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

WID in RP-160623
R1-1703430
Introduction of eFD-MIMO into 36.201
Nokia
R1-1701879
Introduction of eFD-MIMO into 36.211
Ericsson
R1-1701786
Introduction of eFD-MIMO into 36.212
Huawei
R1-170xxxx 
Introduction of eFD-MIMO into 36.213

Rapporteur to provide updated list of agreements by Friday

Editors to update CRs for email approval by…

R1-1702869
List of Open Issues for Rel.14 eFD-MIMO after RAN1#87
Samsung
R1-1703644
Feature list for eFD-MIMO
Samsung

Correct row 5 for density reduction.
E7: 

(SFBC transmission for rank 1/Precoder cycling for rank 2)

1) DMRS indication table 

2) CSI reporting for semi-open-loop transmission
Companies are encouraged to check this and provide feedback to Youngwoo (Samsung). 

Youngwoo to provide an update ready for offline discussion in Thursday coffee break - R1-1703646. 
7.2.2.1 Remaining issues on non-precoded CSI-RS
Additional details on CDM-8 pattern aggregation, the need for new port indexing of CDM-4
Limit to 1 contribution per 1 company/organization/university

R1-1701835
Remaining issues on non-precoded CSI-RS
ZTE, ZTE Microelectronics
R1-1702145
Remaining details of Class A CSI-RS
Intel Corporation
R1-1702288
Considerations on non-precoded CSI-RS
Nokia, Alcatel-Lucent Shanghai Bell
R1-1702870
Remaining details on non-precoded CSI-RS
Samsung
R1-1702401
Discussion on remaining issues on NP CSI-RS
LG Electronics
R1-1702367
On CDM8 patterns for 24 and 32 ports and port indexing for CDM4
Ericsson
R1-1703531
Way forward on CDM8 for NZP CSI-RS in eFD-MIMO
ZTE

R1-1703633
WF on CSI-RS design for CDM-8
LG, Samsung
Agreement: 

· For 32-port CSI-RS, CDM-8 patterns are configured by the aggregation of CDM-2 patterns across the same alphabet within the configured legacy 8-port CSI-RSs by the following four patterns: {VA-WA-XA-YA}, {VB-WB-XB-YB}, {VC-WC-XC-YC}, and {VD-WD-XD-YD}
· {V,W,X,Y} is configurable to one of {0,1,2,3}, {0,2,3,4}, {1,2,3,4}
· The port numbering is determined by the order of resourceConfig: 
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· For 24-port CSI-RS, one CDM-8 pattern is configured by the aggregation of CDM-4 patterns across the same alphabet within the configured legacy 8-port CSI-RSs by the following three patterns: {0A,1A}, {2B-0B}, and {1C-2C}.
· The port numbering is determined by the order of resourceConfig: 
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R1-1703618
WF on port indexing
Ericsson

Agreement: 

· Rel-13 port numbering is reused for CDM-4. 
R1-1702038
Discussion on remaining issues of non-precoded CSI-RS
CATT
R1-1702530
Remaining details on non-precoded CSI-RS
Qualcomm Incorporated
R1-1703060
Supporting CDM8 for {24, 32} ports CSI-RS
Huawei, HiSilicon
7.2.2.2 Remaining issues on beamformed CSI-RS
DCI field for resource selection, W for QCL indication, support for an additional density, CSI relaxation

Limit to 1 contribution per 1 company/organization/university

R1-1702039
Discussion on remaining issues of beamformed CSI-RS
CATT
R1-1701836
Remaining issues on beamformed CSI-RS
ZTE, ZTE Microelectronics
R1-1702369
Remaining Issues on Beamformed CSI-RS
Ericsson
R1-1702871
Remaining details of beamformed CSI-RS
Samsung
R1-1703672
WF on Aperiodic CSI-RS Resource Selection
Huawei, HiSilicon, Nokia, Alcatel-Lucent Shanghai Bell, Qualcomm, CATT, LG Electronics
Agreement: 

For aperiodic CSI-RS resource selection,
· In UE-specific search space:
· the existing A-CSI request field is reused with additional B bits
· B = 0 if N=1, B = 2 otherwise
· Each state of the triggering fields corresponds to a set of combination of {CSI process, CSI-RS resource}
· The additional B bits are added to the A-CSI request field for DCI formats 0 and 4 mapped onto the UE specific search space given by the C-RNTI
· Aperiodic CSI-RS resource selection is not supported in common search space

R1-1703634
WF on QCL issues for eFD-MIMO
Samsung, Ericsson, LG Electronics, Huawei, HiSilicon, NTT Docomo, InterDigital, Xinwei, CATT, Qualcomm, KT, Nokia, Alcatel-Lucent Shanghai Bell

Agreement:
WA on QCL from RAN1#87 is confirmed. 
R1-1703669
WF on PDSCH rate-matching around aperiodic CSI-RS
CATT, Ericsson
Conclusion: 
· The proposal is in line with the intent of the existing agreements. 

· The network can configure all zero bits to imply no transmission of A-ZP-CSI-RS

· The indication applies to the scheduled CC. 

R1-1703705
WF on CSI relaxation for aperiodic CSI-RS
Qualcomm, Nokia, Alcatel-Lucent Shanghai Bell, Beijing Xinwei, Samsung, Huawei, HiSilicon
Agreement:
· CSI processing relaxation for aperiodic CSI-RS is supported
· Allow UE to report a different capability for the maximum number of CSI processes to be updated for which A-CSI is requested with aperiodic CSI-RS in at least one of the CSI processes
Agreement:

· Additional CSI-RS density d=1/3 is supported for Class B
R1-1703847
Reply LS on QCL for activated CSI-RS for Enhanced FD-MIMO
RAN4/Intel
Noted. 

R1-1702146
Remaining details of Class B CSI-RS
Intel Corporation
R1-1702293
On DCI signaling for aperiodic CSI-RS resource selection
Nokia, Alcatel-Lucent Shanghai Bell
R1-1702402
Discussion on remaining issues on BF CSI-RS
LG Electronics
R1-1702531
Remaining details on aperiodic CSI-RS
Qualcomm Incorporated
R1-1703061
On remaining details for beamformed CSI-RS
Huawei, HiSilicon
7.2.2.3 Remaining issues on UL DMRS

Applicability of new DMRS table for SPS-RNTI, the need for inter-subframe comb hopping
Limit to 1 contribution per 1 company/organization/university

R1-1702532
Remaining details on uplink DMRS
Qualcomm Incorporated
R1-1702403
Discussion on remaining issues on UL DMRS
LG Electronics
R1-1703677
WF on SPS support 
Nokia 

Agreement: 

· For UE configured with UL-DMRS-IFDMA, only the legacy DMRS table can be indicated by PDCCH or E-PDCCH with the CRC scrambled by the SPS C-RNTI.

· The one bit indicator in DCI format 0 is fixed at zero.

Inter-subframe comb hopping: 

R1-1703673
WF on inter-subframe comb hopping 

· Support inter-subframe comb hopping for uplink IFDMA DMRS.
· The Cyclic Shift Field index hopping pattern is based on the cell common pseudo-random sequence , i.e.
·                                               , where
·           is initial cyclic shift index indicated through SPS activation PDCCH/EPDCCH or DCI for initial transmission;
·         is defined in clause 7.2 of 36.211, and shall be initialized with                .
Agreement: 
· Retransmissions use the same comb as the initial transmission

· Inter-subframe comb hopping for non-adaptive retransmissions is not supported. 
R1-1701750
On inter-subframe comb hopping for IFDMA DMRS
Huawei, HiSilicon
R1-1702147
Remaining Details for UL DMRS
Intel Corporation
R1-1702371
On Intersubframe Comb Hopping
Ericsson
R1-1702291
On UL DMRS Design for SPS Case
Nokia, Alcatel-Lucent Shanghai Bell
R1-1702872
Remaining details of UL DMRS
Samsung

7.2.2.4 Remaining issues on non-precoded CSI-RS Codebook Extension
Feedback mechanism for P-CSI (e.g. PUCCH format) and A-CSI
Limit to 1 contribution per 1 company/organization/university

R1-1702289
Feedback mechanism for non-precoded CSI-RS codebook
Nokia, Alcatel-Lucent Shanghai Bell
R1-1702873
Discussions on periodic CSI reporting for class A in eFD-MIMO
Samsung
R1-1703077
On support of CSI reporting for up to 32 ports codebook
Huawei, HiSilicon
R1-1702365
On periodic CSI feedback for non-precoded CSI-RS
Ericsson
R1-1702533
Remaining details on non-precoded CSI-RS codebook extension
Qualcomm Incorporated
R1-1702404
Remaining issues on NP CSI-RS codebook extension
LG Electronics
Agreement:

· Rel-13 PUCCH and PUSCH CSI feedback mechanisms and PUCCH formats are reused 

7.2.2.5 Remaining issues on hybrid CSI
A-CSI details for mechanism 2
Limit to 1 contribution per 1 company/organization/university

R1-1702534
Remaining details on hybrid CSI
Qualcomm Incorporated
R1-1702292
Hybrid CSI report: Aperiodic report for Mechanism 2
Nokia, Alcatel-Lucent Shanghai Bell
R1-1703062
On remaining details for Hybrid CSI reporting
Huawei, HiSilicon
R1-1702874
Open Issues on Hybrid CSI
Samsung
R1-1702370
Aperiodic CSI Triggering Details for Mechanism 1
Ericsson
Proposal:
· To allow a to UE calculate one CSI report for only one eMIMO-Type of a pair at a time

· The reference resource for the first eMIMO-Type is in the subframe containing its most recent CSI-RS resource

· The reference resource for the second eMIMO-Type is not in ncqi_ref subframes, starting with the first subframe containing the reference resource for the first eMIMO-Type

· The reference resource for aperiodic CSI for the second eMIMO-Type is not in the ncqi_ref subframes prior to the first subframe containing the reference resource for the first eMIMO-Type.

· An eMIMO-Type’s CSI report is only updated if the report corresponds to a subframe containing a valid reference resource.

Alternative proposal:
· The UE is not expected to update CSI report for the second eMIMO-Type when the UE is triggered to report CSI for the first eMIMO-Type

· The UE is not expected to update CSI report for the first eMIMO-Type when the UE is triggered to report CSI for the second eMIMO-Type

Agreement:

· For aperiodic CSI reporting for hybrid CSI mechanisms 1, UE is not required to update 2nd eMIMO-type n_cqi_ref subframes before or n_cqi_ref-1 subframes after the CSI-RS of the 1st eMIMO-Type, where n_cqi_ref is as defined in Rel-13
· For mechanism 2, the Rel-13 CRI relaxation is reused

Agreement: 
· UEs configured with two eMIMO-Types and Type B quasi-co-location do not expect that CSI-RS resources for the eMIMO-Types have different values of the higher layer parameter qcl-CRS-Info.
R1-1703560
WF on Hybrid mechanism 1
LG Electronics, Samsung, ZTE 

Agreement:
For both mechanisms 1 and 2:

· The P-CSI reporting mode is configured only for 2nd eMIMO-Type 
· The reporting content of the 1st eMIMO-Type is fixed.
· In reporting mode 1-0 and 2-0, 
· Periodicity of the CSI of 1st eMIMO-Type is an integer multiple of WB CQI periodicity of the 2nd eMIMO-Type. 
· Subframe offset of the 1st eMIMO-Type is defined relative to CQI subframe offset of the 2nd eMIMO-Type. 
· Reporting modes 1-0 and 2-0 are configured only when the number of CSI-RS ports for the 2nd eMIMO-Type is 1
For aperiodic CSI reporting for hybrid CSI mechanism 2: 
· Either one of CSI for 1st eMIMO-Type (i.e., CSI(1)) and CSI for 2nd eMIMO-Type  (i.e., CSI(2)) is triggered for aperiodic CSI reporting.
· The CSI request field of the same size as the Rel-13 CSI request field is used to jointly indicate the triggered eMIMO-Type and CSI process
· Use the same RRC approach as mechanism 1 for configuration of the trigger 
· For P-CSI feedback, collision handling follows Rel-13 principles.

R1-1703561
WF on Hybrid mechanism 2
LG Electronics, Samsung
R1-1701837
Remaining issues on hybrid CSI
ZTE, ZTE Microelectronics
R1-1702405
Remaining issues on Hybrid CSI mechanism 1 and 2
LG Electronics
R1-1702793
Details on hybrid CSI
NTT DOCOMO, INC.
7.2.2.6 Remaining issues on advanced CSI
P-CSI and A-CSI details, the need for supporting Class B (and hybrid) extension for advanced CSI
Limit to 2 contributions per 1 company/organization/university

R1-1702875
Periodic advanced CSI reporting
Samsung
R1-1701838
Remaining issues on linear combination codebook
ZTE, ZTE Microelectronics
R1-1701748
Details of CSI reporting for advanced CSI
Huawei, HiSilicon
R1-1702363
Advanced CSI Class A PUCCH Reporting Mechanisms
Ericsson
R1-1702406
Feedback mechanism for Advanced CSI
LG Electronics
R1-1702792
On Feedback Enhancements to Support Advanced CSI
NTT DOCOMO, INC.
R1-1702876
Remaining details of advanced CSI codebook
Samsung
R1-1703809
WF on PUCCH CSI feedback in advanced CSI
Huawei, HiSilicon, CATT

R1-1703810
WF on remaining issues of advanced CSI reporting
Samsung, Ericsson, LG Electronics, Xinwei, NTT DOCOMO
R1-1702536
Remaining details on advanced CSI
Qualcomm Incorporated
R1-1702041
Discussion on remaining issues of advanced CSI feedback
CATT
R1-1701749
Advanced CSI in Class B
Huawei, HiSilicon
R1-1702364
Class B Advanced CSI CSI Feedback
Ericsson
R1-1702535
Discussion on advanced CSI for Class B and hybrid
Qualcomm Incorporated
Conclusion: 

· Advanced CSI is not supported in Rel-14 with:

· Class B (including hybrid CSI)

· semi-open-loop transmission. 
R1-1702148
Performance of advanced CSI
Intel Corporation

R1-1702287
On the Performance of the Proposed LTE Advanced CSI Codebook
Nokia, Alcatel-Lucent Shanghai Bell
R1-1702294
On overhead reduction for W2 rank-2 codebook in advanced CSI
Nokia, Alcatel-Lucent Shanghai Bell
R1-1702362
Performance of Advanced CSI with Power Limitation
Ericsson

R1-1702361
Advanced CSI Complexity Analysis
Ericsson

R1-1703606
Remaining details about advanced CSI codebook
Samsung
Agreement: 
· Confirm the working assumption from RAN1#87

It is noted that Intel and Nokia have performance concerns. 
R1-1703793
WF on advanced CSI codebook design
Nokia, ASB
· Proposal: Enhance the working assumption with three orthogonal bases, L=3
R1-1703676
WF on advanced CSI codebook
Ericsson, Samsung, Huawei, HiSilicon, Sprint, KATHREIN-Werke, CATT, NTT DOCOMO, ZTE, ZTE Microelectronics, China Unicom, Deutsche Telekom, Xinwei, Qualcomm

Proposal:
· Confirm the working assumption reached in RAN1#87 on Advanced CSI Codebook
R1-1703645 
WF on remaining issues on advanced CSI reporting
Samsung, Ericsson, LG Electronics, Xinwei, NTT DOCOMO
Agreement:
· For RI=1,2 CQI/PMI is calculated based on advanced CSI codebook
· For RI>2, CQI/PMI is calculated based on legacy/class A codebook (see below)
· For A-CSI, support PUSCH mode 1-2, 2-2, 3-1, and 3-2
· For P-CSI, support only PUCCH mode 1-1 
· PUCCH Format 2/2a/2b is used
· 3 reporting instances (analogous to Rel.13 Class A)
· 1st reporting instance: RI + beam power
· When RI >2, reported beam power is zero
· 2nd reporting instance: (i1,1,i1,2) + beam selection
· 3rd reporting instance: i2 / CQI
· For rank 1, i2 is 6 bits (not subsampled)
· For rank 2, i2 is 4 bits, with the following working assumption for W2: 
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where c (2 bits) is QPSK, and [image: image7.png]


 is {1,j} and [image: image9.png]


is {1,-1}
· For rank 3-8 P-CSI and rank 3-8 A-CSI, use the following codebooks:
· 4 port: Rel. 8/12 4 Tx rank 3-4 codebook 
· 8 port, 1D: Rel. 10 8 Tx rank 3-8 codebook
· 8 ports, 2D: Rel. 13 rank 3-8 Class A codebook
· {12,16,20,24,28,32} ports: Rel. 13/14 rank 3-8 Class A codebook
· (N1,N2) combinations
· Support all Rel. 13/14 Class A combinations
· Support two additional combinations, (N1,N2) = (2,1) and (4,1)
· Use Class A RRC parameter to configure codebook parameters
· (N1,N2)
· (O1,O2,Config) only for Class A (N1,N2) combinations and rank 3-8
The working assumption for W2 can be revisited with a CR at RAN1#88bis if redundant PMIs are identified and there is consensus for an alternative. 
R1-1703807
WF on PUSCH based A-CSI feedback for advanced CSI
Qualcomm, Huawei, HiSilicon

Agreement

· For A-CSI-only feedback without UL-SCH, the restriction on the maximum RB assignment (e.g., N_RB ≤ 4 for single CC and N_RB ≤ 20 for multiple CCs) is not applicable
7.2.2.7 Remaining issues on semi-open-loop
Orphan RE issue for rank-1, DMRS table and applicability for SPS-RNTI
Limit to 1 contribution per 1 company/organization/university

R1-1702290
On Remaining Issues of DMRS-based Semi-open Loop Transmission
Nokia, Alcatel-Lucent Shanghai Bell
R1-1703798
WF on orphan RE
Huawei, HiSilicon, Samsung

Supported by: Huawei, HiSilicon, Samsung, ZTE, ZTE Micro, QC (2nd prio), Xinwei

Agreement: 
· For transmit diversity in semi-open-loop,
· SFBC RE pairs are within the same PRB.
· An orphan RE for antenna port p is identified by the UE as an RE for which the following condition cannot be satisfied:
· the complex-valued symbols y(p)(i) and y(p)(i+1), where i is an even number, can be mapped to resource elements (k,l) and (k+n,l) in the same OFDM symbol with n<3
· k starts from 0 at the lowest subcarrier of the PRB
· PDSCH transmission is rate matched around orphan RE
Note that the Editor of 36.211 may find a more precise wording for the identification of the orphan REs.

R1-1703815
WF on WF on orphan REs in DMRS based OL MIMO
LG, Ericsson
Proposal:

· In OFDM symbol pairs containing DMRS or 2-port CSI-RS, instead of SFBC, STBC is used across the symbols in the same subcarrier for rank 1 semi-OL and OL MIMO transmission
Supported by: LG, Ericsson, Nokia, ASB, CATT
R1-1703806
WF on Orphan RE
Qualcomm
Proposal:
· A pair of RE of the SFBC block cannot span across two RBs
· A pair of RE of the SFBC block cannot span across more than 4 subcarriers in the frequency domain
· Orphan RE on an OFDM symbol is identified if there is an odd number of tones in the RB available for PDSCH RE mapping
· Location of orphan RE is fixed:  corresponding to last subcarrier of the RB 
· PDSCH is rate matched around the orphan RE
R1-1702040
Discussion on remaining issues of semi-open-loop
CATT
R1-1703080
On Remaining issues in DMRS based semi-open loop
Huawei, HiSilicon
R1-1702366
On Remaining Issues of DMRS Based Semi-Open-Loop
Ericsson
Agreement:

· Use the existing PRG size for semi-open loop transmission.
R1-1702407
Remaining issues on Semi-OL MIMO
LG Electronics
R1-1702537
Remaining details on DMRS based semi-open-loop
Qualcomm Incorporated
R1-1702877
Remaining details of semi-open-loop transmission
Samsung
R1-1703562
WF on DMRS table for semi-OL MIMO
LG, Qualcomm

Agreement:

· DMRS based semi-OL-MIMO is supported up to rank 2.
· Adopt Table 1 as a DMRS port indication table for semi-OL MIMO.
· Cophase cycling scheme is used if both codewords are enabled; SFBC is used if codeword 0 is enabled while codeword 1 is disabled.
	Value
	Message

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

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


R1-1703799
WF on CSI reporting for semi-OL 
Huawei, HiSilicon, Samsung, Qualcomm, LGE

Agreement:
· Support PUCCH mode x-1 (x=1,2) and PUSCH mode x-1 (x=1,3), where CSI reports include 1-bit RI, CRI (for Class B with K>1), i1 (if applicable), and CQI;
· Reuse Rel.13 CSI feedback mechanism (e.g. coding, mapping) of closed-loop, by dropping i2 (for dual-stage codebook) or PMI (for single-stage codebook)
R1-1703667
WF on CSI reporting for DMRS-based semi-open-loop
CATT
Proposal:

· PUCCH mode 1-0 and PUSCH mode 1-0/3-0 are supported for DMRS-based semi-open-loop
· 1-bit RI is reported per CSI-process per-CC.
· For Class B, RI/CRI bitwidth is ceil(log2(K))+1
· Reuse Rel.13 CSI feedback mechanism (e.g. coding, mapping) of closed-loop, by dropping i2 (for dual-stage codebook) or PMI (for single-stage codebook)
R1-1703668
WF on remaining issues on DMRS-based semi-open-loop
CATT
Agreements:
· Support semi-open-loop in TM9 and TM10  
· For TM10, both QCL type A and type B are supported. 
· Scheduling of semi-open-loop transmission on PDSCH is supported with PDCCH and EPDCCH
· Support semi-open-loop for SPS
· Fallback scheme for semi-open-loop in TM9/10 is the same as for closed-loop
7.2.2.8 Others
R1-1702368
Email Summary: [86b-12] Aperiodic CSI-RS Selection for eFD-MIMO
Ericsson
