7.2.4 Enhancements on Full-Dimension (FD) MIMO for LTE

WID in RP-160623
R1-166724
Rapporteur Workplan on eFD-MIMO
Samsung, Nokia, CATT
7.2.4.1 Reference signals
7.2.4.1.1 Non-precoded CSI-RS

At least decide on:

•
Mk value(s)

•
High level mechanism for CSI-RS overhead reduction
CSI-RS aggregation details
R1-166725
Discussions on CSI-RS enhancements for Class A CSI reporting
Samsung
R1-167955
Further discussion on non-precoded CSI-RS design for eFD-MIMO
ZTE Corporation, ZTE Microelectronics
Revision of R1-166329
R1-166269
Non-precoded CSI-RS design for up to 32 ports
Qualcomm Incorporated
Section 2

R1-167137
CSI-RS pattern design for up to 32 ports
Huawei, HiSilicon
R1-166339
Nonprecoded CSI-RS for Class A CSI Reporting
Nokia, Alcatel-Lucent Shanghai Bell
Section 2

R1-166519
Performance comparison of CDM-4 and CDM-8 for CSI-RS
Intel Corporation
R1-167980
WF on aggregation for NP CSI-RS
ZTE Corporation, ZTE Microelectronics,  Qualcomm, Xinwei, Potevio
R1-168056
WF on CDM-2 and CDM-4 for non-precoded CSI-RS
LG Electronics, ITRI, Samsung, Ericsson, ZTE

R1-168049
WF on Class A CSI-RS Enhancement
CATT, Alcatel-Lucent Shanghai Bell, Intel, InterDigital, Nokia,  Huawei, HiSilicon 

Also supported by Qualcomm

· Agreements:

· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk = 8, where Mk is the same for all k

· For {20, 28} ports, ∑k Mk ∈ {20, 28}, Mk = 4, where, at least for CDM-2, Mk is the same for all k 

· FFS whether Mk = 8 is also supported,  and if so, whether Mk is the same or different for different k for CDM-4

· FFS port indexing

· In Rel-14, CDM-2 and CDM-4 is supported. 

· For CDM-2, port numbering in Rel-13 is reused in order to share CSI-RS with legacy UEs. 
· FFS CDM-4 port numbering

Working Assumption:
· CDM-8 is supported for at least {24,32} port CSI-RS

· FFS CSI-RS aggregation and CDM mapping details

· FFS additional REs other than legacy CSI-RS RE
R1-167996
WF on CDM aggregation for NP CSI-RS
Samsung, Xinwei, Ericsson 

R1-167346
Discussion on non-precoded CSI-RS design
NTT DOCOMO, INC.
Section 2.2

R1-166439
CSI-RS design for {20,24,28,32}  ports
CATT
R1-166577
Further discussion on non-precoded CSI-RS designs for eFD-MIMO
Beijing Xinwei Telecom Techn.
Sections 2,3

R1-166518
Discussion on CSI-RS for Class A FD-MIMO
Intel Corporation
R1-166632
Discussion on CSI-RS with CDM8
NEC

R1-166840
Discussions on NP CSI-RS designs for eFD-MIMO
LG Electronics
Section 2

R1-167618
CSI-RS design for eFD-MIMO
Potevio
Sections 2.1, 2.2

R1-167634
Performance of CDM-8 for Non-Precoded CSI-RS
Ericsson
CSI-RS overhead reduction

R1-166726
Discussions on NP CSI-RS overhead reduction
Samsung
R1-167633
CSI-RS Design for Class A eFD-MIMO
Ericsson
R1-166440
Discussion on CSI-RS overhead reduction for class A
CATT

R1-166339
Nonprecoded CSI-RS for Class A CSI Reporting
Nokia, Alcatel-Lucent Shanghai Bell
Section 3

R1-167635
Support of CSI-RS port sharing with Rel-13 and Rel-12 UEs
Ericsson
R1-167652
On CSI-RS Overhead Reduction Schemes
InterDigital Communications 
R1-167981
WF on overhead reduction for Class A NZP CSI-RS
ZTE Corporation, ZTE Microelectronics, Ericsson, Samsung, NTT DOCOMO
Agreement: 

At least for Class A NZP CSI-RS with more than 16 CSI-RS ports:

· All ports in a CSI-RS resource are transmitted within the same subframe 
· i.e. CSI-RS overhead reduction is done in the frequency domain

· CSI-RS density d ∈ {1,1/2, and at least one other value <= 1/3} RE/RB/port 
· Other values of d are not precluded (e.g. 2/3, ¾)
· FFS whether different ports in a CSI-RS resource may have different densities

· FFS PDSCH rate matching in the REs in PRBs with no CSI-RS ports within a group  

· Opt-1: comb like transmission

· Opt-2: frequency domain measurement restriction

· FFS the detailed signalling design

R1-167092
Discussion on non-precoded CSI-RS enhancement
CMCC
R1-166269
Non-precoded CSI-RS design for up to 32 ports
Qualcomm Incorporated
Section 3

R1-166325
Aperiodic CSI-RS for non-precoded  CSI-RS
ZTE Corporation, ZTE Microelectronics
R1-166577
Further discussion on non-precoded CSI-RS designs for eFD-MIMO
Beijing Xinwei Telecom Techn.
R1-166840
Discussions on NP CSI-RS designs for eFD-MIMO
LG Electronics
Section 3

R1-167346
Discussion on non-precoded CSI-RS design
NTT DOCOMO, INC.
Section 2.1

R1-166633
Proposals for CSI-RS overhead reduction
NEC
R1-167618
CSI-RS design for eFD-MIMO
Potevio
Section 2.3

R1-166727
Discussions on CDM-8 for NP CSI-RS
Samsung

7.2.4.1.2 Beamformed CSI-RS

At least decide on:

•
Scheme 1 and/or 2 – if down selection is needed

•
Additional FFS details on scheme 1 and/or 2
R1-166442
Support for aperiodic CSI-RS CATT

R1-166520
Evaluation of CSI-RS overhead reduction for Class B using frequency decimation
Intel Corporation
R1-166728
Additional details on aperiodic CSI-RS
Samsung
R1-167653
On Rate-matching of A-CSI-RS
InterDigital Communications

R1-167675
Aperiodic CSI-RS transmission for beamformed CSI-RS
Huawei, HiSilicon
R1-168046 
WF on Aperiodic CSI-RS for Rel.14
Samsung, Nokia, Alcatel-Lucent Shanghai Bell, KT Corporation, Ericsson, LG Electronics, Interdigital, Qualcomm, AT&T, CHTTL, Xinwei, Straightpath, ITL 

Agreement:

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
· Choose at least one of the following alternatives for activation/release mechanism (TBD in RAN1#86bis)
· Alt1. Using UL grant(s)
· FFS: Support for cross-carrier activation/release
· Alt2. Using MAC CE
· Other alternatives are not precluded
· FFS the values of X and Y, max value of N (or the value of N), how to signal N
· One out of N CSI-RS resources is selected via the UL-related DCI
· A UL grant carries a CSI request and indicates transmission of one CSI-RS resource if N>1 aperiodic CSI-RS resources are activated for a CSI process for which the CSI is requested
· A CSI request is for one CSI-RS resource per CSI process 
· Choose one out of the following alternatives for indicating transmission of 1 out N CSI-RS resources (TBD in RAN1#86bis)
· Alt1. use code points from an existing DCI field to select 1 out N CSI-RS resources
· Alt2. Introduce additional  bit(s) in DCI
· Note: The number DCI fields and number of code points for the combinations of CSI process, CC, and CSI-RS resource indication are FFS
· Only PUSCH based A-CSI reporting is supported
· Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI
· FFS: Whether to CSI reference resource definition needs to change when aperiodic CSI-RS is used or not
· Whether and, if needed, how to support CSI processing relaxation for aperiodic CSI-RS are TBD
· FFS: Possibility to support aperiodic CSI-RS with K=1 and trigger (using UL-related DCI carrying A-CSI request) a subset of antenna ports.

[Note] No spacing here. 
“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
· Choose at least one of the following alternatives for activation/release mechanism (TBD in RAN1#86bis)
· Alt1. Using UL grant(s)
· FFS: Support for cross-carrier activation/release
· Alt2. Using MAC CE
· Other alternatives are not precluded
· FFS the values of X and Y, max value of N (or the value of N), how to signal N 
· CSI reporting
· N=1: CQI/PMI/RI is reported
· N>1: CRI (=0,1, …, N – 1) is reported along with CQI/PMI/RI associated with the reported CRI value 
[Note] No spacing here
Overhead reduction for Class B – both for periodic and aperiodic CSI-RS
· Support CSI-RS frequency-domain density reduction for Class B
· All antenna ports of a single CSI-RS resource configuration can be transmitted every N PRBs

· N = 1 (existing CSI-RS design), 2, and >2
· FFS: Exact mechanism 
R1-168147  WF on Rate Matching Issue for Beamformed CSIRS
LG Electronics, InterDigital, Samsung, Huawei, HiSilcon, Qualcomm, CATT
Agreement:
· A solution is to be selected from the following three alternatives for aperiodic ZP CSIRS resource indication (TBD RAN1#86bis)
· Alternative-1: Aperiodic ZP CSIRS, dynamically indicated by a new common DCI.

· The common DCI is monitored in common search space.

· Alternative-2: Aperiodic ZP CSIRS, aperiodic ZP CSI-RS resource signaling field is introduced in DL DCIs for all TMs.
· Alternative-3: Use the existing PQI states or increase the number of PQI states for TM10; no PDSCH RM solution for other TMs
· In this case, aperiodic ZP CSIRS resource is not defined
· Definition of Aperiodic ZP CSIRS:

· For PDSCH rate matching on BF CSIRS due to aperiodic CSI-RS and/or multi-shot CSI-RS, an aperiodic ZP CSIRS resource is indicated. 
· Aperiodic ZP CSIRS resource configuration is defined without Subframe_config
· UE conducts PDSCH rate matching on aperiodic ZP CSIRS at the subframe when the DCI is signaled.
· Study the impact of collision between EPDCCH RE and aperiodic CSI-RS 

R1-168148  
WF on QCL issue for Beamformed CSIRS 
LG Electronics, Samsung, Intel
Agreement:
· Decide the need for QCL indication on DMRS to aperiodic and/or multi-shot CSI-RS NZP CSIRS (TBD RAN1#86bis)

· If needed, at least one solution is to be selected from the following alternatives (TBD RAN1#86bis)
· Alt 1: UE is not expected that aperiodic and/or multi-shot NZP CSIRS is indicated in PQI for QCL purpose with DMRS.
· Alt 2: aperiodic and/or multi-shot NZP CSIRS can be indicated in PQI for QCL purpose, and follow legacy QCL assumption
· Periodic NZP CSI-RS can also be indicated for QCL purpose

R1-166270
Enhancements on Beamformed CSI-RS
Qualcomm Incorporated

R1-166324
Enhancements on Beamformed CSI-RS
ZTE Corporation, ZTE Microelectronics

R1-166340
Aperiodic CSI-RS and Overhead Reduction
Nokia, Alcatel-Lucent Shanghai Bell

R1-166441
Discussion on CSI-RS overhead reduction for class B
CATT

R1-166578
Further discussion on beamformed CSI-RS designs for eFD-MIMO
Beijing Xinwei Telecom Techn.

R1-166841
Remaining details on beamformed CSI-RS enhancements
LG Electronics

R1-167138
Rate matching enhancements for aperiodic CSI-RS in different transmission mode
Huawei, HiSilicon

R1-167347
Discussion on Aperiodic CSI-RS
NTT DOCOMO, INC.

R1-167636
Beamformed CSI-RS Design with Activation Mechanism
Ericsson

R1-167637
UE specific Beamforming with Aperiodic CSI-RS Transmission
Ericsson
R1-167651
Remaining Issues on A-CSI-RS
InterDigital Communications

7.2.4.1.3 Uplink DM-RS

At least decide on:

•
Choosing one from IFDMA and DMRS sequence enhancements

•
Additional details on the chosen scheme
R1-166521
Remaining details of UL DMRS enhancement
Intel Corporation

R1-166271
Discussion on uplink DMRS enhancements for FD-MIMO
Qualcomm Incorporated

R1-166141
Uplink DMRS enhancement to support more orthogonal partial overlapped ports
Huawei, HiSilicon

R1-166341
Control Signalling for UL DMRS with IFDMA
Nokia, Alcatel-Lucent Shanghai Bell

R1-166326
Discussion on UL DMRS enhancement for eFD-MIMO
ZTE Corporation, ZTE Microelectronics

R1-166742
Proposals on uplink DMRS design enhancements
Samsung

R1-167087
UL DMRS Base Sequences with IFDMA
Nokia, Alcatel-Lucent Shanghai Bell 

R1-167139
Uplink DMRS sequence enhancement for IFDMA
Huawei, HiSilicon

R1-166634
Discussion on IFDMA based scheme
NEC

R1-166842
Discussion on uplink DMRS enhancements for eFD-MIMO
LG Electronics

R1-166443
On UL DMRS enhancement
CATT
R1-168050
WF on UL DMRS enhancement
Intel
R1-167972
WF on UL DMRS 
Nokia, Alcatel-Lucent Shanghai Bell, Huawei, HiSilicon 
Agreement:

· Support orthogonal DMRS (more than 2) for MU-MIMO with partial overlapping BW allocation by
· IFDMA with at least RPF 2 
· FFS: RPF 4 
· FFS during this week which new IFDMA sequence lengths (if any) shall be supported and designed
· If any new lengths larger than 36 are supported, the corresponding DMRS sequences are generated by the legacy mechanism by extension of a Zadoff-Chu sequence
· FFS:  whether and how CS of DMRS generation shall be modified to improve backward compatibility for the pairing with legacy UE. 

· Additional power boosting shall be supported and applied to IFDMA DMRS depending on the value of RPF
· FFS:  x dB for RPF 2 and y dB for RPF 4

R1-168368
WF on UL DMRS Lengths
Nokia, Alcatel-Lucent Shanghai Bell, Huawei, HiSilicon, Qualcomm, CATT, Samsung

Agreement:

· IFDMA Sequence Design for RFP=2, 
· New lengths larger than 36 are supported. The corresponding DMRS sequences are generated by the legacy mechanism by extension of a Zadoff-Chu sequence. 
· FFS: whether new lengths of 6, 18, 30 are supported
7.2.4.2 CSI reporting
7.2.4.2.1 Non-precoded CSI-RS codebooks

At least decide on:

•
Down selection of (N1, N2) and/or (O1, O2) configurations
R1-166272
Non-precoded CSI-RS Codebooks for eFD-MIMO
Qualcomm Incorporated
R1-167954
Class A codebook design for eFD-MIMO
ZTE Corporation, ZTE Microelectronics
Revision of R1-166323
R1-166342
Codebook Design for Class A CSI Reporting up to 32 Ports
Nokia, Alcatel-Lucent Shanghai Bell
R1-166444
Reducing the number of combinations of codebook parameters
CATT
R1-166445
Codebook design for {20,24,28,32} ports
CATT
R1-166523
Discussion on Class A codebook extension
Intel Corporation
R1-166729
View on class A codebook extension
Samsung
R1-167639
On 1D antenna port layouts in Rel-14
Ericsson
R1-167140
Codebook for up to 32 ports CSI-RS
Huawei, HiSilicon
R1-168065
Way Forward on 1D Antenna Port Layouts
Ericsson, Verizon, Kathrein-Werke, Deutsche Telekom, AT&T 

Proposal:
· The following 1D antenna layouts are supported:
· (N1,N2) = (16,1), (14,1) , (12,1), (10,1)
R1-166522
Performance evaluation of Class A codebooks with 32 ports
Intel Corporation
R1-166843
Discussions on non-precoded CSI-RS codebook design for eFD-MIMO
LG Electronics
R1-167348
Codebook Enhancement for eFD-MIMO
NTT DOCOMO, INC.
R1-166579
Discussion on codebook design to support up to 32 ports CSI-RS
Beijing Xinwei Telecom Techn.
R1-167638
Antenna port layout support for up to 32 Ports in Rel-14
Ericsson
R1-168353
Way Forward on Antenna Port Layouts
Ericsson, Qualcomm, Intel, CATT, AT&T, NTT DOCOMO
R1-168511 
Way Forward on Antenna Port Layouts
Ericsson, QUALCOMM, Intel, CATT, ATT, DOCOMO, Verizon 

· Simplify 1D configuration

· Drop the (1,N2) rows (with red text)

· Single design can be used for (N1,1) and (1,N2).

· Reduce UE computational complexity

· Remove (8,8) combinations  for 20, 24, 28, 32 ports (with green text)

· Reduces number of beams by 2

· Limited performance gain from (8,8) vs. (8,4) 


[image: image1]
Note: 
· The main concern of some companies is that the necessity or the complexity of all or a large group of codebook combinations is not justified by evaluation yet. Rel 13 does not support all possible layouts. 
· However some UE vendors state that the complexity of codebook combination at the UE side is not a major issue.  It is still an open question which codebook combination(s) are concerns. 
· It is encouraged to indentify the problem or concern or redundancy for specific codebook combination(s). It is recommended to have an email discussion until RAN1 86bis. 

7.2.4.2.2 CSI reporting for hybrid CSI-RS
At least decide on:

•
Confirm working assumption of mechanism 1

•
Additional mechanisms, if needed

•
Reported CSI parameters, e.g. RI in the first and/or second report
R1-168282 WF on hybrid CSI reporting
LG Electronics, Samsung, LG Uplus, KT Corporation, ITRI, NTT Docomo, ITL, Ericsson, Xinwei, NEC, InterDigital

Agreement
· Confirm the working assumption of hybrid CSI
· Further details on Mechanism 1 
· Reporting content
· For the 1st eMIMO-Type (CLASS A), i1(1) and x-bit RI(1) are reported, while CQI(1) and i2(1) are not reported
· If UE supports up to 2 layers, x=0
· If UE supports up to 8 layer, x=1 where RI(1)={1, 3}
· For the 2nd eMIMO-Type (CLASS B K=1), CQI(2), PMI(2), RI(2) are reported 
· Note: Superscript (y) represents the y-th eMIMO-Type, where y=1,2. 
· FFS: Option for one eMIMO-Type to inherit RI reporting from another eMIMO-Type
· Working assumption: No inter-dependence between CSI calculations across two eMIMO-Types
· Reuse legacy CSI reporting mechanisms with the following refinement
· For PUCCH-based P-CSI
· Report i1(1) and RI(1)  in one subframe
· FFS: Using either PUCCH format 2 or 3
· Periodicity of the CSI of 1st eMIMO-Type is an integer multiple of RI(2) periodicity of the 2nd eMIMO-Type. 
· Subframe offset of the 1st eMIMO-Type is defined relative to RI(2) subframe offset of the 2nd eMIMO-Type. 
· FFS: Whether subframe offset of the 1st eMIMO-Type can be fixed to 0
· Priority rule for collision handling is FFS. 
· For PUSCH-based A-CSI
· FFS: what CSI(s) will be reported from UE when aperiodic CSI reporting is triggered
· Option 1: UE reports both CSI of 1st eMIMO-type and CSI of 2nd eMIMO-type.
· Option 2: UE reports either one of the 2 eMIMO-types.
· CSI encoding/mapping mechanisms is FFS.
Support of at least one more mechanism

R1-168286 WF on Hybrid CSI Reporting 
NTT DOCOMO, KT corporation, ITL, KDDI, LG Electronics, Mitsubishi Electric, NEC, Samsung, Sharp, Softbank, Sony, Straightpath

R1-168339 Way Forward on Inclusive Hybrid CSI-RS Framework
Ericsson, ZTE Corporation, ZTE Microelectronics, Nubia, Xinwei, ITRI, ASTRI
Conclusion:
· Proposal I: 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 resource for the 2nd eMIMO-Type
· For the 1st eMIMO-Type, two options
· Option 1: CRI (without CQI/PMI/RI) is reported
· Option 2 (only support K=2): PMI assuming RI=1 for each of the two CSI-RS resources are reported 
· For the 2nd eMIMO-Type
· CQI/PMI/RI are reported
· Working assumption: No interdependence in CQI calculation between 1st and 2nd eMIMO-Types
· FFS: for option 1, dynamic CSI-RS resource configuration for the 2nd eMIMO-Type based on CRI reporting 1st eMIMO-Type. 
· Proposal II:
· Hybrid CSI reporting with eMIMO-Type pairs is supported 
· No restriction on the configuration for 1st and 2nd eMIMO-Types

· UE supports eMIMO-Type pairs
· For TM9, different CSI-RS resources and/or CSI reporting configurations can be used for PUCCH and PUSCH
· UE calculates one CSI report for only one eMIMO-Type of a pair at a time and one eMIMO-Type at a time
· FFS: Define the period of CSI-RS associated with the 1st eMIMO-Type as N times of the period of CSI-RS associated with the 2nd eMIMO-Type, where N>1

· Configurable or fixed value of N needs to be specified

· Whether new dropping rules need to be specified

· Rel-13 CSI process configurations are supported
· A report for either eMIMO-type contains all Rel-13 CSI parameters (CQI/PMI/RI/CRI) 
· Study whether it is possible to simplify a combination, or to down select, between/within proposals I and II
R1-166343
Hybrid CSI Reporting Schemes based on Single CSI Process
Nokia, Alcatel-Lucent Shanghai Bell 

R1-166446
Further considerations on CSI reporting for hybrid CSI-RS
CATT

R1-166731
Supported schemes for hybrid CSI
Samsung 

R1-166844
Discussion on CSI reporting enhancements for hybrid CSI-RS
LG Electronics

R1-167640
Hybrid CSI Reporting with One and Two CSI Processes
Ericsson 
R1-166142
Hybrid CSI reporting in one CSI process
Huawei, HiSilicon

R1-166273
Discussion on CSI reporting for hybrid CSI-RS
Qualcomm Incorporated

R1-166327
Discussion on CSI reporting for hybrid CSI-RS
ZTE Corporation, ZTE Microelectronics

R1-166580
Further discussion on hybrid CSI report for eFD-MIMO
Beijing Xinwei Telecom Techn.

R1-166730
Hybrid PMI codebook based CSI reporting and simulation results
Samsung

R1-167349
CSI reporting for hybrid CSI-RS
NTT DOCOMO, INC.

R1-167406
Discussion on CSI reporting for hybrid CSI-RS
ITRI

R1-167641
Performance of Hybrid CSI-RS with Large CSI-RS Overhead
Ericsson
7.2.4.2.3 Advanced CSI reporting and interference measurement

At least decide on:

•
Select one advanced CSI scheme (combination-based codebook enhancement vs. channel quantization)

•
The need for interference measurement enhancement
Framework
R1-167971
WF on Advanced CSI feedback framework in Rel-14

Huawei, HiSilicon, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, Samsung, CATT, ZTE, NTT DOCOMO, Qualcomm, Intel, InterDigital, ITRI
Agreement:
· Specify CSI feedback enhancement with the following advanced CSI feedback framework:
· Reduced space (eigenvectors)/W1 is constructed based on one of the following alternatives (TBD RAN1#86bis):
· Alt1. Orthogonal basis (e.g. orthogonal DFT matrix)
· Alt2. Non-orthogonal basis (e.g. Rel.13 Class A W1 for rank-1 and/or 2)
· Reduced space representation/W2 is to further combine selected beams
· Granularity of weighting(phase and/or amplitude) can be either wideband only or wideband/subband, and is constructed based on one of the following alternatives (TBD RAN1#86bis):
· Alt1. Phase and amplitude
· Alt2. Phase-only weighting
· How the enhanced framework can be applicable for Class A and/or Class B eMIMO-Types is FFS
· FFS: How to handle the relationship between advanced CSI feedback and legacy CSI feedback framework
· Companies are encouraged to provide results comparing the above alternatives, considering a mix of smaller and larger numbers of ports within the following antenna port configurations
· {4,8,12,16,20,24,28,32} ports
· Focus on rank<=2 scenario MU-MIMO for evaluation

· Feedback overhead needs to be taken into account
· For {4,8,12,16, 20,24,28,32}-port scenario, companies are encouraged to compare their proposals to dual-stage codebook enhancement with increased number of beams in W1 

R1-166845
Performance evaluation on advanced implicit CSI
LG Electronics
R1-167645
W1 design for implicit advanced CSI reporting
Ericsson

R1-166734
Linear combination (LC) codebook based CSI reporting and simulation results
Samsung

Codebook enhancement vs. channel quantization

R1-166139
Advanced CSI feedback framework for LTE


Huawei, HiSilicon

R1-166736
Comparison between implicit and explicit feedback

Samsung

R1-167643
Explicit versus implicit feedback for advanced CSI reporting
Ericsson

R1-168323 
WF on Advanced CQI Measurement and Report
NTT DOCOMO, Qualcomm
R1-166140
Uplink control channel enhancements for advanced CSI feedback
Huawei, HiSilicon
R1-166274
Discussion on advanced CSI reporting and initial evaluation results
Qualcomm Incorporated

R1-166322
Discussion on the design of linear combination codebook
ZTE Corporation, ZTE Microelectronics

R1-166330
Discussion on interference measurement for MU-CSI
ZTE Corporation, ZTE Microelectronics

R1-166447
On analog CSI feed back
CATT

R1-166448
Discussion on advanced CSI reporting and interference measurement enhancement
CATT 

R1-166524
Further study of advanced CSI feedback
Intel Corporation

R1-166525
Beam combining codebook enhancements for FD-MIMO
Intel Corporation

R1-166526
Discussion on the performance of CQI reporting based on the NZP CSI-RS
Intel Corporation

R1-166581
Advanced CSI feedback and simulation results
Beijing Xinwei Telecom Techn.

R1-166656
Considerations on MU-CQI transmission
Sony

R1-166732
Discussions on periodic CSI reporting for class A in eFD-MIMO
Samsung

R1-166733
Discussions on interference measurement enhancement in eFD-MIMO
Samsung

R1-166735
LC based explicit CSI feedback and simulation results
Samsung

R1-167093
Enhancing interference measurement for MU transmissions
CMCC

R1-167134
Uplink control channel enhancements for reduced space CSI feedback
Huawei, HiSilicon

R1-167135
Superposition codebook for Class A CSI feedback
Huawei, HiSilicon
R1-167136
Superposition codebook for Class B CSI feedback
Huawei, HiSilicon

R1-167350
Enhancements on MU Interference Measurement and MU-CQI Reporting
NTT DOCOMO, INC.
R1-167642
Discussion on Interference Measurement Enhancements
Ericsson

R1-167644
On the need for W1 enhancements for advanced CSI
Ericsson

R1-167674
Enhanced interference measurement
Huawei, HiSilicon
Analog Feedback

R1-166140
Uplink control channel enhancements for advanced CSI feedback
Huawei, HiSilicon
R1-167967
WF on Advanced CSI in Rel-14
· Specify advanced CSI for {4,8,12,16,20,24,28,32}  antenna ports. 

· Strive for the unified advanced CSI feedback framework with

· Reduced space (eigenvectors)/W1 is constructed on a orthogonal basis (e.g. DFT matrix)

· Reduced space representation/W2 is to further combine selected beams

· Granularity of weighting(phase and amplitude) can be either wideband or subband 

· Introduction of a new PUCCH format (for the purpose of analog feedback) to carry the advanced CSI in case

· FFS the number of antenna ports to be supported
Conclusion:

Companies are encouraged to investigate the usage of new or existing PUCCH format for the purpose of analog feedback to carry advanced CSI.

Interference Measurement Enhancement
The need for interference measurement enhancement
R1-167350
Enhancements on MU Interference Measurement and MU-CQI Reporting
NTT DOCOMO, INC.
R1-167674
Enhanced interference measurement
Huawei, HiSilicon
R1-167093
Enhancing interference measurement for MU transmissions
CMCC

R1-167968
WF on interference measurement in Rel-14, Huawei, HiSilicon, Deutsche Telecom, China Telecom, CATT 
R1-168504 
WF on interference measurement in Rel-14, Huawei, HiSilicon, CATT, Samsung, Xinwei 

· Specify interference measurement enhancements in Rel-14.
Possible Offline Agreement: 
· Whether the need of interference measurement enhancement in Rel-14 shall be decided in next meeting. 

· If needed, one or more schemes shall be supported in Rel 14.  Possible schemes are:
· Definition and configuration of a new type interference measurement 
· Interference measurement is based on cancellation of intended signals

· Both inter-cell and intra-cell interference should be captured

· FFS NZP CSI-RS or DMRS as CSI-IM or PDSCH
· Definition and configuration of a new type interference measurement

· Only intra-cell interference to be measured using NZP
· Aperiodic CSI-IM, based on 

· The existing CSI-IM

· The new CSI-IM type (see above, if specified).

· New UE measurement behavior for CQI reporting based on DMRS ports when corresponding PDSCH is transmitting.

· If needed, L1/RRC signaling to assist UE interference measurement
· Other schemes are not excluded.
R1-168323 
WF on Advanced CQI Measurement and Report
NTT DOCOMO, Qualcomm
Support DMRS based CQI enhancements:

· Specify new UE behavior to measure CQI on DMRS ports when corresponding PDSCH is transmitting.

· Specify downlink signalling to trigger the DMRS based CQI measurement and feedback.

· If necessary, specify feedback mode for the DMRS based CQI report.

7.2.4.3 DMRS-based open-loop and semi-open-loop transmission
At least decide on:

•
CSI parameters to be reported

•
Down selection of Tx enhancement scheme, if needed
R1-168446
WF on semi-open-loop transmission
Samsung, Nokia, ASB, ZTE, ZTE Microelectronics, CATT, KT Corporation
Agreement:
· Support both CLASS A and CLASS B with K≥1 CSI-RS resources for the eMIMO-Type of semi-open-loop
· For dual-stage codebook, 
· RI, i1 and CQI reporting is supported for {CLASS A} and {CLASS B with K=1 and 8Tx/alternate 4Tx codebooks}
· FFS: reporting i11 and/or i12 for Class A codebooks
· CRI, RI, i1 and CQI reporting is supported for CLASS B with K>1
· FFS: reporting i1 and subsampled i2
· FFS: Hybrid CSI with semi-open-loop 
· FFS: Reporting multiple CRIs for CLASS B K>1
· For single-stage codebook with 2 and 4 ports (CLASS B with K>1), CRI, RI and CQI are reported
· For single-stage codebook with 2 and 4 ports (CLASS B with K=1), RI and CQI are reported
· Support RE level transmitter operation on PDSCH for both CSI reporting and PDSCH transmission
· Down selection from the following transmission schemes in RAN1#86bis, including possible combination
· Precoder cycling
· Tx diversity 
· LD-CDD
· Layer Permutation
R1-168048
WF on DMRS-Based Open-Loop/Semi-Open-Loop
CATT, Nokia, Alcatel-Lucent Shanghai Bell, CATR, Huawei, HiSilicon, InterDigital, Intel, Qualcomm 

Conclusion:

· RAN1#86bis: companies need to justify the need for introducing new DMRS pattern(s) to support open-loop/semi-open-loop transmission scheme. Otherwise the proposal in R1-168048 is agreed.
R1-166275
Discussion on DMRS based OL and Semi-OL Transmission
Qualcomm Incorporated
R1-166328
DMRS-based  Semi-Open-Loop Transmission
ZTE Corporation, ZTE Microelectronics
R1-166344
DMRS-based Semi-open Transmission Schemes
Nokia, Alcatel-Lucent Shanghai Bell
R1-166449
Transmission scheme for OL-MIMO
CATT
R1-166450
CSI feedback for OL-MIMO
CATT

R1-166527
Remaining details of open loop techniques
Intel Corporation

R1-166737
Discussions on open and semi-open loop transmission in eFD-MIMO
Samsung
R1-166738
Simulation results for precoder cycling based on semi-open-loop transmission
Samsung
R1-166846
Initial performance evaluation on semi-OL MIMO
LG Electronics
R1-167351
Enhancements for DMRS-based semi-open-loop MIMO schemes
NTT DOCOMO, INC.

R1-167646
DMRS-based Open-loop MIMO Design
Ericsson
R1-167676
DMRS based open loop transmission
Huawei, HiSilicon
R1-167807
Evaluations on DMRS based Semi-open loop MIMO schemes
CEWiT
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