei Tech.
Agreement:
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is aggregated as follows (where Mk is the # of CSI-RS ports in a CSI-RS configuration) 
· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk is either 4 or 8, where the same Mk = M used for all k

· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8

· For {20, 28} ports, FFS till RAN1#86 (including possible down-selection)

· Alt 1: ∑k Mk ∈ {20, 28}, Mk is either 4 or 8, where the same Mk = M used for all k

· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8. 

· If Mk=8 is supported, FFS the details

· Alt 2: ∑k Mk ∈ {20, 28}, Mk ∈ {4, 8}, where Mk may be different for different k

· FFS port numbering 

· FFS N vs. M

R1-165613
WF on non-precoded CSI-RS
Samsung, LGE, NEC
Proposal:

· For {20, 24, 28, 32} ports, CSI-RS RE density can be lower than 1RE/RB/port

· The chosen scheme(s) will be down-selected/merged among following alternatives

· FDM

· Partial port

Continue discussion offline till RAN1#86

R1-165616
Way-forward on CDM-8 for Non-Precoded CSI-RS
CATT, Intel, NEC
Proposal:
· At least OCC- 8 is supported for more than 16 ports non-precoded CSI-RS 

· other OCC value not precluded
Conclusion:

· Further discussion till RAN1#86, especially regarding evaluating different alternatives, e.g., using OCC 2/4/8, high reuse of CSI-RS, etc.

R1-164215
Discussion on CSI-RS overhead reduction
CATT

R1-164216
Discussion on backward compatiblity of Rel.12 and Rel.13 CSI-RS
CATT

R1-164308
Views on non-precoded CSI-RS design for eFD-MIMO
ZTE

R1-164309
Aperiodic CSI-RS for non-precoded CSI-RS
ZTE

R1-164324
Discussion on non-precoded CSI-RS
Fujitsu

R1-164335
CSI-RS Design Supporting up to 32 Antenna Ports
Nokia, Alcatel-Lucent Shanghai Bell

R1-164427
Non-precoded CSI-RS design for up to 32 ports
Qualcomm Incorporated

R1-164481
Design for Non-precoded CSI-RS for overhead reduction
NEC

R1-164483
Discussion on CSI-RS with CDM8
NEC

R1-164522
Discussion on CSI-RS designs for eFD-MIMO
LG Electronics

R1-164770
Port-based CSI-RS overhead reduction
Samsung

R1-164772
Evaluation results on CSI-RS RE densities
Samsung

R1-164822
CSI-RS pattern design for up to 32 ports
Huawei, HiSilicon

R1-164879
Discussion on non-precoded CSI-RS enhancement
CMCC

R1-164896
Discussion on Non-precoded CSI-RS Design for eFD-MIMO
Beijing Xinwei Telecom Techn.

R1-165094
CSI-RS Design for Class A eFD-MIMO
Ericsson

R1-165397
Discussion on Non-precodes CSI-RS for eFD-MIMO
Beijing Xinwei Telecom Techn.
1.1.1.1.2 Beamformed CSI-RS
More efficient resource utilization for UE-specific BF CSI-RS, including aperiodic CSI-RS
R1-164428
Enhancements on Beamformed CSI-RS for eFD-MIMO
Qualcomm Incorporated
R1-164523
Beamformed CSI-RS enhancements including aperiodic CSI-RS
LG Electronics

R1-164773
On aperiodic CSI-RS design
Samsung

R1-164845
PDSCH rate matching enhancement for aperiodic NZP and ZP CSI-RS
Huawei, HiSilicon

R1-165406 
Dynamic CSI-RS Design and Overhead Reduction
Ericsson
Revision of R1-165095

R1-165585
WF on beamformed CSI-RS enhancements
LG Electronics, Samsung, Qualcomm
Agreement:

· Scheme 1: Aperiodic NZP CSI-RS resource is supported in Rel-14 for Class B eMIMO-Type, where

· Only PUSCH based A-CSI reporting is supported.

· A new aperiodic CSI-RS resource allocation/configuration is defined

· Without Subframe_config
· Aperiodic CSI-RS transmission instance is indicated by UL-related DCI transmitted on a control channel with a CSI request field:

· Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI

· FFS whether or not the UE may not assume more than one aperiodic NZP CSI-RS resource. If more than one resource is allowed, FFS the signaling details

· FFS the number of bits for the CSI request field

· The control channel can be PDCCH or EPDCCH. FFS whether or not the case of EPDCCH can be precluded or with some restrictions/relaxations

· FFS whether or not periodic CSI-RS can be additionally configured

· Scheme 2: For Class B eMIMO-Type, the following CSI-RS resource configuration mechanism is supported 

· A UE receives an activation/release trigger containing a choice from multiple higher-layer-configured NZP CSI-RS resources for a given CSI process

· Each NZP CSI-RS resource can be either periodic or, aperiodic CSI-RS resource (if scheme 1 is supported)

· Details of the activation/release trigger (including the set of NZP CSI-RS resource configuration parameters) are FFS

· For an activation trigger received in subframe n, the transmission of the associated NZP CSI-RS resource will start no earlier than subframe n+X where X>0

· For a release trigger received in subframe n, the transmission of the associated NZP CSI-RS resource will stop after subframe n+Y where Y>0

· FFS the impact of multi-shot configuration, if supported

· FFS whether or not there are any significant issues regarding the potential misalignment about activation and/or release between eNB and UE, and if so, how to address them

· FFS whether or not to further enhance rate matching for PDSCH, particularly whether or not aperiodic NZP CSI-RS will not have impact on PDSCH RE mapping

· FFS the QCL details

· Down-selection between scheme 1 and scheme 2 (if any) to be discussed in RAN1#86

R1-165642
WF on Beamformed CSI-RS
Huawei, HiSilicon, CATT
R1-164336
CSI-RS Overhead Reduction for Beamformed CSI-RS Transmission Schemes
Nokia, Alcatel-Lucent Shanghai Bell

R1-164143
Discussion on CSI-RS overhead reduction schemes for Class B FD-MIMO
Intel Corporation

Conclusion:

· Candidate schemes for CSI-RS overhead reduction for Class B eMIMO-Type (2, 4, and 8 ports): 

· Scheme 1: Configurable CSI-RS frequency-domain density 

· Scheme 2: Localized CSI-RS in frequency domain

· Scheme 3: Configurable RPF pattern 

· Scheme 4: Frequency domain MR 
· Companies are encouraged to study the following issues in the next meeting:

· Backward compatibility 

· UE implementation restriction (for, e.g. channel estimation)

· Impact on eNB scheduling

· Impact on CSI reporting

· PDSCH rate matching   

R1-164217
On aperiodic CSI-RS transmission
CATT

R1-164218
Enhancements on beamformed CSI-RS
CATT

R1-164310
Enhancements on Beamformed CSI-RS
ZTE

R1-164858
Discussion on efficient utilization of BF CSI-RS
Huawei, HiSilicon

R1-164930
Discussion on beamformed CSI-RS
ITRI

R1-165200
Aperiodic CSI-RS with Semi-static Resource Reservation
NTT DOCOMO, INC.
1.1.1.1.3 Uplink DM-RS
Evaluate and, if needed, specify more orthogonal ports with partially overlapping BW allocations
R1-164144
Discussion on UL DMRS Enhancement for FD-MIMO
Intel Corporation

R1-164429
Performance evaluation of uplink DMRS enhancements for MU-MIMO
Qualcomm Incorporated
R1-164099
Discussion on more orthogonal DMRS ports with partial overlapping
Huawei, HiSilicon

R1-164311
Discussion on UL DMRS enhancement for eFD-MIMO
ZTE

R1-164337
UL DMRS Enhancement and Evaluations for FD-MIMO
Nokia, Alcatel-Lucent Shanghai Bell

R1-164484
Proposals for uplink DM-RS enhancement
NEC

R1-164219
Discussion on UL DMRS enhancement
CATT

R1-164348
General views on DM-RS enhancements in uplink for FD-MIMO
Fiberhome Technologies Group

R1-164524
Uplink DMRS enhancements for eFD-MIMO
LG Electronics

R1-164774
Discussion on uplink DMRS for partially overlapping bandwidth allocations
Samsung

R1-165096
Discussion on UL DMRS Enhancements
Ericsson
1.1.1.2 CSI Reporting
R1-164775
Discussions on periodic CSI reporting for class A in eFD-MIMO
Samsung
1.1.1.2.1 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
R1-164857
Discussion on codebook design to support up to 32 ports CSI-RS
Huawei, HiSilicon

R1-164430
Non-precoded CSI-RS Codebooks for eFD-MIMO
Qualcomm Incorporated
R1-164145
Discussion on Class A codebook extension
Intel Corporation

R1-164146
Performance evaluation of Class A codebooks with 32 ports
Intel Corporation

R1-164312
Discussion on rank 1-2 codebook design for eFD-MIMO
ZTE

R1-165097
Class A Codebook Design for up to 32 Ports in Rel-14
Ericsson
R1-165594
WF on enhancements on codebook for Rel-14
LG Electronics, ZTE, Qualcomm
Conclusion:
· Class A codebook enhancement: 

· Starting from Rel-13 Class A codebook design structure by enabling different N1 and N2 combinations 
· Reduce the number of combinations of codebook parameters (N1, N2, O1, and/or O2) 

· To be concluded in RAN1#86

· Examples: 
· Down select from 19 (N1,N2) combinations; and/or

· Reduce the number of (O1,O2) combinations

· Other possibilities are not excluded 
R1-164221
Codebook design for {20,24,28,32} ports
CATT

R1-164525
Discussion on codebook design for eFD-MIMO
LG Electronics

R1-164929
Discussions of codebook enhancement for up to 32 ports
ITRI

R1-164776
View on class A codebook extension
Samsung
R1-164220
Antenna port layouts for Rel-14 FD-MIMO
CATT

R1-165201
Codebook Enhancement for Non-precoded CSI-RS
NTT DOCOMO, INC.
R1-164338
Codebook Design Supporting Antenna Configurations Up to 32 Ports
Nokia, Alcatel-Lucent Shanghai Bell
1.1.1.2.2 CSI reporting for hybrid CSI-RS
Hybrid between NP and BF CSI-RS or different types of BF CSI-RS
R1-164222
CSI reporting for hybrid CSI-RS
CATT

R1-164339
Hybrid CSI measurement  and reporting schemes
Nokia, Alcatel-Lucent Shanghai Bell
R1-164431
Discussion on Hybrid CSI-RS Operation for eFD-MIMO
Qualcomm Incorporated

R1-164526
Discussion on CSI reporting enhancements for hybrid CSI-RS
LG Electronics

R1-165048
On Hybrid CSI-RS reporting scheme
InterDigital
R1-165606
WF on Hybrid CSI
Samsung, CATT, Interdigital, LG Electronics, Nokia, ALU Shanghai Bell, Qualcomm, Huawei, HiSilicon

R1-165617
Way Forward on Hybrid CSI Reporting
ZTE, NTT DOCOMO, Beijing Xinwei Tech., NEC
Working assumption:
· 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

· i1 is reported while CQI and i2 are not reported for the 1st eMIMO-Type (CLASS A)

· FFS: whether RI is reported for CLASS A 

· CQI/PMI/RI are reported for the 2nd eMIMO-Type (CLASS B K=1)

· At least one more mechanism is supported, to be discussed in RAN1#86

R1-164860
Discussion on Joint utilization of different types of CSI-RS

Huawei, HiSilicon

R1-164770
Port-based CSI-RS overhead reduction



Samsung
R1-164777
Hybrid PMI codebook based CSI reporting and simulation results
Samsung

R1-165202
CSI Reporting for Hybrid CSI-RS




NTT DOCOMO, INC.
R1-165920
WF on additional hybrid CSI mechanism 
NTT DOCOMO, LG Electronics, NEC, Qualcomm, Samsung
Conclusion:

· Candidate mechanisms to consider in RAN1#86

· Mechanism 2A: for hybrid CSI 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

· For the 1st eMIMO-Type, depending on the value of K

· K=1: CQI/RI are reported. In addition, i1 is reported for Rel.12 dual-stage codebooks 

· K>1: two options

· Option 1: CRI is reported

· Option 2: PMI/RI for each CSI-RS resource are reported 

· For the 2nd eMIMO-Type

· CQI/PMI/RI are reported

· Mechanism 2B: for hybrid CSI 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

· For the 1st eMIMO-Type, depending on the value of K

· K=1: 

· Option 1: i1 is reported for Rel.12 codebooks (when applicable) or i2 for Rel.13 CLASS B codebooks

· Option 2: CQI/RI are reported. In addition, PMI is reported for Rel.13 CLASS B codebooks 

· K>1: two options

· Option 1: CRI is reported

· Option 2: PMI/RI for each CSI-RS resource are reported 

· For the 2nd eMIMO-Type

· CQI/PMI/RI are reported

· Mechanism 3:  for hybrid CSI with one CSI process, CLASS A or CLASS B K=1 for the 1st eMIMO-Type and CLASS B K>1 for the 2nd eMIMO-Type

· For the 1st eMIMO-Type: i1 is reported 

· For the 2nd eMIMO-Type:  two options

· Option 1: CRI and CQI/PMI/RI for the recommended CSI-RS resource are reported

· Option 2: CQI/PMI/RI for a CSI-RS resource 

· Mechanism 4: Hybrid CSI reporting with CSI process pair 

· UE calculates CSI for only one CSI process at a time

· Mechanism 5: the proposal in R1-165617

· Other mechanisms are not precluded

· Down select from the above mechanisms and/or options in RAN1#86
· Each proposal should include clear description on use case(s) and specification impact

· For CLASS B K=1, proponent needs to clarify whether both codebook options are applicable for not.
R1-164147
Evaluation of beam selection in Class B for hybrid FD-MIMO
Intel Corporation

R1-164313
Discussion on CSI reporting for hybrid CSI-RS
ZTE
R1-164778
CSI reporting for hybrid CSI-RS
Samsung

R1-164880
Considerations on hybrid non-precoded CSI-RS and beamformed CSI-RS
CMCC

R1-164895
Discussion on CSI reporting for hybird CSI-RS
Beijing Xinwei Telecom Techn.

R1-165098
Hybrid CSI Reporting with One and Two CSI Processes
Ericsson

1.1.1.2.3 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
R1-164781
LC based explicit CSI feedback and simulation results
Samsung
R1-165100
High Resolution CSI feedback
Ericsson

R1-164150
Explicit CSI reporting for FD-MIMO
Intel Corporation

R1-165789
Initial performance evaluation on advanced implicit CSI
LG Electronics
Revision of R1-164527
R1-164098
Enhancement on CQI measurement and feedback for MU-MIMO
Huawei, HiSilicon

R1-165203
Advanced Interference Measurement and CSI Reporting
NTT DOCOMO, INC.
R1-165801
WF on advanced CSI feedback
Huawei, Hisilicon, China Unicom, China Telecom, Deutsche Telekom 

Proposal:

· Specify at least Analog CSI feedback in Rel-14 with the following restrictions

· CQI is quantized and CQI derivation is based on associated unquantized CSI (i.e. implicit feedback)

· Only support Aperiodic feedback in Rel-14;
· Only support {2, 4} ports per CSI-RS resource in Rel-14

R1-164090
CSI feedback for beam space MIMO
Huawei, HiSilicon

R1-164659
Considerations on MU-CQI Transmission
Sony

R1-164881
Enhancing interference measurement for MU transmissions
CMCC

R1-164097
Discussion and evaluation of analog CSI feedback
Huawei, HiSilicon

R1-164148
Beam combining codebook enhancements for Class B FD-MIMO
Intel Corporation

R1-164149
Discussion on the performance of CQI reporting based on the NZP CSI-RS
Intel Corporation

R1-164223
On Interference enhancement for multi-user MIMO operation
CATT
R1-164314
Discussion on CSI reporting of linear combination codebook
ZTE

R1-164315
Discussion on interference measurement for MU-CSI
ZTE

R1-164340
Initial Evaluation Results with Analog CSI Reporting
Nokia, Alcatel-Lucent Shanghai Bell

R1-164432
Discussion on advanced CSI reporting and initial evaluation results
Qualcomm Incorporated

R1-164779
Advanced CSI reporting paradigm
Samsung

R1-164780
Linear combination (LC) codebook based CSI reporting and simulation results
Samsung

R1-164782
Discussions on auxiliary CSI for MU transmission
Samsung

R1-164783
Discussions on interference measurement enhancement in eFD-MIMO
Samsung

R1-164856
Advanced CSI feedback framework for LTE
Huawei, HiSilicon

R1-164897
Discussion on Advanced CSI Reporting
Beijing Xinwei Telecom Techn.

R1-165099
Discussion on Interference Measurement Enhancements
Ericsson

1.1.1.3 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
R1-165102
Email Summary: Use of 3D RMa Channel Model in Semi-Open Loop Evaluations
Ericsson
Conclusion:

· No consensus to change RMa channel model assumptions for (semi-)open loop evaluations at present.  Implications:

· 2D RMa currently supported in evaluations is suitable for 1D horizontal arrays.

· Companies bringing in preliminary results for FD-MIMO (2D) arrays will need to explain how they approximated a 3D model from the 2D ITU model

· Use of 3D RMa may be further discussed in evaluations during specification phase.

· Clarify that 2D RMa can be simulated with 30, 60, 120 kmph, as shown below.
· Amend slide 3 of R1-163832 as follows, leaving the ‘UE Speed’ row unchanged.   

	Parameters 
	Value 

	Scenarios 
	3D-UMa ISD 500m (at 30km/h, 60kmph, and/or 120km/h) 
RMa ISD 1732m(120km/h) in ITU-R model [note: this is a 2D model] 


R1-165407
DMRS-based Open-loop MIMO
Ericsson
Revision of R1-165101
R1-164433
Discussion on DMRS based OL and Semi-OL Transmission
Qualcomm Incorporated

R1-164859
Discussion on DMRS based open and semi open loop transmission
Huawei, HiSilicon

R1-164341
Evaluation Results of DMRS-based open-loop transmission schemes
Nokia, Alcatel-Lucent Shanghai Bell

R1-164224
Discussion on DMRS based open-loop MIMO
CATT

R1-164225
Evaluation of DMRS-based open-loop and semi-open-loop MIMO
CATT

R1-164528
Initial performance evaluation on semi-OL MIMO
LG Electronics

R1-165288
Initial simulation results of DMRS based semi-open-loop MIMO
CATR

R1-164151
Evaluation of open loop schemes
Intel Corporation

R1-164316
Discussion on DMRS-based Open-Loop and Semi-Open-Loop Transmission
ZTE

R1-164784
Discussions on open and semi-open loop transmission in eFD-MIMO
Samsung

R1-164785
Evaluation results on semi-open loop transmission in eFD-MIMO
Samsung

R1-164898
Discussion on Semi-Open-loop Transmission
Beijing Xinwei Telecom Techn.

R1-165341
Discussions on DMRS based Open/Semi-open loop MIMO schemes
CEWiT
R1-165790
WF on the three “evaluate and, if needed, specify” Items
Nokia, Alcatel-Lucent Shanghai Bell, Samsung, CATT 

Agreements:

· UL DMRS Enhancement

· Specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation, i.e. one of IFDMA with OCC2 or new DMRS sequence design

· Advanced CSI

· Specify enhancement on CSI reporting to improve eNB precoding. The specified enhancement is to be selected from the following categories:

· Enhancements to Rel-13 feedback codebooks (FFS which numbers of antenna ports from the set {8, 12, 16, 20, 24, 28, 32}) that increase CSI resolution through improved beam selection / construction in W1 and/or improved beam/port selection / combining / weighting mechanisms in W2 

· Parameters representing channel coefficients, or some reduced space representation thereof including beam combining / weighting with coefficient quantisation or channel quantisation or channel covariance matrix quantisation

· Uplink physical channel enhancements to carry the representation of channel coefficients can be included if selected
· Also, interference measurement enhancement can be considered 

· DMRS-based semi-open-loop

· Specify enhancement to support DMRS-based semi-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 
· CSI reporting scheme with partial PMI feedback, and/or 
· Transmission method with transmit diversity and/or precoder cycling, with possible enhancements to precoder bundling 
· Associated enhancements to DMRS if required
· Further system level simulations (e.g. considering wideband scheduling and BLER targets at high speed) will be conducted in order to identify the exact scheme to be specified. 
Send LS to RAN plenary reflecting the above, with update to WID - R1-165493.

R1-165860 
Draft LS on Rel.14 eFD-MIMO WID update 
Samsung
Agreement:

Change “RAN1 has agreed to request RAN to amend the WID as follows” to “RAN1 has agreed on the following”

The agreed LS is to be prepared in R1-165493 (Min)
